ADDI TI VE FOR RESI ST AND RESI ST COVWPCSI TI ON COVPRI SI NG SAME BACKGROUND OF
THE INVENTION 1. Field of the Invention 5The present invention relates to
an additive for resist which can suppress |eaching caused by water at the
time of an imersion |ithographic process by increasing the hydrophobicity
of the surface of a resist film and can forma fine resist pattern having
excellent 10 sensitivity and resolution, and to a resist conposition
containing the additive for resist. 2. Description of the Related Art
Along with the recent trend of high integration of |arge scale integrated
circuits (LSI) and an increase in 15 the processing speed, there is a
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(365 nm, or the like of a nercury | anp has been mainly used. 20However, as

the increase in the resolution that stens fromthe exposure wavel ength

approaches a substantial sidk&ro@rethod;of waking,t he exposure wavel ength
shorter has been suggested as a neans for formng a finer photoresist

pattern. For exampl er tRepartigular, a KrF 25 excinmer |laser (248 nm, an
ArF excinmer |aser, and the like of shorter wavel engths are used instead
of the& i-line (@6 d¥Pent invention relates to an additive for

resist which can suppress leaching caused by water at the

time of an immersion lithographic process by increasing

the hydrophobicity of the surface of a resist film, and

can form a fine resist pattern having excellent

10 sensitivity and resolution, and to a resist composition

containing the additive for resist.
2. Description of the Related Art

Along with the recent trend of high integration of
large scale integrated circults (LSI) and an increase in

15 the processing speed, there is a demand for fine
fabrication of photoresist patterns. As the exposure
light to be used at the time of forming a resist pattern,
g-line (436 nm}, i-line (365 nm), or the like of a mercury
lamp has been mainly used.

20 However, as the increase in the resolution that stems
from the exposure wavelength approaches a substantial
limit, a method of making the exposure wavelength shorter
has been suggested as a means for forming a finer
photoresist pattern. For example, in particular, a KrF

25 excimer laser (248 nm), an ArF excimer laser, and the like



An ArF inmmersion |ithographic nmethod of using an ArF exciner |aser as a
l'ight source is characterized by being 5 carried out by enclosing water
between a projection lens and a wafer substrate. This nmethod utilizes the
refractive index of water at 193 nm so that even if a lens having a
nunerical aperture of 1.0 or greater is used, pattern formation is
possible, and this method is usually 10 referred to as an imrersion .
exposure method. However, there is a problemthat since a resist filmis
brought into direct contact with pure water, the acid generated by a
phot oaci d generator, or the am ne conpound that is included in the resist

filmas a gquencher is_easily 15 dissolved in water, and thereby, a change
in the sh%%eg%?rgﬁﬁ TREF ?H%Eﬁ?eﬁﬁﬁ ‘pHt eﬁ?ﬁkﬁﬁér?ﬁnk i BP2swel | i ng,
and vario )defects such as bubbl e defects and watermark defects occur.
According#@,'for t he purpose of blocking a resist 20 filmfroma nedi um

such as water,,f here | H%ggglggQ%%%%%ghgcngknggff%ff%rgkgggg ratective

filmor an upper |ayer m bet ween resi st m an Sich a

resist profectdyverfidmis £eguiqeddo have C&?AP&&%%&&%Q hay fhe
protective filmhas a sufficient I1ght transmttance at ‘t he 1€l evant
wavel engtde spias Hof B dit RIS UR] BXROSWSiween a proiection lens
and a wafer substrate. This method utilizes the
refractive index of water at 193 nm, so that even if a
lens having a numerical aperture of 1.0 or greater is used,
pattern formation is possible, and this method is usually
10 referred to as an immersion exposure method. However,
there is a problem that since a resist film is brought
into direct contact with pure water, the acid generated by
a photoacid generator, or the amine compound that is
inciuded in the resist film as a guencher is easily
15 dissolved in water, and thereby, a change in the shape of
the resist pattern, pattern destruction caused by swelling,
and varicus defects such as bubble defects and watermark
defects occur.
Accordingly, for the purpose of blocking a resist
20  film from a medium such as water, there has been suggested
a method of forming a protective film or an upper layer
film between the resist film and water. Such a resist
protective film is required to have characteristics that
the protective film has a sufficient light transmittance

25 at the relevant wavelength so as not to interrupt axposure,



can be fornmed on a resist filmw thout causing interm xing with the resist
film can formand maintain a stable filmw thout being dissolved out in a
medi um such as water at the time of inmmersion exposure, and can be easily 5
di ssolved in an alkali liquid or the Iike, which serves as a devel opi ng
liquid at the tinme of devel opment. Patent Docunent 1: Korean Patent
Application Laid- Open No. 2011-0084848 (published on July 27, 2011)

Pat ent Docunent 2: Koran Patent Application Laid-COpen 10No. 2008- 0000522
(publi shed on January 2, 2008) Pat ent Docunent 3: Korean Patent
Application Laid-Open No. 2011-0079649 (published on July 7, 2011) SUMVARY
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present | nvention to provi de a resi st COI’TpOSI t1on containing ]i he addi tive,

and a nethed foneformpgeAs 881 SipPalEer N by Usi ng. the cgnposition. 25In
order to achieve the objects descrlbed above an

5 dissolved in an alkali liquid or the like, which serves as
a developing liquid at the time of development.
Patent Document 1: Korean Patent Application Laid-
Open No. 2011-0084848 (published on July 27, 2011)
Patent Document 2: Koran Patent Application Laid-Open
10 No. 2008-0000522 (published on Januvary 2, 2008}
Patent Document 3: Korean Patent Application Laid-

Open No. 2011-0079649 (published on July 7, 2011)

SUMMARY OF THE INVENTION
15 It is an object of the present invention to provide
an additive for resist which can suppress leaching by
water at the time of an immersion lithographic process by
increasing the hydrophobicity of the surface of a resist
film, and can form a fine resist pattern having excellent
20 sensitivity and resolution.
It is another object of the present invention to
provide a resist composition containing the additive, and
a methoed for forming a resist pattern by using the
composition.

25 In order to achieve the objects described above, an



additive for resist according to an aspect of the present invention is a
copol yner represented by the followng formula (1): [Chemical Fornmula 1] _n
FZ5 5 wherein in the formula (1), R, R' and R'' each independently
represent a group selected fromthe group consisting of a hydrogen atom a
Cl-C4 al kyl group, a halogen atom and a Cl-C4 hal oal kyl 10 group in which
one of the hydrogen atons of an al kyl group is substituted by a hal ogen

at om R1 and R2 each independently represent a hydrogen atom or a

Cl1- C8 al kyl group; R3 represents a group selected fromthe
group 15 consisting of a hydrogen atom and functional groups represented by

the followng,tormias, {2) and.fa: AFheN S80Sl 2 Fe prosdBE 7870

invention is a copolymer represented by the following
formula (1):

[Chemical Formula 1]

R‘ L] IlR:;
5 R"R

wherein in the formula (1),
R', R" and R"' each independently represent a group
selected from the group consisting of a hydrogen atom, a
C1~C4 alkyl group, a halogen atom, and a C;-C; haloalkyl
10 group in which one of the hydrogen atoms of an alkyl group
is substituted by a halogen atom;
R; and R; each independently represent a hydrogen atom
or a C1-Cg alkyl group:;
Ry represents a group selected from the group
15 consisting of a hydrogen atom and functional groups
represented py the following formulas (2) and {(3):

[Chemical formula 2]
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[Chemical Formula 3]



R23 [ Chem cal Fornula 3] wherein in the formulas (2) and (3), Rn
represents a hydrogen atom or a hydroxyl-protecting group selected from
the group consisting of a d-Cmalkyl group, a (Cl-C20 5 al koxy) al kyl
group, a C3-C30 cycl oal kyl group, a fornyl group, a (01-C20 al kyl ) car bonyl
group, a (C3-C30 cycl oal kyl)carbonyl group, a (Cl-070 al kyl)carboxyl group,
and a (C3-C30 cycl oal kyl ) carboxyl group; Rmrepresents a hydrophobic group
selected fromthe 10 group consisting of a Cl-Cm hal oal kyl group, an
organosilicon group and a C3-C20 hydrocarbon group, such that if Rm
represents an organosilicon group, p represents O, while if Rmrepresents a
Cl-C2 hanaIkyI ¢group or a C3-C20 hydrocarbon group, p represents 1; 15Rm
and 1132 h ﬁggfpendently represent a group selected fromthe group
conS|st|ng Cnlalkanedlyl group, a C2-C20 al kenediyl group, a Cl-Cm
heteroalka@;dlyl 6Up, a C2- C20 heteroal kenedi yl group, a C3-C30

cycl oal kanegiqyl group, a C3-C30 cycl oal kenediyl group, a C2- 20 CH
heterocyckﬁalkanedlyl group, and a C3-C30 heterocycl oal kenedi yl group; Rm
and Rn1each%5ndependently represent an acid-labile

wherein in the formulas {2) and (3), Rs: represents a

hydrogen atom, or a hydroxyl-protecting group selected

from the group consisting of a C1-Cyy alkyl group, a (Ci;-Cay
5 alkozyj)alkyl group, a C3-Cs cycloalkyl group, a formyl

group, a {C,;-Cs alkyl)carbonyl group, a (C3~Csg

cycloalkyl)carbonyl group, a (Ci1-Cy alkyl)carboxyl group,

and a (C3-Cz cycloalkyl)carboxyl group;

R3; represents a hydrophobic group selected from the

10 group consisting of a Cy;-Cy haloalkyl group, an
organcsilicon group and a C3-Cpp hydrocarbon group, such
that if Ry represents an organosilicon group, p represents
0, while 1f R3; represents a C;~Cy haloalkyl group or a Ci-
Cyp hydrocarbon group, p represents 1;

15 Rzz and Rsz each independently represent a group
selected from the group consisting of a C;-Cse alkanediyl
group, a Cp;~Cpp alkenediyl group, a Ci1-Cyz heteroalkanediyl
group, a C;-Cyy heteroalkenediyl group, a Ci;-Cig
cycloalkanediyl group, a C3-Cip cycloalkenediyl group, a Ci-

20 C3p heterccycloalkanediyl group, and a Ci-Cig
heterocycloalkenediyl group;

Rz3 and Rzz each independently represent an acid-labile



jr: ,Rc "Rc'
, wherein R

al koxy group,

S

"RbCRI) group selected fromthe group consisting of Ha and

Rb, 130 and Rd each i ndependently represent a group selected
fromthe group consisting of a 01-020 al kyl group, a C3-C30 cycl oal kyl
group, a (01-010 5 al kyl)cycl oal kyl group, a hydroxyal kyl group, a 01-020
a (01-010 al koxy) al kyl group, an acetyl group, an acetyl al kyl
group, a carboxyl group, a (0-Co al kyl)carboxyl group, a (03-018

cycl oal kyl ) carboxyl group, and a 03-C30 heterocycl oal kyl group, or adjacent
groups may 10 be bonded to each other to forma 03-C30 saturated or

unsat urated hydrocarbon ring or a 02-050 heterocyclic group; X
represents an integer fromO to 3; y represents an |ntgger froq1q%to 10;
15R4 represents a hydrophobic group selected fromthe R

Rajﬂhb Ra

group selected from the group consisting of '

, wherein R, Rp, R and Ry each independently

represent a group selected from the group consisting of a

C1=Czo alkyl group, a C3-Ci cycloalkyl group, a (Ci-Cig

5 alkyl)cycloalkyl group, a hydroxyalkyl group, a C;-Cag

alkoxy group, a (C;-Cy alkoxy)alkyl group, an acetyl group,

an acetylalkyl group, a carboxyl group, a {(C:-Cyg

alkyl)carboxyl group, a (Cs-Cyg cycloalkyl)carboxyl group,

and a C3-C3p heterocycloalkyl group, or adjacent groups may

10 be bonded to each other to form a C3-Csp saturated or

unsaturated hydrocarbon ring or a C;-Cip heterocyclic

group;

®» represents an integer from 0 to 3; y represents an

integer from 0 to 10;

15

Ry represents a hydrophobic group selected from the

group consisting of a C;-Cyp haloalkyl group, an

organosilicon group, and a C3~Cy hydrocarbon group:;

Rs represents a group selected from the group

consisting of a hydrogen atom, a C;~Czy alkyl group, a Co-

20 Coe alkenyl group, a Ci-Cie cycloalkyl group, a Ca-Csig

cycloalkenyl group, a Cg~Cso aryl group, a Ci~Csp

hetercalkyl group, a C;-Cy heterccyclic group, and



group consisting of a Cl-020 hal oal kyl group, an organosilicon group, and a
03- 020 hydr ocar bon group; R5 represents a group selected fromthe
group consisting of a hydrogen atom a 01-C20 al kyl group, a C,- 20020

al kenyl group, a C3-C30 cycl oal kyl group, a C3-C30 cycl oal kenyl group, a
05-C30 aryl group, a C1-0,0 heteroal kyl group, a 02-030 heterocyclic group,
and conbi nations thereof; 1, m n and o respectively represent the
proportions of corresponding repeating units in the main chain, such that

| +mtn+o = 1, while 0 < 1/(1+mtn+0) < 0.9, 0.2 < 5nm (1+mtn+0) < 0.9,

On/ (1+mtn+0) < 0.9, and 0 o/ (1+mtn+o) < 0.9, provided that when R3
represents a h%d % @$on10£ a functional group represented by formula
(2), nis’no B p eprésénts an integer of 0O or 1 10The additive for

resist may be a %P”QPQQQihﬁ ggg é%éq%e aprez&g%%n% Y ep %%ﬁ% ogb%;'a

functi onal grodp Havi ng a structure re 1, m n

and o resgﬁc&bygégp &{ﬁéepé%é$ﬁéféoﬁgfg49ﬂ§*9L9§§a£.ﬁg%ﬁgln%%%l eating

units in the mai n chain,” suc | +m+tn+o = I mtn+0) <
0.9, 0.2 &gt (Lehminbo) £ 049518 & < 1/ (l4minto) < 0.9, 0.2 <

5 m/ (L+m+n+o) < 0.9, 0 £ n/{l+mtn+o) < 0.9, and 0 =
o/ (l+mtn+o) < 0.9, provided that when R; represents a
hydrogen atom or a functional group represented by formula
{2), n is net 0; and

p represents an integer of 0 or 1.

10 The additive for resist may be a compound in which Rj
represents a hydrogen atom or a functional group having a
structure represented by the formula (2}; 1, m, n and o
respectively represent the proportions of corresponding
repeating units in the main chain, such that l+m+n+c = 1,

15 while 0 < 1/ (l+m+nto) < 0.9, 0.2 < m/{l+mtn+o) < 0.9, ¢ <
n/ {l+n+n+o) < 0.9, and 0 £ o/ (l+m+n+tc) < 0.9,

The additive for resist may be a compound in which Rj
represents a functional group having a structure
represented by the formula (3); 1, m, n and o respectively

20  represent the preportions of corresponding repeating units
in the main chain, such that l+m+n+o = 1, while 0 <
1L/ {l+m+n+o) < 0.9, 0.2 < m/(l+m+n+o) < 0.9, O <
n/{(l+m+n+o) < 0.9, and 0 £ o/ (l+m+n+o) < C.9.

In the formula (2), Ry represents a group that may be

25 selected from the group consisting of a C;~Cip alkyl group,



n/ (1f mn+o) < 0.9, and 0 5 o/ (1+mtn+o) < 0.9. The additive for resist
may be a conpound in which R3 represents a functional group having a
structure represented by the formula (3); 1, m n and o respectively 20
represent the proportions of corresponding repeating units in the main
chain, such that |+mn+o = 1, while 0 < 1/ (1+mn+0) < 0.9, 0.2 <

m (1+mtn+0) < 0.9, 0 5 n/(1+mn+o0) < 0.9, and 0 5 o/ (1+m-n+0) < 0.09.

In the formula (2), Rn represents a group that may be 25 selected fromthe
group consisting of a Cl-Cl0 al kyl group, a (Cl-Cl0 al koxy)al kyl group, a
C3- C14 nonocyclic cycloalkyl group, a C3-C13 bicyclic cycloalkyl group, a

cycl oal ky boxy @epresents a group
t hat may e L n acetyl
group, a ﬁg% gég%%t %I§$%%€ﬁ‘%&?ﬂﬁuﬁipé- %onyl(e%ﬁigéffc(i HV£§958QEKY§

t-butyl oxygarhonyl ¢ gr Ay clohexyl-carbanyly Greup,, 12 gc%qll opentyl car bonyl
group, a cyclooctylc onyI group, an adanantylcarbonyl group, and a

bi cyclso[ 2(@,-1; hepyyl et iyl cal 1 l2n thect orada ) BrncR34.

represents a group that nay be 15 se ected fron1t e group consisting of a
C1- C10 flgosme) kyhd 0 OUR,-Cay Sdy Vil oQNOHR, caa kA1 Qb ukyi si l yi group, a

chain- In the formula (2), Ry represents a group that may be
selected from the group consisting of a formyl group, an
acetyl group, a methoxymethyl group, a t-butylcarbonyl
10 group, a t-butyloxycarbonyl group, a cyclohexylcarbonyl
group, a cyclopentylcarbonyl group, a cyclooctylcarbonyl
group, an adamantylcarbonyl group, and a
bicyclo[2,2, l1theptylmethylcarbonyl group.
In the formula (3), Rs; represents a group that may be
15 selected from the group consisting of a Cy-Cye fluorcalkyl
group, a silyl group, a C;-Cip alkyisilyl group, a chain-
like or branched C3-Cy alkyl group, a C3~Cpq monocyclic
cycloalkyl group, a Cg-Cig bicyclic cycloalkyl group, a Cig-
C3o tricyclic cycloalkyl group, and a Cy0-Cip tetracyclic
20  cycloalkyl group.
In the formula (3}, Rs;; represents a group that may be
selected from the group consisting of a t~butyl group, a
trifluoromethyl group, a trimethylsilyl group, a
di({triflucromethyl)isopropyl group, a pentafluorcethyl

25 group, and a heptafluoropropyl group.



| i ke or branched C3-C10 al kyl group, a C3-Cl4 nonocyclic cycl oal kyl
a C3-C13 bicyclic cycloal kyl group, a Cu - 030 tricyclic cycl oal kyl
and a 010-030 tetracyclic 20 cycl oal kyl group. In the formula (3), R31
represents a group that may be selected fromthe group consisting of a

t - butyl

group, a trifluoromethyl group, a trinmethylsilyl group, a

group,
gr oup,

di (trifluoronethyl)isopropyl group, a pentafluoroethyl 25 group, and a

hept af | uor opr opyl

group. In the formulas (2) and (3), R23 and Rn

each independently represent a group that may be selected from RO ,Re Si ,
" the group consisting of Ra-ARb Rb

(&3}

10

15

20

In the formulas (2) and {3}, R:; and Ry; each

independently represent a group that may be selected from

&
oy 5 Ro e O
o ’f}{yHC f’w%Hb I' .
a _ Rd), ™t
the group consisting of o R 4na (R ‘<,

wherein R, Ry, Re and Ry independently represent a group
selected from the group consisting of a C;~Cip alkyl group,
a C3-Cyq monocyclic cycloalkyl group, a Cs-Cpe bicyclic
cycloalkyl group, a Cip-Cso tricyclic cycloalkyl group, a
C10—C30 tetracyclic cycloalkyl group, a (C1-Cs
alkyl)cycloalkyl group, a hydroxyalkyl group, a Ci1-Cyg
alkoxy group, a (C;-Cs alkoxylalkyl group, an acetyl group,
an acetylalkyl group, a carboxyl group, a (C-Cs
alkyl)carboxyl group, and a (C3~Cip cycloalkyl)carboxyl
group, or adjacent groups may be bonded to each other to
form a saturated or unsaturated Ce¢-Cig hydrocarbon ring or
a Cy=Cig heterocyclic group; x represents an integer from 0
to 3; and y represents an integer from 0 to 5.

In the formulas {(2) and (3), R;z; and Ri; each
independently represent a group that may be selected from
the group consisting of a t-pbutyl group, a trimethylsilyl
group, a hydroxyl-Z-ethyl group, a l-methoxypropyl group,
a l-methoxy~l-methylethyl group, a l-ethoxypropyl group, a
l-ethoxy-l-methylethyl group, l-methoxy-l-ethyl group, a

l-ethoxyl-l-ethyl group, a t-butoxy-2-ethyl group, a 1-



Ra , and (Rd)- wherein Ra, Rb, Re and Rd i ndependently represent a group 5
sel ected fromthe group consisting of a C2-C20 al kyl group, a C3-Cl4
nonocyclic cycl oal kyl group, a C8-020 bicyclic cycloal kyl group, a C10-C30
tricyclic cycloal kyl group, a Cl10-030 tetracyclic cycloal kyl group, a
(01-05 al kyl)cycl oal kyl group, a hydroxyal kyl group, a C2-C o 10 al koxy
group, a (Cl-05 al koxy)al kyl group, an acetyl group, an acetyl al kyl group,
a carboxyl group, a (C-05 al kyl)carboxyl group, and a (03-C10
cycl oal kyl ) car boxyl group, or adjacent groups nmay be bonded to each ot her
to forma saturated or unsaturated C6-013 hydrocarbon ring or 15 a 05-C18
het erocyclic oup; . X represents an integer fromO to 3; and y represents
FPBRBIT 8Ly

an integet® RYL groyRy (R fHr M ast Y EHHE IB)PY RPF and R33 each
i ndependept r epr esent r t hat _be selected fromthe group
consistingO%¥oﬁlggb§?§Tug?%ug#£5.R?i thylsilyl 20 group, a
hydr oxyl- 2- et hyl group, a 1-nmethoxypropyl group, a 1-nethoxy-1-nethylethyl
group, a l1-ethoxypropyl group, a 1-ethoxy-1-nethylethyl
1-nethoxy-%;§y% | m@gnpup, a 1-ethoxy%;&f%th | group, a t- XMR2e et hyl
group, a 1-° T1{sckut oxy-|-ethyl group, -G Bups represenfed’by, t he

. e
fol | owi ng for s (4a) to (4k): X

(da) {4h) (4r)
e (R0 R (R 3
X - ERPS R
- ~|—(R")d ~
(4d) {de) o
(J‘pf 1 .
_ - ¢ R
R, WE AR = R or( 2R
; p =N
=T N\ "o
) (any (4
AR
"Ry\mﬁ?")e ETO'\)
Pasvd (R

() (k)

In the formulas (4a) te (4k), R', R" and R"' each
5 independently represent a hydrogen atom or a C;-Cyy alkyl
group; & and e each represent an integer from 0 to 15; b
represents an integer from 0 to 11; ¢ and d each
independently represent an integer from 0 to 9; f
represents an integer from 0 te 7; g and i each

10 independently represent an integer from 0 to 6; h

1C



tes R "IR (4)) In the fornulas (4a) to (4k), R, R' and R'" each 5

i ndependently represent a hydrogen atom or a Cl-Cl0 al kyl group; a and e
each represent an integer fromO to 15; b represents an integer fromO to
11; c¢ and d each independently represent an integer fromO to 9; f
represents an integer fromO to 7; g and i each 10 independently represent
an integer from0O to 6; h represents an integer fromO to 4; 0 < c+d < 17;
and 0 < c+f < 15. In the formulas (2) and (3), Rn and R43 each

i ndependently represent a group that may be selected from5 the group
consisting of noieties represented by the followng fornulas (5a) to (5h):

represents an integer from 0 to 4; 0 £ c+d € 17; and 0 <
ct+f £ 15.
In the formulas (2} and (3), Rs; and Rs3 each
independently represent a group that may be selected from
5> the group consisting of moieties represented by the

following feormulas (5a) to (5h):

A 5 ”O
, T
(5a) (5b) (50) (5d)
Ny Y 4
! el I
H
A Yaly, j EL“"}
T
(5e) (5)

(59) {3h)
In the formula (1), Rs represents a group that may be

selected from the group consisting of a Cy~Cyy fluoroalkyl

1C  group, a silyl group, a C-Ciy alkylsilyl group, a chain-
like or branched C3;-Cijp alkyl group, C3~Ciy monocyclic
cycloalkyl group, a Cg-Cig bicyclic cycloalkyl group, a Ci-
Czo tricyclic cyclealkyl group, and a Ci0-Ci tetracyclic
cycloalkyl group.

15 In the formula (1), Rs; represents a group that may be
selected from the group consisting of a t-butyl group, a
trifluoromethyl group, a trimethylsilyl group, a

di(trifluoromethyl)isopropyl group, a pentafluorcethyl

11



selected fromthe group consisting of a Cl1-010 fl uoroal kyl

10 group, a

silyl group, a Cl-040 al kylsilyi group, a chain-like or branched C4-C10
al kyl group, C3-014 nonocyclic cycl oal kyl group, a 08-Cl18 bicyclic
cycl oal kyl group, a Cl10- C30 tricyclic cycloal kyl group, and a CO-C3

tetracyclic cycloal kyl group. 15In the forrmula (1), R4 repr
that nmay be selected fromthe group consisting of a t-butyl
trifluoronmethyl group, a trinethylsilyl group, a

esents a group
group, a

di (trifluoronethyl)isopropyl group, a pentafluoroethyl group, and a
hept af | uor opr opyl group. In the formula (1), R5 represents a group
that may be selectgd fronqt_fhégoup consi sting of a hydrogen atom a d-CGo

al kyl gro@p® 8 022910 aFREH

YU BT nonocycl i ¢ cycl oal kyl group,

a 08-018 bicyclic ,cycloal kyl grou C10-030 tricyclic cycloal kyl group, a
010-030 1t ot r acYb1 1 YOSy gr Bips CHE CS5058. Sy T OaP KURTE B DUS o 06- G
|.ic group, and

aryl grou -020 heteroal kyl group,. a 02-C18 heterocycli
conbinatf%%%g?ﬁé?eégéml i Q¥ﬁﬁ§cébﬁﬁ%§iﬁ5q %ngﬁthgﬁﬁggéﬁfmhnaacid-labiIe

Ci=Cyo alkyl group, a Cp;~Cyp alkenyl group, a C3;—Cyiy

(6]

group, Cijo—Cs tricyclic cycloalkyl group, a Cig-Cso

tetracyclic cycloalkyl group, a C3-Cip cycloalkenyl

monocyclic cycleoalkyl group, a Cg—Cig bicyclic cycleoalkyl

group,

a Ce-Cyg aryl group, a C;~Cyy heteroalkyl group, a Cy-Cig

heterocyclic group, and combinations thereof.

10 In the formula (1), Rs may represent an acid-labile

o §
\ - R¢ i"‘\Si'

-~
Ra™ %
group selected from the group consisting of Rb

Rc
éaRb

! r

group

o ARd) TH, _ N |
and ; Or & lactone group selected from the
5 ?:x (;‘th 1 }ﬁ;\,ﬂé?e)zz
17 (R J\WR%
. ' C}fﬁi‘\o".} O# -O/J ( f} L’
consisting of and , wherein R, Ry,

Re and Rq each independently represent a C;~Cye alkyl group,

15 a C3-Cy cycloalkyl group, a (Ci-Cip alkyl)cycloalkyl group,

a hydroxyalkyl group, a Ci~Csy alkoxy group, a (Ci~Cip

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

a carboxyl group, a (C-Cy alkyl)carboxyl group, a

(C3-Cyg

cycloalkyl)carboxyl group, and a Cs-Ciy heterocycloalkyl

20  group, or adjacent groups may be bonded to each other to

12



rArRc VRc Ro Ro group selected fromthe group consisting of kbRa R, and
Rd each i ndependently represent a 01-020 al kyl group, 15 a C3-C30

cycl oal kyl group, a (Cl-C10 al kyl)cycl oal kyl group, a hydroxyal kyl group, a
01- 020 al koxy group, a (01-CH al koxy)al kyl group, an acetyl group, an
acetyl al kyl group, a carboxyl group, a (C Co al kyl)carboxyl group, a
(03-018 cycl oal kyl ) carboxyl group, and a C3-C3 heterocycl oal kyl 20 group,

or adjacent groups may be bonded to each other to forma saturated or
unsat urated C3-C30 hydrocarbon ring or a C2-030 heterocyclic group; Re and
Rf each independently represent a Cl-Clo al kyl group or may be bonded to

each ot hefo%rg gloer?:L?‘rastaéé”oag eudnsoa3t-u0r3aotehc¥dégq ?‘g l?ﬂoyr}irrolc%%’bo)?l ring or

a Cz~Cy0 heterocyclic group; Re and R each independently
represent a C;~Cyy alkyl group or may be bonded to each
other to form a saturated C3-Cyp hydrocarbon ring; x

5 represents an integer from 0 to 3; y represents an integer
from 0 to 10; z; and wy; each independently represent an
integer from 0 to 3; z, and wy each independently represent
an integer from 0 to 7; 0 £ z;+w; € 5; and 0 € zytw, £ 5.

In the formula (1), Rs represents a group that may be

10 selected from the group consisting of a t-butyl group, a
trimethylsilyl group, a hydroxyl-2-ethyl group, a 1-
methoxypropyl group, a l-methoxy-l-methylethyl group, a 1-
ethoxypropyl group, a l-ethoxy-l-methylethyl group, a 1-
methoxy-l-ethyl group, a l-ethoxy-l-ethyl group, a t-

15 butoxy-Z-ethyl group, a l-isobutoxy-l-ethyl group, and

groups represented by the following formulas (6a)} to (6m):

13



5 represents an integer fromO to 3; y represents an integer fromO to 10;
z1 and W each independently represent an integer fromO to 3; z2 and w2
each independently represent an integer fromO to 7; 0zl+w 5; and 0z2+w25.
In the formula (1), R5 represents a group that may be 10 selected fromthe
group consisting of a t-butyl group, a trinmethylsilyl group, a
hydr oxyl - 2- et hyl group, a 1- nethoxypropyl group, a 1-nethoxy-1-nethyl ethyl
group, a 1- ethoxypropyl group, a 1-ethoxy-1-nethylethyl group, a 1-
met hoxy- | -et hyl group, a 1-ethoxy-1-ethyl group, a t- 15 butoxy-2-ethyl
group, a 1-isobutoxy-1-ethyl group, and groups represented by the foll ow ng
formulas (6a) to (6m: (6M wherein in the formul as (2@), o(6m, R, KR
and R"' eagggﬁﬁde dently representﬁaRhydrogen atom or 7@ Il-gig;alkyl
group; a arnd h'Y epresent an int%®e FiROM O to 15; b 5 rg.reﬁgm%§ an
i nteger from 11; ¢ and d each in dently represent_ay ger from
O0to9;, f repr nts an integer from o7, g, i and k each ipadependently
represent an i@&ﬁger fromO to 6; h an@bj each i ndependently represent an
integer fromO'to 4; 0 c+d17; and Oc+f15. 5The additive for(§@sist may be
sel ected fron1%ﬁﬁ group consi sting 'f(c%npounds havi ng stgu¢tures

t’he -

represented”b%. fol |l owi ng fornyl to (18): [ Chem¥c mul a 7]
(64 (66)
CRE o (R'x AN
R, o {R™Mf . .
f (R 7 X (R'h
3% 7 0"
(69) (61)
R
< -0 e R
R" A
@ \@(R')i OAO)
i T
(R (Bk) (8l)

(61)

(6m)

wherein in the formulas (6a) to (6m), R', R"™ and R"' each

independently represent a hydrogen atom or a C;-Cjo alkyl

group; a and 3 each represent an integer from 0 to 15; b
5 represents an integer from 0 to 11; ¢ and d each

independently represent an integer from 0 to 9; f

14



.,---rjeurv.v.scruvulAr. 0 0- Ot CF3 2=0 0)L 10[ Chem cal Formula 8]
[ Chem cal Formul a 9] [ Chem cal Formula 10] [Chem cal Fornula 11]

represents an integer from 0 to 7; g, 1 and k each
independently represent an integer from 0 to 6; h and j
each independently represent an integer from 0 to 4; 0 £

ctd £ 17; and 0 £ ¢c+f £ 15.

5 The additive for resist may be selected from the
group consisting of compounds having structures
represented by the following formulas (7) to {(18):

[Chemical Formula 7]

TS
¢ 1 0 O 0
FAN
SEC
o g
Qs
VA
/

10 [Chemical Formula 8]

Anfruvera AL A AT G I e Y SV Y -EVW
4ﬁ £ { { Jon @r " n

. % QﬂAT) © QFmO
s
o CFs 4

[Chemical Formula 9]

15



afirr H7+, ,", JoO O "0, CF3 F30Cyr) runx PT

+ %;W“Z;\M I

/
C/

[Chemical Formula 10]

—7
\—>—o CF, \%@

Q /

>._

!

i{Chemical Formula 11}

5
Erasvge. “f“ﬂ;““}“ hey)

RV

-':
N

=
L

FEC

[Chemical Formula 12]

wf.r\.r AR -§ s
v,..._gqu}ll.. mmng ,.,.,..,,,',. Mn T R4 0"\{‘
S e — ) in
K . ,7. ok {\O . 2:

[Chemical Formula 13]
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[ Chem cal Fornula 12] [Chemi cal Formula 13] [Chem cal Fornula 14]
[ Chem cal Fornmula 15]

Hort

o CF, /'\
A /

,,_F-«.

CC

[Chemical Formula 14)

J [ } 1
2~f2> ! ,JL )h?m 04N %'WWXF—Ojo
O™ 0 0 o/—
»—CF, \)ﬂ/f\
77

[Chemical Formula 15]

’“MT%

y IO o

o0
L_ﬂ}—o Chs

o\

pa

{Chemical Formula 18]

bt

WCFE
Fu

[Chemical Formula 17)
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[ Chem cal Fornmula 16] [Chem cal Formula 17] 9 c¢>--cF3 c\ --a wherein in
the formulas (7) to (18), 1, m n and o 5 respectively represent the
proportions of corresponding repeating units in the main chain, such that

| +mtn+o = 1, while 0 < 1/(1+mtn+0) < 0.9, 0.2 < m (1+mtn+0) < 0.9, O

n/ (1+mtn+0) < 0.9, and 0 5_ o/ (1+mn+0) < 0.9. In the formula (1), the
repeating unit mmay be

.rm.n{-./u‘tf,ﬂ———{/ ]4 ‘\N\:\)’\NW\J‘\.\A_’\J}/VW Rty i.-'m.r U\fJT”] J{M——"\{Sf\.

i

““M% ;L—CFg C\
—0 _—\

¢ (O
o o

*] {ww ,,,,,,,,, «m}m,,fw Y\.\r}nmmm
oy O
Fg,(.“?_ o [;/go

wherein in the formulas (7) te (18), 1, m, n and o
> respectively represent the proportions of corresponding
repeating units in the main chain, such that l4mtn+tc = 1,
while 0 < 1/ (l+min+o) < 0.9, 0.2 < m/(l+mint+to) < 0.9, 0 <
n/{l+mtn+o) < 0.9, and 0 £ o/ {l+m+n+o) < 0.9.
In the formula (1}, the repeating unilt m may be

10 included in the copolymer of the additive for resist in an
amount of 30% to 60% by mole.

The additive for resist may have a weight average
molecular weight as measured by gel permeation
chromatography and calculated relative to polystyrene

15 standards, of 1,000 g/mol to 50,000 g/mel.
The additive for resist may be such that the ratic of

the weight average molecular weight and the number average

18



10 included in the copolyner of the additive for resist in an anmount of 30%
to 60% by nol e. The additive for resist may have a wei ght average

nol ecul ar wei ght as neasured by gel perneation chronmatography and
calculated relative to polystyrene 15standards, of 1,000 g/nol to 50, 000

g/ nol . The additive for resist may be such that the ratio of the

wei ght average nol ecul ar wei ght and the nunber average nolecular weight is
1 to 5 A resist conmposition according to another aspect of the present
invention includes the additive for resist according to the present
invention, a base polynmer for 5resist, an acid generator, and a sol vent.

The additive for resist, be included in the resist conposition in an
anount ofmasﬁg@é?ﬁ %@%%@gaé?gﬁtt?e$ative to the total weight of the resist

conposi tion. T&ereascjis enerat.aqr, rrayacbegro e or, fmore. orlgpoundstlo sel ected
from the group consisting ot conpoutids réﬁ%%sentéﬁ’%f t REPFGII 8% ng

formulas (ge),a0de{23) vl e CAl FLIM &, 22] 341t ive for resist

according to the present invention, a base polymer for
5 resist, an acid generator, and a solvent.

The additive for resist may be included in the resist
composition in an amount of 0.05% to 5% by weight relative
to the total weight of the resist composition.

The acid generator may be one or more compounds

10 selected from the group consisting of compounds
represented by the following formulas {22) and (23):

[Chemical Formula 22]

| A3

[Chemical PFormula 23]

Y
Y,—S +-2Z

he
L =Y

g P

Ys

Y4
wherein in the formulas (22} and (23),

Xy, X2, Y: and Y, each independently represent any one
selected from the group consisting of a C1-Cyo alkyl group,

an allyl group, a perfluoroalkyl group, a benzyl group, a

19



[Chem cal Formula 23] ii Y2- + Z 15Y4 wherein in the fornulas (22) and
(23), X, X2, Y1 and Y2 each independently represent any one sel ected
fromthe group consisting of a Cl-Cl0 al kyl group, an allyl group, a

per fluoroal kyl group, a benzyl group, a 06-030 aryl group, and

conmbi nations thereof; X1 with X2, and Y1 with Y2 may be bonded to each
other to forma saturated or unsaturated hydrocarbon ring having 3 to 30
carbon atons; 5X3, X4, X5, Y3, Y4 and Y5 each independently represent any
one selected fromthe group consisting of a hydrogen atom a 01-030 al kyl
group, a hal ogen atom a 01-030 al koxy group, a C6-C30 aryl group, a

t hi oph , 01-030_t hi oal k. . , 01-020 .
2l koxycar BTl ML kb GTouR At 10 Kool Hal e T riordol’ Ans 277 of the

o o€, B4 SN SPLBSENLs GRCECED, o J80Z0AER DUROBEML | NG 2, N (27
represented bystihe Tolh o 0oL onmml & (RAka ARl e caly Ranpa 24]
atoms;

5 X3, Xy, X5, Y3, Y4 and Yy each indeperndently represent
any one selected from the group consisting of a hydrogen
atom, a Cy-Ciyg alkyl group, a halogen atom, a C;-Ci3p alkoxny
group, a Cs=C3p aryl group, a thiophenoxy group, a C3-Cso
thioalkoxy group, a C1-Cy alkoxycarbonylmethoxy group, and

10  combinatiocns thereof; and
Zz of the anionic moliety represents OSC,CF3, 050,C4Fs,
050:CgF17, N(CF3) 2, N{CoFs)z, N(C4Fg)a, C(CF3)3, C(CaFs)s, C(CyFq) 3,
or a functional group represented by the following formula
(24):

i5 [{Chemical Formula 24]

ﬁ T H,

Y
- O”’“ﬁ“"(;}_ O—=W—(Walo—(Wy)p-W,
Vs
wherein in the formula (24),
Vy and Vy each independently represent a halogen atom;
Wy represents -{C=0)- or —-(30:)-;
20 W; represents a C;-Cyp alkanediyl group:;
Wy represents any one selected from the group
consisting of a C3-Ci cycloalkyl group, a Ce~Cip aryl group,

a Cy—-Cyo aralkyl group, a Cs—Ci aryloxy group, a Cs~Cip

20



OWVi IllH- 0-S-C-a-W-OAN2)o - (W3)P -W 111 Ov2 wherein in the formul a
(24), V1 and V2 each independently represent a hal ogen atom WL represents
-(0=0)- or -(SQ2)-; 20W2 represents a 01-010 al kanediyi group; \B
represents any one selected fromthe group consisting of a 03-030

cycl oal kyl group, a C6-C20 aryl group, a 07-030 aral kyl group, a 06-030
aryl oxy group, a 06-030 arylthio group, and a C5-030 heterocyclic group;
W represents any one selected fromgroup consisting of a hydrogen atom a
hal ogen atom a Cl1-Cl10 al kyl group, a Cl-Cl0 al koxy group, a d-Ci10

hal oal kyl group, a d-Cl10 5 al kylthio group, a C6-030 aryl group, and
;ﬁn?h?gggggf%%ﬂféq$%©§§rr§<5q;%ﬂ5%h?qﬁ%gf%¥¥cf¥c(%fgﬁgf and p represents

W; represents any one selected from group consisting
of a hydrogen atom, a halecgen atom, a C;~Ciy alkyl group, a
C1—-Cyg alkoxy group, a C1-Cip haloalkyl group, a Ci~Cig

5 alkyithio group, a Cz-Ci aryl group, and combinations
thereof;

¢ represents an integer of ¢ or 1; and

p represents an integer from 0 to 2,

The acid generator may be included in the resist

16 composition in an amount of 0.3 parts to 10 parts by
weight relative to 100 parts of the total scolids content
in the resist composition.

The resist composition may include an additive
selected from the group consisting of an alkali

15 disscolution suppressing agent, an acid diffusion
suppressing agent, a surfactant, and mixtures thereof.

A method for forming a resist pattern according to
ancther aspect of the present invention includes a step of
applying the resist composition on a substrate to form a

20  resist film; a step of heat treating the resist film and
then exposing the resist film in a predetermined pattern;
and a step of developing the exposed resist pattern.

The exposure step may be carried cut by using a light
source selected from the group consisting of a KrF excimer

25 laser, an ArF excimer laser, an extreme ultraviolet laser,
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The acid generator nmay be included in the resist 10 conposition in an
anmpunt of 0.3 parts to 10 parts by weight relative to 100 parts of the
total solids content in the resist conposition. The resi st

conposi tion nmay include an additive selected fromthe group consisting of
an al kali 15 dissolution suppressing agent, an acid diffusion suppressing
agent, a surfactant, and m xtures thereof. A nethod for formng a
resist pattern according to another aspect of the present invention
includes a step of applying the resist conposition on a substrate to forma
20 resist film a step of heat treating the resist filmand then exposing
t he reS|sg filmin % red termned pattern; and a step of devel oping the
exposed resi&¥® pa?? QCt?ﬂ% B %Bsure step may be carried out by using

a |light sour cey ted fromt r oup._con tlng 0 Kr F exci mer 25l aser,
an ArF ex0|nerEﬁ§§€$ qe%%&r ﬁk&%h%ﬁéﬁﬁ) tdSe P %er8§§seaﬁd an

el ectron pseg;tggﬁ%ﬂf ber B, oL, gLher, etf‘r?eodf TereTeh el

i nvention e descri omnng ion of the

| nvent i onge 5The;, addh ti ve. f0r s esh sto@ccording to the present

5 The additive for resist according to the present
invention can suppress, when applied to a resist
composition, leaching caused by water during the exposure
of an immersion lithographic process, by increasing the
hydrophobicity of the surface of a resist film, and can

10 form & fine resist pattern having excellent sensitivity

and resolution.

DESCRIPTICN OF THE PREFERRED EMBODIMENTS
Hereinafter, embodiments of the present invention
15 will be described in detail. However, these embodiments
are suggested only for illustrative purposes, and the
present invention is not intended to be limited thereto.
The present invention is defined only by the scope of the
claims that will be described below.

20 Unless particularly stated otherwise, the term "halo-
" or "halogen atom" as used herein refers to any one
selected from the group consisting of fluorine, chlorine,

bromine, and icdine.

Unless particularly stated otherwise, the prefix

25 "hetero~" as used herein means that one to three carbon
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i nvention can suppress, when applied to a resist conposition, |eaching
caused by water during the exposure of an imersion |ithographic process,
by increasing the hydrophobicity of the surface of a resist film and can
10 forma fine resist pattern having excellent sensitivity and resol ution.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Her ei nafter, enbodi nents of the
present invention 15 will be described in detail. However, these
enbodi ments are suggested only for illustrative purposes, and the present
invention is not intended to be limted thereto. The present invention is
defined only by the scope of the clains that will be described bel ow
20Unl ess gfrticular[gbstated %thermige, the term"hal o- " or "hal ogen atonf
as used ha3F8f'R PEFe?SPE ol HAVEOMY ot bttt From e gibdy EoridiSst i ng of
fluorine, chlorine and iodin&u Unl ess particularly

r -

. brom ne (
stated ot iYW se the prerik %%?K?ﬁﬁQe " AN et fédnd that one to
three Cargg{})fpﬁ??ﬁ%%g bst it s e(gi%g(l?lhegb%[ &%t?%s?asljﬁl}’gcﬁg’éﬁom t he group

consi sting ogen (N), oxygen _ _ orus (P). For
oo o oS Thel LN TR % 0 R LD e 8, g b
het er gat 0B pbR| Pt iyl anty sjatgd pthenwse e dhg @) k!

heterocatoms.

Unless particularly stated otherwise, the "alkyl
group” as used herein means a linear or branched alkyl
group having 1 to 30 carbon atoms, and the alkyl group

10 includes a primary alkyl group, a secondary alkyl group,
and a tertiary alkyl group. Specific examples of the
alkyl group include, but are not limited to, a methyl
group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl group, and a t-butyl group.

15 Unless particularly stated otherwise, the "cycloalkyl
group" as used herein means a cycloalkyl group having 3 to
30 carbon atoms, and the cycloalkyl group includes a
monocyclic group, a bicyclic group, a tricyclic group, and
a tetracyclic group. Furthermore, an adamantyl group, a

20 norbornyl group, and a polycyclic cycloalkyl group
containing a norbornyl group are also included in the
range of the cycloalkyl group.

Unless particularly stated otherwise, the "alkanediyl

group" as used herein means a divalent atomic group

25 obtainable by extracting two hydrogen atoms from an alkane,
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group” as used herein nmeans a |linear or branched al kyl group having 1 to 30
carbon atons, and the al kyl group 10 includes a primary al kyl group, a
secondary al kyl group, and a tertiary alkyl group. Specific exanples of the
al kyl group include, but are not limted to, a nethyl group, an ethyl

group, a propyl group, an isopropyl group, a butyl group, an isobutyl

group, and a t-butyl group. 15Unless particularly stated otherw se, the
"cycl oal kyl group" as used herein neans a cycl oal kyl group having 3 to 30
carbon atons, and the cycl oal kyl group includes a nonocyclic group, a
bicyclic group, a tricyclic group, and a tetracyclic group. Furthernore, an

s SUOKR & JpPELOBLI FiouR. 208 polyoyclTe xel ol b roup
cyel ool ok 9EOM ), org ) CBe PRILLEMLA] ool of e s

ookl nabl g by SALSPLINR, P SycLonen, 2ol [AmAY gl gy be
eans 2 RSOl aemie, Sou sl s PLpas e LV coen o om

particgularly Qk@kﬁgs%kﬂﬁﬁ%ﬁﬁ%m&%h%t%%%ﬂ|o@%%%@is@?aﬁﬁea"g&gﬁp containing a
benzene ring, or a derivative thereof. Exanples thereof 1 ntlude a group

derived fgeampbolmenes of gd@nesondh With AmhalAHe Siidg,chain i s bonded to a
benzene ring; a group derived from
derivative thereof. Examples thereof include a group
derived from toluene or xylene, in which an alkyl side
chain is bonded to a benzene ring; a group derived from
10 biphenyl, in which two or more benzene rings are linked
via single bonds; a group derived from fluorene, xanthenes
or anthraquinone, in which two or more benzene rings are
linked via a cyclealkyl group or a heterocycloalkyl group;
and a group derived from naphthalene or anthracene, in
15 which two or more benzene rings are fused. Unless
particularly stated otherwise, the aryl group as used
herein means an aryl group having 6 to 30 carbon atoms.
Unless particularly stated otherwise, the
"hydrocarbon group”" as used herein means a monovalent
20 hydrocarbon group which is composed of carbon and hydrogen
only, and contains 3 to 20 carbon atoms. Examples of the
hydrocarbon group include aliphatic chain-like and
branched hydrocarbon groups, and alicyclic hydrocarbon

groups. Specific examples thereof include a hexyl group,

25 a heptyl group, an octyl group, a nonyl group, a decyl
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10 bi phenyl, in which two or nore benzene rings are |linked via single
bonds; a group derived fromfluorene, xanthenes or anthraquinone, in which
two or nore benzene rings are |inked via a cycloal kyl group or a

het er ocycl oal kyl group; and a group derived from napht hal ene or anthracene,
in 15 which two or nore benzene rings are fused. Unless particularly stated
ot herwi se, the aryl group as used herein neans an aryl group having 6 to 30
carbon atons. Unless particularly stated otherw se, the "hydrocarbon group"
as used herein neans a nonoval ent 20 hydrocarbon group which is conposed of
carbon and hydrogen only, and contains 3 to 20 carbon atons. Exanpl es of

t he hydrocarbon rougdinc ude aliph%%i c@gin-like and hranched hydrocar bon
gr oups, a%ﬁO%Pic%EI? fydr otarBon Yr ?é%ﬁy i ¢ exatimiesther eof i ncl ude

aroup aniingseyt Broup & Qoteeyt B s Aty e andefl et B phenyl
o pnenytiacryr Bratied {7l B Sroute A R SR0RY. & DiBheny
The "het or oEyaT £ o oubh “he Med’ Kareih noane a eyoI K Vad 6l Having 4 to
20 rimg- cONgt At 4k bHing, @t up n which one or nore (for exanple, 1, 2, 3 or
4) carbon atons are 10substituted by heteroatons (for exanple, N, 0, P or
S). Unless particularly stated otherwise, the
"heterocyclic group" as used herein means a cyclic radical
having 4 to 20 ring-constituting atoms, in which one or
more (for example, 1, 2, 3 or 4) carbon atoms are
10 substituted by heteroatoms (for example, N, O, P or S).
The term "heterocyclic" includes a saturated ring, a
partially unsaturated ring, and an arcomatic ring {(that is,
a heteroaromatic ring), and also includes cyclic aromatic
radicals in which the heterocatoms in the ring are oxidized
15  or guaternized, so that the compound forms, for example,
an N-oxide or a quaternary salt. A substituted
heterocyclic group contains a heterocyclic ring
substituted with, for example, any arbitrary substituent
disclosed in the present application, including a carbonyl
20 group.
Examples of the heterocyclic group include, but are
not limited to, pyridyl, dihydropyridyl, tetrahydropyridyl
(piperidyl), thiazolyl, tetrahydrothiophenyl,
tetrahydrothiophenyl sulfate, pyrimidinyl, furanyl,

25 thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,

25



The term "heterocyclic" includes a saturated ring, a partially unsaturated
ring, and an aromatic ring (that is, a heteroaromatic ring), and al so

i ncludes cyclic aromatic radicals in which the heteroatons in the ring are
oxi dized 15 or quaternized, so that the compound forns, for exanple, an
N-oxi de or a quaternary salt. A substituted heterocyclic group contains a
heterocyclic ring substituted with, for exanple, any arbitrary substituent
di sclosed in the present application, including a carbonyl 20group.
Exanpl es of the heterocyclic group include, but are not limted to,
pyridyl, dihydropyridyl tetrahydropyridyl (piperidyl) t hi azol yl ,

tetrahydrothl hen r ah t o enyl fate, rlnldlnyl furanyl
25 t hi enyt ‘?? l dsléfﬁﬁg1%1 gzoPﬁFi étré?gpépny benzofuranyl
thlanaphthale |ndo |noI|n |so U|n lLin

|
benzi m daZzol Mﬁyﬁerldxﬁhfl iﬂy dﬁV@az WFOIP& ﬁ§ﬂ l?yéyrﬁolldony
pyrrolinyl pcttelt({c?fg%/ %ﬁrrgﬂyl dqufxr/? rr?’_%lfl_llr(]i%ln qyl %{rmlm

tetrahydr0|squ| eca I|nyI r0|soq¥|holinyl

azoci nyl ¢ &8zl dﬁﬁﬁ rah%ﬁﬂkthﬂkﬁﬁt 1 l,6H—1 5, 2-di thi azi nyl,

t hi enyl, thlanthreny uranyl’, chromenyl, xanthenyl

phenoxat mwﬂah@%&ysrd@molﬂn%ﬂt hl@zﬁ@d’ro&lﬁ%&% hyl, pyrazinyl,
pyridazi nyl, indolizinyl, isoindolyl i ndol yI, H—|ndazonI purlnyl

4Hqui nol |C£Htr%ydz:¥8‘ﬂ AW yInaphdarddi, nstlr,laq%pqxalsmnxlg gui nazol i nyl ,
ci nnolinyl, pteridinyl, 4aH—carbazonI carbazoly P-carbol i nyl ,
phenanthrunhaudazxnyu(ﬁgmwaﬁwh5Epypknhﬁu@yhnyghem@@@h@ql|nyI phenazinyl,

phenot hi azi nyl, furazanyl, phenoxazinyl, isochromanyl, chronanyl
|nldazol|uhﬂqﬂthnanykyuﬁynaﬂy;,pymaunénszmwbnypyrah@bm@myl,p|pera2|nyI,
i ndol i nyl, isoindolinyl, quinuclidinyl, norpholinyl, oxazolidinyl,

benzot ri azoltignenzitsoxazalhyinyl, 2H-pyrrolyl, isothiazolyl,

16 isoxazolyl, pyrazinyl, pyridazinyl, indelizinyl,
isoindelyl, 3H-indolyl, 1lH-indazolyl, purinyl, 4H-
quinolidinyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl,
carbazolyl, P-~carbolinyl, phenanthridinyl, acridinyl,

15  pyrimidinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl,
piperazinyl, indolinyl, isoindolinyl, quinuclidinyl,
morpholinyl, oxazolidinyl, benzotriazelyl, benzisoxazolyl,

20  oxindolyl, benzoxazolinyl, isatinoyl, bistetrahydrofuranyl
(these may be respectively substituted or unsubstituted),
and corresponding N-oxides thereof (for example, pyridyl
N-oxide, and quinolinyl N-oxide), or guaternary salts
thereof.

25 Unless particularly stated otherwise, all the
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20 oxi ndolyl, benzoxazolinyl, isatinoyl, bistetrahydrofuranyl (these may be
respectively substituted or unsubstituted), and correspondi ng N-oxi des

t hereof (for exanple, pyridyl N oxide, and quinolinyl N oxide), or
guaternary salts thereof. 25Unless particularly stated otherw se, all the
conpounds and substituents as used herein may be substituted or
unsubstituted. Here, the term "substituted" neans that a hydrogen atomis
replaced with any one selected fromthe group consisting of a halogen 5
atom a hydroxyl group, a carboxyl group, a cyano group, a nitro group, an
am no group, a thio group, a nmethylthio group, an al koxy group, a nitrile

group, an_al dehyde group, an epoxy group, an ether group, an ester group, a
car bonyl %?%%91){&% %&‘gtg‘fb bﬂ%n%s kaestdﬁ“e@‘gr}tﬁfﬁl%ﬁlaé/l KA group, a 10
perfluoroal kyl.group, a cycloal kyl grou a heterogcycl oal kyl group, an

al lyl gro%%?g%%%%h%@l?ﬁr%d%#“%ﬁﬁﬂkéggr3ﬁﬁf”aq%§igf%gfyl group, derivatives
ot her wi o T8 e Pl mnEshbi Mt ohe THarkar - e dsod PGt Heafs. that fwo
or nore sybstituents | 4 - ' - r | i, nki group, or
two or rmé#g?subst?% u%%ésed afre ﬂ“sheédaq%og\gjt hr%rn%l%%rﬁgoo"ﬁaa Ih%kit gmcase of

|t hogr anhy o et hog The: S Tbr i A Conpourd ot AES TR TRE Fesi st
filmis dissedveoiy, the sater pnolosed DEREN R, ProkRH AR HigNs
group, an alkoxy greoup, a nitrile group, an aldehyde group,
an epoxy group, an ether group, an ester group, a carbonyl
group, an acetal group, a ketcone group, an alkyl group, a
10  perfluorocalkyl group, a cycloalkyl group, a
heterocycloalkyl group, an allyl group, a benzyl group, an
aryl group, a heterocaryl group, derivatives thereof, and
combinations thereof,
Furthermore, unless particularly stated otherwise,
15 the term "combinations thereof" as used herein means that
two or more substituents are linked via a single bond or a
linking group, or two or more substituents are fused
together.
In the case of forming a resist pattern by using a
20  conventional ArF immersion lithographic method, the acid
or amine compound contained in the resist film is
dissolved in the water enclosed between a projection lens
and a wafer substrate, and thereby, there occurred

problems such as contamination of the projection lens,

25 pattern destruction caused by shape change or swelling of

27



and a wafer substrate, and thereby, there occurred problens such as

contam nation of the projection |lens, 25 pattern destruction caused by
shape change or swelling of a resist pattern, and various defective
phenonena such as bubbl e defects or watermark defects. In this
regard, the inventors of the present invention found that fine patterns can
be formed, without 5 the occurrence of any defective phenonena, by
introducing a cyclic structure conposed of mal eic anhydride and a

nor bornene derivative into the main chain of a copolynmer as an additive for
t he photoresist conposition to enhance etching resistance; introducing a

hydr ophobi c_group into a 10 side chain of_ a repeating unit to_increase
hydrophoﬁ?cﬁ%%ﬁéﬁ)Q%&§%ﬁﬂ¢zﬁﬂ§(ﬁa%%ﬁyﬁeéé%ﬁcqﬁIﬁnp e "éj FECHf *Exposur e,
and to s chi caused by wa t the tinme of an i mrersion
l'ithograp |59%$6%%§%§L%$hﬁeﬁgﬁﬁ§ %ﬁﬁwﬁﬁ%ﬁﬁi?'group is converted to a

hydr ophi lic gqgughgg g%§a&hneggg }%vg%¥%kgpgﬁrggfﬁggegégkb!ts solubility in

a devel opi ng i qui int'roduci ng an “aci group into a side chain

of a repeafjdig: W trdithd NGL2SE ROLHAII L% 10,21 aldalde (deyelapipg |iquid

at the time of developnent. Thus, the inventors of the pfesent I'nvention
conpl st ed: Hher 20: FasaNto f NHANHLORctive pHMorleha,t B addibhveifgr resist

according to an enbodi ment of the present invention i's a multi-conponent
copol ynera repyliesenwddynddhedgld-eu ng henmila ahhyddideerahgal Fornula 1]
norpornene derivative into the main chain of a copolymer
as an additive for the photoresist composition to enhance
etching resistance; introducing a hydrophobic group into a
10 side chain of a repeating unit to increase hydrophobicity
of the surface of the resist film at the time of exposure,
and to suppress leaching caused by water at the time of an
immersion lithographic process, while the hydrophobic
group is converted to a hydrophilic group at the time of
15 develcpment, and exhibits solubility in a developing
liquid; and introducing an acid-labile group into a side
chain of a repeating unit to increase solubility in an
alkali develcoping liquid at the time of development. Thus,
the inventors of the present invention completed the
20  present invention.
That is, the additive for resist according to an
embodiment of the present invention is a multi-component
copolymer represented by the following formula (1):

[Chemical Formula 1)

28



0 R'R4 wherein in the fornmula (1), R, R' and R'' each independently
represent a group selected fromthe group consisting of a hydrogen atom a
5 C1-C4 al kyl group, a halogen atom and a C -C4 hal oal kyl group in which
one of the hydrogen atons of an al kyl group is substituted by a hal ogen
atom RI and R2 each independently represent a hydrogen atom or a
01-C8 al kyl group; 10R3 represents a group selected fromthe group

consi sting of a hydrogen atom and functional groups represented by the
following formulas (2) and (3): [Chemical Fornula 2] R 22 ol, R93

15[ Chem cal Formula 3] \COp ip -31

Ry . R

! g ;\ s | to ‘ Q);“G i
X Ay
R, R

R R
Rl’l Rﬂ{ 3

wherein in the formula (1),

R', R" and R"' each independently represent a group
selected from the group consisting of a hydrogen atom, a

> Cy-Cy alkyl group, a halogen atom, and a C,-C4y haloalkyl

group in which one of the hydrogen atoms of an alkyl group
is substituted by a halogen atom;

R; and R; each independently represent a hydrogen atom
or a C;-Cg alkyl group;

10 R; represents a group selected from the group

consisting of a hydrogen atom and functional groups

represented by the fellowing formulas (2) and (3):

[Chemical Formula 2]

wherein in the formulas (2) and (3}, Ry represents a
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R32 fo R33 wherein in the fornmulas (2) and (3), Rn represents a hydrogen
atom or a hydroxyl-protecting group selected fromthe group consisting of
a Cl-Cn al kyl group, a (01-C20 al koxy) al kyl group, a C3-C30 cycl oal kyl
group, a fornyl group, a (Cl-C20 al kyl)carbonyl group, a (C3-C30 5

cycl oal kyl ) carbonyl group, a (Cl-C20 al kyl)carboxyl group, and a (C3-C30
cycl oal kyl ) car boxyl group; Rn represents a hydrophobic group sel ected
fromthe group consisting of a Cl-C20 hal oal kyl group, an organosilicon
group and a C3-C20 hydrocarbon group, such 10 that if Rn represents an
organosilicon group, p represents 0, while if Rn represents a Cl-C20

hal oal kyl, group or a 0320 hydrocar bo roup, p represents 1; R22 and R32
each inde%gﬂﬁ%%?Tyé}%%fe%%H%qﬁwéﬁQﬁﬁigﬁk?ﬁégﬁPﬁq(ﬂﬁqqﬂa%ﬁ%ﬁﬂfqgonsisting of
Pet o7 oal kARG 1 oY B “H0CSL t50 et orioal koriedi Y1V roURP 4 “CA-cat
cLeLonkaneEL SLOUP A GO SHE ST, N e cup: 20m
and R33 eagch,p ndependent |y, (ePresal, @ aclds | abilE.c,,
5 cycloalkyl)carbonyl group, a (C;-Cy alkyl)carboxyl group,
and a (C3~Cszp cycloalkyl)carboxyl group;
R3; represents a hydrophobic group selected from the
group consisting of a C;~Cyp haloalkyl group, an
organosilicon group and a C3~Cs hydrocarbon group, such
10 that if Rs represents an organosilicon group, p represents
0, while if Ry represents a C)-Cyo haloalkyl group or a Cs-
Coo hydrocarbon group, p represents 1;
Rzz and Ry each independently represent a group
selected from the group consisting of a Ci-Cyy alkanediyl
i5 group, a Cpy~Cyy alkenediyl group, a C1-Cs hetercalkanediyl
group, a CTz~Cay heterocalkenediyl group, a C3;—Cyg
cycloalkanediyl group, a C3-Csp cycloalkenediyl group, a Co-
Czp heterocycloalkanediyl group, and a C3~Cap
heterocycloalkenediyl group:

20 Ry3 and Ri3 each independently represent an acid-labile

r

Y
\LRe
“.

Ra™ 4
group selected from the group consisting of Ro Ra

o
FRTMO
{Rdfﬂ;#g>

and YoMY D yherein Ra, Ry, Re and Ry each independently
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rfCr Pc P RaRb Ra Rb group selected fromthe group consisting of

(Relc-Cti,x and, wherein Ra, Rbr Re and Rd each independently represent a
a 03-030

group selected fromthe group consisting of a Cl-C20 al kyl group,
cycl oal kyl group, a (C1-010 al kyl)cycl oal kyl group, a hydroxyal ky
01- 020 al koxy group, a (01-010 al koxy)al kyl group, an acetyl grou
acetyl al kyl group, a carboxyl group, a (C 0o al kyl)carboxyl group
(03-018 cycl oal kyl ) carboxyl group, and a C3-C30 heterocycl oal kyl

adj acent groups nmay be bonded to each other to forma 03-030 saturated or
unsat urated hydrocarbon ring or a C2-030 heterocyclic 10 group;

represents_an i

10

15

20

25

fepres grouip se e group consisting o
C1-Cszp alkyl group, a C3-Cip cycloalkyl group, a (Ci;—-Ciy
alkyl)cycloalkyl group, a hydroxyalkyl group, a Ci;~Cag
alkoxy group, a (C3-Cyjp alkoxy)alkyl group, an acetyl gro
an acetylalkyl group, a carboxyl group, a (C1-Cyq

alkyl)carboxyl group, a (C3;-Ciy cycloalkyl)carboxyl group,

| group
p, 5 an
, a
group,

X

E%g%wfrmnOﬂ%éhyﬁ§w%§musan|Me r.HO@%tolm

up,

and a C3-C3p heterocycloalkyl group, or adjacent groups may

be bonded to each other to form a C3-C3; saturated or
unsaturated hydrocarbon ring or a C;-Csp heterocyclic
group;

X represents an integer from 0 to 3; y represents an
integer from 0 to 10;

Ry represents a hydrophobic group selected from the
group consisting of a C;-Cyy haloalkyl group, an
organosilicon group, and a C3-Cyy hydrocarbon group;

Ry represents a group selected from the group
consisting of a hydrogen atom, a C;-Cyy alkyl group, a C,-
Cao alkenyl group, a C3;-Csp cycloalkyl group, a C3—Cip
cycloalkenyl group, a Cg-Cip aryl group, a Ci—Cag
heteroalkyl group, a C;-Ci heterocyclic group, and
combinations thereof;

1, m, n and o respectively represent the proportions
of corresponding repeating units in the main chain, such
that l+m+nt+o = 1, while 0 < 1/{l+m+n+o) < 0.9, 0.2 <

m/ (L+min+o) < 0.9, 0 £ n/(l+mtnto) < 0.9, and 0 <
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R4 represents a hydrophobic group selected fromthe group consisting of a
01- 020 hal oal kyl group, an 15 organosilicon group, and a C3-020 hydrocarbon
group; R5 represents a group selected fromthe group consisting of
a hydrogen atom a 01-020 al kyl group, a 02- 020 al kenyl group, a 03-030
cycl oal kyl group, a 03-030 cycl oal kenyl group, a 06-C30 aryl group, a
01-020 20 heteroal kyl group, a 02-030 heterocyclic group, and conbi nati ons
t her eof ; 1, m n and o respectively represent the proportions of
correspondi ng repeating units in the main chain, such that |+mm+o = 1,
while 0 < 1/(1+mtn+0) < 0.9, 0.2 < 25m (1+mm+0) < 0.9, 0 5 n/(1+mtn+o0) <
resents a

0.9, d o0 +mtn+ < 0.9,. provided that when R3 re
hydroggn %&g%ﬁﬁ#éé?%u%é?%%né%“ﬁ?é%ﬁgﬁ%ﬁ?éé@ﬁ?b&ﬁbﬁePa?ﬁﬁ? S(2), nis not O;

and p re ~dnteger of Q.or 1. 5Specifically, inthe fornula (1),
it is pre ﬁﬁﬁ% ?%La(‘lt)rQF?? %?‘Puanncguﬁnalbeqre(gu idégenaett By gfé)lrgféf?éd from
t he group nsi sid fna rogen atom a nethyl group, a fluoro group,
and a tri%%ﬁbroﬁﬁ%ﬁ%ﬁQQ%bJ%¥gand R, R and R'* are nore preferably

hydrogen atomg, 100 dhe f ghmybacgl), ot of § preferable that RL and R each
i ndependently represent a hydrogen atomor a Cl-04 al kyl group, and nore

preferably a hydiagen.atgm af aneeiBylhugkoun, I ncthe ferpula,{(d). R3
represents a hydrogen atomor a
that R', R" and R"' be each independently selected from
the group consisting cf a hydrogen atom, a methyl group, a
fluoro group, and a trifluoromethyl group, and R', R" and
R"'" are mcre preferably hydrogen atons.

10 In the formula (1), it is preferable that R; and Rs
each independently represent a hydrogen atom or a C1-C4
alkyl group, and more preferably a hydrogen atom or a
methyl group.

In the formula {1), Rs represents a hydrogen atom or a

15 functional group having a structure represented by the
above formula (2), and 1, m, n and o respectively
represent the proportiocns of corresponding repeating units
in the main chain, such that l+m+n+o = 1, while 0 <
L/ {l+mtn+o) < 0.9, 0.2 < m/(l+m+n+o) < 0.9, 0 <

20 n/(l+4min+o) < 0.9, and C £ o/ (l+minto) < 0.9.

Furthermore, in the formula (1), R; represents a
hydrogen atom or a functional group having a structure
represented by the above formula (3), and 1, m, n and o
respectively represent the proportions of corresponding

25 repeating units in the main chain, such that l+m+n+o = 1,
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15 functional group having a structure represented by the above formul a
(2), and 1, m n and o respectively represent the proportions of
correspondi ng repeating units in the main chain, such that |+mtn+o = 1,
while 0 < 1/(1+mtn+0) < 0.9, 0.2 < m (1+mtn+0) < 0.9, 0 < 20n/(1+mtn+o) <
0.9, and 0o/ (1+mtn+0) < 0.9. Furthernore, in the formula (1), R3 represents
a hydrogen atomor a functional group having a structure represented by the
above formula (3), and 1, m n and o respectively represent the proportions
of corresponding 25 repeating units in the main chain, such that | +mtn+o =
1, while 0 < 1/(1+mn+0) < 0.9, 0.2 < mM(1+m-n+0) < 0.9, O n/(1lIlim+0) <
0.9, and . ol (1+ -0) < 0.9 In the formula (1), when R3
represent@hél?uﬁ %'%yg?g@T%ﬁ% ' havd ng Os%r%d?ﬁ?%”?@bﬁﬁsé%(%&%bﬁ}F%e fornul a
(2) or 5¢( pr ef er abl | ect fron1the roup consisting of a

01- C10 alﬁ)ﬁlg%o%%$ a( létiﬁx% §d§j3ﬁﬁkvnra(8up,% % -C14 nonocyclic

cycl oal kyl group,qa L8 pigycli o] p Ltricyclic
cycl oal kyl groupf:a gﬁb C36pt@¥rag§§%?ggcggﬁ gﬁfyg?oﬁ%§é91§§$nyl group, a

(Cl- 10C19&kh yﬂlwﬁﬁ@%y&tﬂu@wﬁoa}:é&’e%ﬁ&y%oaéﬁ%ylﬁo%ﬁﬁ%nyd rQup, a
(C1-C10 al kyl) carboxyl group, and (C3-Cl0 cycloal kyl) car boxyl group, and

nore pref ezppl .. sekeptedebrpm,t Bél@&@é‘@ ﬁﬁ&ﬁlﬁﬁén% r &hp 808 Myt i gE oup, an
acetyl group, a nethoxynethyl group, a t-butylcarbonyl group, a
of a C;-Cyy alkyl group, a (C1-Cip alkoxy)alkyl group, a Cs-
Ciq monocyclic cycloalkyl group, a Cg—Cig bicyclic
cycloalkyl group, a C1g-Cy tricyclic cyclealkyl group, a
C10-Cs0 tetracyclic cycloalkyl group, a formyl group, a (Ci-
10 Cyp alkyl)carbonyl group, a (C3-Cig cycloalkyl)carbonyl
group, a (Cy-Cy alkyl)carboxyl group, and (Cz-Cig
cycloalkyl)carboxyl group, and more preferably selected
from the group consisting of a formyl group, an acetyl
group, a methoxymethyl group, a t-butylcarbonyl group, a
15 t-butyloxycarbonyl group, a cyclohexylcarbonyl group, a
cyclopentylcarbonyl group, a cyclooctylcarbonyl group, an
adamantylcarbonyl group, and a
bicyclo[2,2,1}heptylmethylcarbonyl group.
Furthermore, Rz is preferably selected from the group
20 consisting of a Ci~Cie fluoroalkyl group, a silyl group, a
Ci1~Cio alkylsilyl group, a C3-Cip chain-like or branched
alkyl group, a C3-Ciyy monocyclic cyclealkyl group, a Cg—Cig
bicyclic cycloalkyl group, a Cip-Ci tricyclic cycleoalkyl
group, and a C;p—Czp tetracyclic cyclealkyl group, and more

25 preferably selected from the group consisting of a t-butyl
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115 t- butyl oxycarbonyl group, a cycl ohexyl carbonyl group, a

cycl opentyl carbonyl group, a cyclooctyl carbonyl group, an adanantyl carbonyl
group, and a bicycl o[ 2, 2, 1] heptyl met hyl carbonyi group. Furthernore, R32 is
preferably selected fromthe group 20consisting of a Cl1-Cl10 fl uoroal kyl
group, a silyl group, a Cl-Cl0 al kylsilyl group, a C3-Cl10 chain-like or
branched al kyl group, a C3-Cl4 nonocyclic cycl oal kyl group, a C8-C18

bi cyclic cycl oal kyl group, a Cl10-C30 tricyclic cycloal kyl group, and a
C10-C30 tetracyclic cycloal kyl group, and nore 25 preferably selected from
the group consisting of a t-butyl group, a trifluoronethyl group, a
trimet hyl si

I di (trifl thyl ). s | .
bent af | o) beTRy To oF Db o A S D Tbr b HeoTe R RuiHekore, Re2 and
R32 h,_i 5 I | ected f th i sti
o7 a 05 00b it R RO b RS B e A o i Log Yy ot St e
het | k iyl i : di vyl , C3-Cn
oyl ol kb Y o e B e BT o sup P 02 s
heterocycloa|&@nqqkﬁhwgkgu@bzqﬂqjaR%BagQBQQthgggéﬁgygé iyenediyl group,

and nore preferably selected fromthe group consisting of hethylene,

et hyl isdengye ps Ryl § denescddd netdly | ane, o L 8td aptdndang, Jent @géggyl ene,
hexanet hyl ene, hept anet hyl ene, 2, 2-di net hyl pent anet hyl ene, - -, -OH
(01)-, -COrkandOOFR-gro@POHRCH2<, ; -LOlddrdt0H2-g )H2r Q- CH2CH2-
-0H20142- 0- OH2-, -O0H2-0- CH2CH2CH2-, - CH2CH2-0- CH2CH2- , - OH20H20H2- O0- OH2-
, -C (CH)2O0d=d@2tkgnedd¥ GH)uiH2x .C~-C1y heteroalkenediyl group, a

C3~Cig cycloalkanediyl group, a C3-Cig cycloalkenediyl group,

a Cp;~Cyg heterocyclealkanediyl group, and a C3;~Cig

10  heterocycloalkenediyl group, and more preferably selected
from the group consisting of methylene, ethylidene,
propylidene, trimethylene, tetramethylene, pentamethylene,
hexamethylene, heptamethylene, 2,2-dimethylpentamethylene,
-QCHg~, ~OCH(Cl)-, -C0-, ~-COCH;-, ~COCHCHz~, -CH,-0-CHs-, -

15 CH;-0-CH;CHz~, -CHCH;-0-CHy~, -CHp=0-CH2CH2CHz~, ~CH,CH,-0O-
CH2CHy~, ~CH;CH2CHo-0O-CHy—, -C{CHj)CHz~, ~CH{CH3)CHy-, -

CH(CHzCH3) -, -CH{OCH3}-, -C(CI3) (OCH3)-, -CH;-S-CHp~, -CHp~S~
CHaCHy—, -CH3CH;-S-CHy~, -~CHy~S8~CH,CH,CH,—-, -CH;CH;—S-CHyCH>—,
~CH2CHCHy~8~CHy—, —-CH{CH3)CH~, ~C{CH,CHz)-, -CH,CO~, -

20 CHoCHpCO-, —CH(CHjz) CHaCO-, —-CH(CH)~, ~C{OH) (CH3}-, -CH(F)-,
-CH{Br)~-, -CH(Br)CH(Br)-, -CH=CH-, -CH;CH=CH-, -CH=CHCH,-,
—CH=CHCO-, ~CyHg—- and -CigHys~.

Furthermore, R23 and R33 are each independently an

acid-labile group selected from the group consisting of
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CH (CH2CH3) - OH(00H3) -, -C(CFfl (00H3) -, -OH2-S-OH2-, -OH2-S- CH2CH2-,

- OH20H2- S- OH2-, - OH, - S- CH2CH2CH2-, - CH2CH2- S- CH2CH2-, . -.. CH2CH2CH7- CH2-
“CH (CH2) CH, -C (OH20H2)-CH200-, - 20CH2CH200-, -CH (CH3) CH200-, -CH
(OH)-C (OH) (CH3) - -CH ( F) -1 OH(Br)-, -OH(Br)CH(Br)-, -CH=CH,

-CH2CH=CH, -CH=CHCH2-, CH=CHCO, -071-19- and -ClOH14-. Furthernore, R23
and R33 are each independently an acid-labile group selected fromthe group
consi sting of each independently selected fromthe group consisting of a
Cl - C10 al kyl group, a C3-Cli nonocyclic cycloal kyl group, a C8-C20 bicyclic
cycl oal kyl group, a Cl0-C30 tricyclic 5 cycloal kyl group, a C10-C30
tetracyclic cycloal kyl group, a (C1l-05 al kyl)cycl oal kyl group, a

hydr oxyal k¥JL group,_a Cl- C10 alrkox¥J group, a (Cl1-05 al koxy)al kyl group, an
acetyl " grodp, Rn agetdifal kyl group; g carboxyl group, a (G -05

al kyl') car mxixl gr oup “mnd a ( CI0:.cycl oal kyl ) carboxyl 10 group, or

adj acent group% bonded to “eact othrerrdio fror nRa, sat wmat ed ere

unsat urated C6- Cl8 hydrocarbon ring or a C5-C18 heterocyclic group. X

LSa . ot e ) t f 0 to 5.
representg;an Qg adho %éP 3 ciinjﬁr epeﬁ%@ﬂﬁ Al HEYel ffom 0 to

More preferably, 1223 and are eac y an
Ci=Cio alkyl group, a C3-Cyy monocyclic cycloalkyl group, a

Cg~Cpp bicyclic cycloalkyl group, a Cio-Ciy tricyclic
5 cycloalkyl group, a Cip-Cs tetracyclic cycleoalkyl group, a
(C1-Cs alkyl)cycloalkyl group, a hydroxyalkyl group, a C-
Cio alkoxy group, a (Ci1-Cs alkoxy)alkyl group, an acetyl
group, an acetylalkyl group, a carboxyl group, a (C;-Cs
alkyl)carboxyl group, and a (C3~Cyp cycloalkyl)carboxyl
10 group, or adjacent groups may be bonded to each other to
form a saturated or unsaturated Cg-Cpp hydrocarbon ring or
a Cy=Cyg heterccyclic group. = represents an integer from
0 teo 3, and y represents a integer from 0 to 5.
More preferably, Rp; and R3; are each independently an
15 acid-labile group selected from the group consisting of a
t-butyl group, a trimethylsilyl group, a hydroxyl-2-ethyl
group, a l-methoxypropyl group, a l-methoxy-l-methylethyl
group, a l-ethoxyprepyl group, a l-ethoxy-l-methylethyl
group, & l-methoxy-l-ethyl group, a l-ethoxy-l-ethyl group,
20 a t-butoxy-2-ethyl group, a l-isobutoxy-l-ethyl group, and

groups represented by the following formulas (4a) to (4k):
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15 acid-labile group selected fromthe group consisting of a t-butyl group,
a trinmethylsilyl group, a hydroxyl-2-ethyl group, a 1-nethoxypropyl group,
a 1- et hoxy- 1- net hyl et hyl group, a 1-ethoxypropyl group, a

1- et hoxy-| - net hyl et hyl group, a 1-nethoxy-1-ethyl group, a 1-ethoxy-I-ethyl
group, 20 a t-butoxy-2-ethyl group, a 1-isobutoxy-1-ethyl group, and groups
represented by the followng fornmulas (4a) to (4k): wherein in the
formulas (4a) to (4k), R, R' and R'' are each independently selected from
the group consisting of a hydrogen atom a Cl1-Cl10 al kyl group, a C3-Cl10
cycl oal kyl 5group, a C1-00 al kylsilyl group, and a 03-013 cycl oal kyl si |yl
group; a and e each independently represent an integer fromO to 15; b
represents an integer fromO to 11; c¢ and d each indepegﬁen@ly represent an

integer fro dqlogﬁnaf represents an#i eger fromO to 7, //gRamd i each
i ndependentTy resent an integer fropro.-tR6; h represént hgg@ger

fromO to 4; c+d1l7; and 0 < c+f15 Even nore pre bl and
1133 may be each’/¥ndependently sel ecte romthe group consisting of
{4a) (4b) (4cy
M '3 R
o (R s RYO(R"e &
R : (R™)d T —R%e
: —(R")d
(4d) (de) {4f)
Rl
] (IR“)C L2} of; .
ga Rk R bm b
00
(4g) (4h) {4i)
A

S

‘R zl;éw(me

QO
2
(R
p k)
wherein in the formulas (4a) to (4k), R', R" and R"' are

each independently selected from the group consisting of a

nhydrogen atom, a C;-Ci;s alkyl group, a C3-Cip cycloalkyl

n

group, a C;~Cip alkylsilyl group, and a Ci3-Cig
cyclealkylsilyl group; a and e each independently
represent an integer from 0 to 15; b represents an integer
from 0 to 11; ¢ and d each independently represent an
integer from 0 to 9; f represents an integer from ¢ to 7;

10 g and i each independently represent an integer from 0 to
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5 noieties represented by the followng fornulas (Sa) to (5h):

(5a) (5b) (5¢c)(5d) (5e)(5 0(5g9)(5h) In the formula (1), 114 is preferably
selected fromthe group consisting of a Cl-Cl0 fluoroal kyl group, a
silyl 10group, a C-Cl10 al kyisilyl group, a C3-Cl0 chain-like or branched
al kyl group, a C3-C4 nonocyclic cycloal kyl group, a C8-018 bicyclic
cycl oal kyl group, a Cl10-C30 tricyclic cycloal kyl group, and a C10-C30
tetracyclic cycloal kyl group, and nore preferably selected fromthe group
consisting of 15 a t-butyl group, a trifluoronmethyl group, a trinethylsilyl
group, a di(trifIuoronethyl)isopropyl group, a pentafluoroethyl group, and

the f I 1 115 i f bly sel ected
a heptaf | yor opr opyl grou: 10 the. formia, (1), 135 Is preferably

0 £ c+f £ 15.
Even more preferably, Ry; and Ri; may be each
independently selected from the group consisting of

5 molieties represented by the following formulas (5a) to

(5h):
_':‘*JJ ﬁj
(5a) (5b) (5¢)
H
‘/—"/"’Lf "(l./ f Ai«—w“f ) L _ﬂ_‘_;
ST
(5e)
(sh (50) (5h)

In the formula (1), Ry is preferably selected from the

group consisting of a C;~Cys fluoroalkyl group, a silyl

10 group, a C;-Cip alkylsilyl group, a C3~Cjy chain-like or
branched alkyl group, a C3-Ci4y monocyclic cycloalkyl group,
a Cg~Cyg bicyclic cycloalkyl group, a Cip-Cy tricyclic
cycloalkyl group, and a Cyy-Cy tetracyclic cycloalkyl group,
and more preferably selected from the group consisting of

15 a t-butyl group, a trifluoromethyl group, a trimethylsilyl
group, a di({trifluoromethyl)isopropyl group, a
pentaflucroethyl group, and a heptafluoropropyl group.

In the formula (1), Rs is preferably selected from the
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group consisting of a hydrogen atom a Cl-010 al kyl group, a C2-Cl10 al kenyl
group, a C3-Cl1 nonocyclic cycloal kyl group, a C8-Cl18 bicyclic cycl oal kyl
group, a Cl10-C80 tricyclic cycloal kyl group, Cl10-C30 tetracyclic cycioal kyl
group, a 5C3-Cl18 cycl oal kenyl group, a 08-Cl18 aryl group, a C-C20

het er oal kyl group, a C2-Cl18 heterocyclic group, and conbi nations thereof.
More preferably, R5 may be an acid-labile group 014:: ORc - 'c RaARbRb
selected fromthe group consisting ofRa , and |1?T-0> (RO,, 1--,x 10, or a

| act one group selected fromthe group (Re)1ll

group consisting of a hydrogen atom, a C1~-Cy alkyl group,
a Cy;-Cyp alkenyl group, a C3~Cyy monocyclic cycleoalkyl group,
a Cg-Cig bicyclic cycloalkyl group, a Cip-Csp tricyclic
cycloalkyl group, Ci;o-Ciy tetracyclic cycloalkyl group, a

5 C3-Cig cycloalkenyl group, a Cg-Cig aryl group, a Ci~Cag
hetercalkyl group, a Cy;-Cijs heterocyclic group, and
combinations thereof.

More preferably, Rs may be an acid-labile group

M!:". ,‘RC f{‘Sl'RC

Ra"" ' Rb
selected from the group consisting of Rb  Ra ™ 4ng

fLTfO
{Rdi -, _ ‘
10 , or a lactone group selected from the group
S’S" Re 21 J\(Re>12
oo \ I} (R //{[ ,,:l (Riyw

consisting of e and Gr 0 , wherein R,, Ry,

R. and Ry are each independently selected from the group
consisting of a C;-Cyy alkyl group, a C3~Cyy cycloalkyl
group, a (C;-C;p alkyl)eycloalkyl group, a hydroxyalkyl
15 group, a C;-Cz alkoxy group, a (Ci-Cio alkoxylalkyl group,

an acetyl group, an acetylalkyl group, a carboxyl group, a
(C1-Cyo alkyl)carbexyl group, a (Cs-Cig cycloalkyl)carboxyl
group, and a Ci3~Cz heterocycloalkyl group, or adjacent
groups may be bonded to each other to form a saturated or

20 unsaturated C3-Czp hydrocarbon ring or a C;-Cs3; heterocyclic

38



/ LARek?2 1) m(ROM )--)--(R Oand consisting of, wherein R Rh, Rc
and Rd are each independently selected fromthe group consisting of a
Cl - C20 al kyl group, a C5-030 cycloal kyl group, a (Cl-Cl10 al kyl)cycl oal kyl
group, a hydroxyal kyl 15group, a O -C20 al koxy group, a (Cl1l-010

al koxy) al kyl group, an acetyl group, an acetyl al kyl group, a carboxyl
group, a (01-C10 al kyl)carboxyl group, a (C3-Cl8 cycl oal kyl ) carboxyl group,
and a C3-030 heterocycl oal kyl group, or adjacent groups nay be bonded to
each other to forma saturated or 20 unsaturated 03-030 hydrocarbon ring or
a 02-C30 heterocyclic group; Re and Re each independently represent a

G030 hydt ool ‘é%eﬁ Fnoe 3 Fepr adenr e Ri T 2%,&2?@%%% b Tt Y hepresents
?Et Iegteregﬁ5 0%7115?8 l@‘&]ﬁ% g%l%(ge%%:heaﬁ%gé% I%g yos:%itolr%sr Ito&gﬁiegtnt 28er from
0to 7 Qezict rafdla&da%ﬂs@éqg Buen Jmre A& el at}'%@g%% MY-Dg §6! ected
3:; y represents an integer from 0 to 10; z; and w; each
5 independently represent an integer from 0 to 3; z, and ws
each independently represent an integer from 0 to 7; 0 £
zitwy £ 5; and 0 £ zZptwy, £ 05,
Even more preferably, Ry may be selected from the
group consisting of a t-butyl group, a trimethylsilyl
10 group, a hydroxyl-2-ethyl group, a l-methoxypropyl group,
a l-methoxy-l-methylethyl group, a l-ethoxypropyl group, a
l-ethoxy-1-methylethyl group, a l-methoxy-l-ethyl group, a
l-ethory~l-~ethyl group, a t-butoxy-2-ethyl group, a 1-
isobutoxy-l-ethyl group, and groups represented by the

15 following formulas (6a) to (6m):
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group consisting of a t-butyl group, a trimethylsilyl 10 group, a

hydr oxyl - 2--et hyl group, a 1-nethoxypropyl group, a 1-nethoxy-1-nethyl ethyl
group, a 1l-ethoxypropyl group, a 1-ethoxy-I-methylethyl group, a

1- nmet hoxy- 1-et hyl group, a 1-ethoxy-1-ethyl group, a t-butoxy-2-ethyl

group, a 1- isobutoxy-I-ethyl group, and groups represented by the
15following fornulas (6a) to (6m: (6m wherein in the fornmulas (6a) to
(6mM, R, R' and R'"" each independently represent a hydrogen atom or a
Cl-Cm al kyl group; a and e each independently represent an integer 5 fromO
to 15; b represents an integer fromO to 11; c¢c and d each independently
represent an integer fromO to 9; f represents an integer firomO to 7; g,

i and k each, ifide diently represenafaﬁ'integer fromO to\G: j
i ndependentf y~fregresént an integer fTom-Q (R9M; 0 c+dl7; :
5When a resi st Imis fornmed by appldiﬂﬁ-the additive fok_rgsi
to the present Y h¥ention having a strd!ﬁﬂﬁe such as describey _apove to a
resi st conpositb@n, the additive for rgﬁﬁst is located at t% surface of

t he resi st fiIé] ue to the difference in specific gravity, and 10 increases
hydr ophobicity ; t he resi st filn1s§ff%ge. As a result, theTadditive for

resi st funetiohs’as if the additiwe'fofns, a separate protwecCl filmon the
1 : ‘ y_<a£|,t}3. el ution of &/ Cohi i t uent

surface oR' t{FHdm and thel
conponent s of., @sist filminto

(6d) (6
" R
(R L AR')E o
r, B Ry - I‘WM
H@@ ) 0
(69) (6D
& R ;
:yi-" 0 o R
: R TN
E/} \@(m 0=ty
PR .
(R (Bk) (61)

(6m)

wherein in the formulas {(6a) to (ém), R', R" and R"' each
independently represent a hydrogen atom, or a C;-Cy alkyl
group; a and e each independently represent an integer

5 from 0 to 15; b represents an integer from 0 to 11; ¢ and

d each independently represent an integer from 0 to 9; f
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15 during an imrersion |lithographic process. Furthernore, a resist film
containing the additive for resist is dissolved in a devel oping sol ution,
at both exposed areas and unexposed areas, in the devel opi ng process. Mre
specifically, the additive for resist according 20 to the present invention
contains a hydrophobic group in at |east one of the norbornene
derivative-derived repeating unit 1 and the acrylic derivative-derived
repeating unit n, and thereby increases hydrophobicity of the surface of a
resist filmat the tinme of exposure, 25 while suppressing | eaching caused
by water during a |ithographic process. Furthernore, at the tinme of

he additive

devel opne for resjst.is degass b devel opi ng

sol uti on, P%%Fg\%%g%%)l h %‘Fr%‘?ﬁy%lé%o i Umn hy dfoxi (f’encf%/l&{?)& a hydroxyl group
i s subseq ~Pr t additive.is verted from.hydrophobic
to hydr opﬁ?ﬁ%ﬂégng%ﬁgﬁg?fﬁg?%% ge‘%grg?t?é%é%tfﬁ mqutr}crcf aé:’e%ofantqﬂ]é’ resist film
can be su S j - Fur rnmore, the additive for, resist according to
t he preseergl)%)&?n\f?g% ?%rﬁd%%tn gi %%E%ns%%% d-'1 albnﬁIOeqefrunfg’:tcinbnoaltogrqdu 0 in each

of the norbgraenge. dgri vatd ve-deriwed repeating unit 1 and the acrylic
derivative-derived repeating unit o, and thereby is converted from

hydr oghobi ¢ t eirhydrophidiise g deprot-aeti 8 Leaetion ¢aussdqsbyiapn acid at
an exposed area, and as a result, the additive can exhibit increased 15

sol ubi l'i t§oit nres &t kéd dodemed oph nghS g tldont: atn g itdrime, :6fi nde el opnent .
Furthernore, the mal ei c anhydri de-derived repeating unit min the additive
for resisttaccond ngudlo dhelpresentd iatvwent itan & Soding- epanped iy oa,
devel opi ng solution at an
the additive for resist is located at the surface of the
resist film due to the difference in specific gravity, and
10 increases hydrophobicity of the resist film surface. As a
result, the additive for resist functions as if the
additive forms a separate protective film on the surface
of the resist film, and thereby prevents elution of the
constituent components of the resist film into water
15  during an immersion lithographic process. Furthermore, a
resist film containing the additive for resist is
dissolved in a developing solution, at both exposed areas
and unexposed areas, in the developing process.
More specifically, the additive for resist according
20 to the present invention contains a hydrephobic group in
at least one of the norbornene derivative-derived
repeating unit 1 and the acrylic derivative-derived
repeating unit n, and thereby increases hydrophobicity of

the surface of a resist film at the time of exposure,

25 while suppressing leaching caused by water during a
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20 unexposed area and forns a carboxyl group, and the repeating unit m

t hereby further enhances hydrophilic characteristics at the surface. As a
result, a lithographic process with fewer defects is enabl ed.

The repeating units 1, mand n that constitute the 25 copol ymer of the
additive for resist according to the present invention represent the
contents of the respective corresponding repeating units in the main chain,
and al so nmean the substitution ratio by which the copolyner is dissolved in
a devel opi ng solution. The additive for 5 resist according to the present

i nvention contains the repeating units 1, mand n under the conditions that

he fol |l ow | ati hi i,sfied: | =1,.0 /(1
0.0, 0.2 AR SH G BRET 0 AR Ry E0E e 0e (1imnte) < 0.9,
uhen the 40.a80ive TacK as{ S S9N Al NSl he g epeali no, L gt f he

proportions desctr I ve can éexHhi opho ity with

less affigitymiih Ly the ti | LS| xgﬁﬁgp m and
particula?%i, ﬁ%engrﬁéﬁéfdlﬁﬁvga%dgﬁ? s%%% cd%%%?ﬂg’t e malei c

anhydri dengerbyeder epeaty NG ko, 4k, m cantgpt. f, great er than 20% by
nol e, hydr%%hobic?tgﬂ?s Luffﬁg{entl§ iﬁ%?g%sed a5529?25u|$;0f ri ng- openi ng

caused byptheuabépl inSotmd i ppuses: ass a-demeheR NgSeIHULdQbho3a L hat the
additive for resist can be easily dissolved in the devél oping solution.

More 20 prefleyabbynilhe, capalhaerdsaniaigisd:he i eirc @nrhydnirde= derived
repeating unit mat a content of 30%to 60% by nol e.
of the resist f£ilm can be suppressed.

Furthermore, the additive for resist accerding to the

present invention contains an acid-labile functional group
10 in each of the norbornene derivative-derived repeating

unit 1 and the acrylic derivative~derived repeating unit o,

and thereby is converted from hydrophobic to hydrophilic

by a deprotecticn reaction caused by an acid at an exposed

area, and as a result, the additive can exhibit increased
15  solubility in an alkali developing solution at the time of

development .

Furthermore, the maleic anhydride-derived repeating
unit m in the additive for resist according to the present
invention is ring-opened by a developing solution at an

20  unexposed area and forms a carboxyl group, and the
repeating unit m thereby further enhances hydrophilic
characteristics at the surface. As a result, a
lithographic process with fewer defects is enabled.

The repeating units 1, m and n that constitute the

25 copolymer of the additive for resist according to the
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The additive for resist according to the present invention having a
structure such as descri bed above nmay 25 be a bl ock copol yner, a random
copolymer, or a graft copolyner. Speci fic exanples of the additive
for resist according to the present invention include conpounds having
structures represented by the followng formulas 5(V) to (18), and the
order of the respective repeating units in the structural formulas may
vary: [Chem cal Fornula 7] [ Chem cal Fornmula 8 W\---n o

present invention represent the contents of the respective
corresponding repeating units in the main chain, and also
mean the substitution ratio by which the copolymer is
dissclved in a developing solution. The additive for
5 resist according to the present invention contains the
repeating units 1, m and n under the conditions that the
following relationships are satisfied: l+m+n = 1, 0 <
1/ (l+mbnto) < 0.9, 0.2 < m/{lim+n+to) < 0.9, 0 <
n/{l+mtnto) < 0.9, and 0 € o/ (l+m+n+o) < 0.9. When the
10 additive for resist contains the repeating units at the
proportions describd above, the additive can exhibit
hydrophobicity with less affinity with water at the time
of immersion exposure, and particularly, when the additive
for resist contains the maleic anhydride-derived repeating
15 unit m at a content of greater than 20% by mole,
hydrophobicity is sufficiently increased as a result of
ring-opening caused by the alkali soluticn used as a
developing soluticn, so that the additive for resist can
be easily dissolved in the developing solution. More
20  preferably, the copolymer contains the maleic anhydride-
derived repeating unit m at a content of 30% to 60% by
nole.
The additive for resist according to the present
invention having a structure such as described above may

25 be a block copolymer, a random copolymer, or a graft
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0 0 CF3 r. [Chem cal Formula 9] [ Chem cal Fornula 10] [Chem cal Formul a
11] [Chem cal Formula 12] [Chem cal Formula 13] [Chem cal Fornula 14]

copolymer.

Specific examples of the additive for resist
according to the present invention include compounds
having structures represented by the following formulas

5 {(7) te (18), and the order of the respective repeating
units in the structural formulas may vary:

[Chemical Formula 7]

[Chemical Formula 8]

4
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{Chemical Formula 9]
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[ Chem cal Formula 17]

[ Chem cal Fornula 15]
O)e-.1 -0 "--(211\ \CF3 [Chem cal Formula 16]
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(Chemical Formula 10]
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[Chemical Formula 11]
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[ Chem cal Fornmula 18] wherein in the formulas (7) to (18), 1, m n and o
5 respectively represent the proportions of corresponding repeating units
in the main chain, such that 1-kmtn+o - 1, while 0 < 1/(1-km Frpho) < 0.9,
0.2 < m(1l-1-mn+o) < 0.9, 0 n/(121-mtn+0) < 0.9, and 0o/ (1l.-fird-n+0) <
0.9. The additive for resist according to the present 10 invention may have
a wei ght average nol ecul ar weight (hereinafter, referred to as "Mv') as
measured by gel perneation chromatography (GPO) and calculated relative to
pol ystyrene standards, of 1,000 g/nmol to 50,000 g/nol. If the weight

aver age nol ecul ar meight of the additive for 15 resist is too snall

i nterm xi ng nay occ : the case |nner5|on exposure, elution into
pure wat er,, MMLLqug L.ghfea MFL gejwnhe@ular wei ght is too |arge,
\m
O.ﬂ"\ f':'o OJO

F_V;C ‘"’ @
L

[Chemical Formula 14)

O i o]
}_CFa \iTJN
F.C i )
e

[Chemical Formula 15]
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[Chemical Formula 16]

[Chemical Formula 17}
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appropriate filmformng may not be achieved, or alkali dissolubility may
be decreased. Preferably, it is preferable that the wei ght average

nol ecul ar wei ght be in the range of 2,000 g/nol to 20,000 g/nol, fromthe 5
vi ewpoi nt that the additive for resist can exhibit excellent solubility in
devel opi ng solutions without a risk of elution into pure water.

Furthernore, the nol ecul ar weight distribution of the additive for resist,
which is the ratio of the weight 10 average nol ecul ar wei ght and the nunber
average nol ecul ar weight (MvV M), is preferably 1 to 5, and nore preferably
1to 3. If the nolecular weight distribution of the polyner is greater than
5, the line_edge roughness nmay be poor. Therefore, when a copolynmer which
satisfies. ugﬁ§mgiﬁhbﬁL L& ge. dl.ecul ar wei ght and the

nol ecul ar difstyr i but i S an a i ©ive for a photoresist
conposi tion, ﬁe'bhOﬁorg I STy s @lon hibit appropriate properties
in ternms of deve\ppabp_ coatability, heat resi stance. 20The
additive for resigt ccordlng to the present vention having a structure
such as descri bed above can be produced by KI i zing a norbornene
derivative having~a&(structure represented by‘@ornula (19), a maleic
anhydri de nono , and optionally at |east one acrylic 25 nononer sel ected
fromacrylic nnndnérs havi ng structures represented by fornmula (20) and
(21), by using a “convent i onal pol yneri zati on nmethod, for exanple, bulk

pol ymeri zation, solution polynerization, suspension polynerization, bulk
suspensi on pol yiremiizatli dyreQria 18]

%MW“MV{M '{“"“]‘M’[W \fw AU
e DFC’
CFy )
FJ [

O

wherein in the formulas (7} to (18), 1, m, n and o
5 respectively represent the proportions of corresponding
repeating units in the main chain, such that l+m+n+o = 1,
while ¢ < 1/ (l+m+n+o) < 0.9, 0.2 < m/{l+m+n+o) < 0.9, 0 <
n/{ltm+n+o) < 0.9, and 0 £ o/ (l+m+nt+to) < 0.9,
The additive for resist according to the present
10 inventiocn may have a weight average molecular weight
(hereinafter, referred to as "Mw") as measured by gel
permeation chromatography (GPC) and calculated relative to
polystyrene standards, of 1,000 g/mol toe 50,000 g/mol. If
the weight average molecular weight of the additive for
15 resist is too small, intermixing may occur, or in the case
of immersion exposure, elution into pure water may occur.

If the weight average molecular weight is too large,
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5 enul sion polynerization. [Chem cal Formula 19] Frel-hR3 [ Chem cal Fornul a
20] 10[Chem cal Forrmula 21] R2 wherein in the formulas (19) to (21), R

R', R", R Rh, R, and Rl to R5 respectively have the sane neani ngs as
defined above. 15Preferably, the additive for resist according to the
present invention can be polynerization by radical polynerization, and in
this case, there are no particular limtations on the radical

pol ymeri zation initiator as long as a general radical polynerization
initiator such as 20 azobi sisobutyronitrile (A BN), benzoyl peroxide (BPO,

appropriate film forming may not be achieved, or alkali
dissolubility may be decreased. Preferably, it is
preferable that the weight average molecular weight be in
the range of 2,000 g/mol to 20,000 g/mol, from the

5 viewpolint that the additive for resist can exhibit
excellent solubility in developing solutions without a
risk of elution into pure water.

Furthermore, the molecular weight distribution of the

additive for resist, which is the ratio of the weight

10  average molecular weight and the number average molecular
weight (Mw/Mn), is preferably 1 to 5, and more preferably
1 te 3. If the molecular weight distribution of the
polymer is greater than 5, the line edge roughness may be
poor. Therefore, when a copolymer which satisfies the

15 ranges of the weight average molecular weight and the
molecular weight distribution is used as an additive for a
photoresist compesition, the photoresist composition may
exhibit appropriate properties in terms of developability,
coatability, and healt resistance.

20 The additive for resist according to the present
invention having a structure such as described above can
be produced by polymerizing a norbornene derivative having
a structure represented by formula (19}, a maleic
anhydride monomer, and optionally at least one acrylic

25 monomer selected from acrylic monomers having structures
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| auryl peroxi de, azobisisocapronitrile, azobisisovaleronitrile or t-butyl
hydr operoxi de, is used. Furthernore, as the polynerization solvent, one or
nore kinds are selected from benzene, toluene, xylene, 5 benzene hali de,

di et hyl ether, tetrahydrofuran, esters, ethers, |actones, ketones, am des,
and al cohol s, and used. The pol ynerization tenperature used during
the polynerization reaction is appropriately selected in accordance with
the type of the catalyst. Furthernore, 10 the nol ecul ar wei ght distribution
of the polymer thus produced can be appropriately adjusted by varying the
anount of use of the polynerization initiator and the reaction tine. After

pol yneri z IS C leted, it js,preferable to renove any unreacted
NONOMer s g%%’%;slé etelcgr%)%a‘é%%lﬁiapr{)%Ddctaéjfe@i)ni ﬁ?(j/ iIT ¥ reacti on nixture by
using a s - recipitatio thod.. The addi,tive for resist
accordi ng&% %$ﬁ%i%?%§£?&ﬁ€%ln%%%nénogqeg& noedgl afcocrored%aﬁ{lé) Yo Filé%pr oducti on

e oge ophdetabays, Ay Al L8 e A e O et he

nmononers, has appropriate hydro aracteri'stics, so that when the

addi tive hs) psad ddx @ esd st COMRs] i p NG 18518t SOMpRQsi tion is
transparé%t %%gthe é&posure I i ght, ié"nog)cgﬁﬁéﬁTﬁﬁéﬁﬁfgﬁgihe liquid for

exposur e @hutdvend igwl @fe d MeRriSipn exposure, and can reduce the 25 formation
of various defects that may be generated during

[Chemical Formula 19]

10 [Chemical Formula 21)

wherein in the formulas (19) to (21), R', R", R"', R., Ry,
Re, and Ry Lo Ry respectively have the same meanings as
defined above.

15 Preferably, the additive for resist according to the
present invention can be polymerization by radical
polymerization, and in this case, there are no particular
limitations on the radical polymerization initiator as
long as a general radical polymerization initiator such as

20 azobisisobutyronitrile (AIBN), benzoyl peroxide (BPO),
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t he exposure process. Therefore, according to another enbodi nent of
the present invention, a resist conposition containing the additive for
resi st descri bed above is provided. More specifically, the resist
conposition contains a base polyner for resist, an acid generator, and a
solvent, in addition to the additive for resist. The additive for resist is
the sanme as described previously, and nay be incorporated in an anount of
0.05% 10 to 5% by weight relative to the total weight of the resist
conposition. If the content of the additive for resist is |ess than 0.05%
by wei ght, the effect obtainable by using the additive is negligible, and

if the co i ater than, 5@6b t,.the resolution of the resist
glSP‘\%th?iel%}?l 124 d%é%%a§€ﬂ3 éﬁ % %

and the 1 ss ar ot preferable. There are
t 0 [ r e and _any base

o part o oo on e b YRR ISR, and gy bas

Specifical ly, #ar. £y FLHANG IR € 2381, %C%%Mh?m bhe group 20

consisting of a (net acr'yli’c aci d ester polyner,

(atrifluoforet byl Jack yd i Lo Ak ESt&ln r@ér@z&q@nm&ue% C%gﬂ'@f{éer a
cycl ool ef i n-nal ei ¢ anhydride copol ymer, pol ynor bor nené, pol ymer conpound

obt ai Bablge1byege Nag: @PL N NG et atthest s vaacdd eirefud cydqeefin, a
pol ymer 25 conpound obt ai nabl e by hydrogenating a polyner obt ai'nabl e by a

ri ng- openiingeret athesises eacdti@eOf @nicked 0olef idlcoadderi wald e eof,
hydr oxystyrene and a (neth)acrylic acid ester, a polynmer obtained by
copol yneri zi ng’henecdrymorie safi ost yreeperaviumyl napht Rakene, txenyl ant hr acene,
Vi nyl pyr ene,

polymerization reaction is appropriately selected in

accordance with the type of the catalyst. Furthermore,

10 the molecular weight distribution of the polymer thus
produced can be appropriately adjusted by varying the
amount of use of the polymerization initiator and the
reaction time. After polymerization is completed, it is
preferable to remove any unreacted monomers and side

15 reaction products remaining in the reaction mixture by
using a scolvent-induced precipitation method.

The additive for resist according to the present
invention obtained according to the production methods
described above and by adjusting the type and content of

20  the monomers, has appropriate hydrophobic characteristics,
so that when the additive is used in a resist composition,
the resist composition 1s transparent to the exposure
light, is not compatible with the liquid for exposure at

the time of immersion exposure, and can reduce the

25 formation of various defects that may be generated during
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5 hydr oxyvi nyl napht hal ene, hydroxyvi nyl ant hracene, indene, hydroxyi ndene,
acenapht hyl ene and nor bornadi ens, a novol ac resin, and m xtures thereof,
can be used. The base polynmer nmay be incorporated at a content of 3%
to 20% by weight relative to the total weight of the 10 resi st conposition.
If the content of the polyner is |less than 3% by weight, the viscosity of
the conposition becones too low so that a fil mhaving a desired thickness
cannot be formed, and there is a problemthat a severe pattern | oss occurs
due to a relatively larger anmount of 15 the photoacid generator. If the
content is greater than 20% by weight, the filmthickness becones too
llarge, thg filmhas poor transm ssion of radiations, and there is a problem
that a perpendﬁ%u ar H%ﬁ?%ﬁ% may not be easily obtained. 20As the acid

generator, oniyihased. pholaaed 9eneratons (hpenatier, refered to as

"RAG') including iodoni‘umsa sul'f oni'um~sal sal ts,

di azoni un&§@gér§%u‘f{¥‘;4@i@&ma§q} Spgrand, ;S?Letsio%a%o%eta"i%%%’ and preferably,

one or nore of oni um sal ts havi ng ructures represented by the

fol | ow ng;d@rmuased22)c 8Nt &3)r G be HSed s NOr g pief erabl y,

tri phenyl sul foni um nonafi ate can be used. [Chem cal Fornula 22]
5 More specifically, the resist composition contains a

base polymer for resist, an acid generator, and a solvent,
in addition to the additive for resist,

The additive for resist is the same as described
previously, and may be incorporated in an amount of 0.05%

10 to 5% by weight relative to the total weight of the resist
compositicon. If the content of the additive for resist is
less than 0.05% by weight, the effect obtainable by using
the additive is negligible, and if the content is greater
than 5% by weight, the resolution of the resist and the

15  roughness are decreased, which is not preferable.

There are no particular limitations on the base
polymer for resist, and any base resin that is used at the
time of forming a resist film can be used. Specifically,
for example, any one or more selected from the group

20  consisting of a {(meth)acrylic acid ester polymer, an (o-
trifluoromethyl)acrylic acid ester-maleic anhydride
copolymer, a cycloolefin-maleic anhydride copolymer,
polynorbornene, a polymer compound obtainable by a ring-
opening metathesis reaction of a cycloolefin, a polymer

25 compound obtainable by hydrogenating a polymer obtainable
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5[ Chem cal Formula 23] wherein in the fornulas (22) and (23), X1
X2, Y1 and Y2 each independently represent any one selected fromthe group
consi sting of a hydrogen atom a 10Cl-Cl10 al kyl group, an allyi group, a
Cl1- C10 perfluoroal kyl group, a benzyl group, a C6-C30 aryl group, and
conmbi nations thereof, and X1 with X2, and Y1 with Y2 may be bonded to each
other and forma saturated or unsaturated C3-C30 hydrocarbon ring; 15X3,
X4, X5, X3, Y4 and Y5 each independently represent any one sel ected from
the group consisting of a hydrogen atom a Cl1-C30 al kyl group, a hal ogen
atom a Cl-C30 al koxy group, a C6-C30 aryl group, a thiophenoxy group, a

O L g0l oK, 9L 8. &, G PO, ALK SR O LIPU O A 20 e
derivative of hydroxystyrene and a (meth)acrylic acid
ester, a polymer cobtained by copolymerizing one or more of
styrene, vinylnaphthalene, vinylanthracene, vinylpyrene,

5 hydroxyvinylnaphthalene, hydroxyvinylanthracene, indene,
hydroxyindene, acenaphthylene and norbornadiens, a novolac
resin, and mixtures thereof, can be used.

The base polymer may be incorporated at a content of
% to 20% by weight relative to the total weight of the

16 resist composition. If the content of the polymer is less
than 3% by weight, the viscosity of the composition
becomes too low so that a film having a desired thickness
cannot be formed, and there is a problem that a severe
pattern loss occurs due to a relatively larger amount of

15 the photoacid generator. If the content is greater than
20% by weight, the film thickness becomes too large, the
film has poor transmission of radiaticns, and there is a
problem that a perpendicular pattern may not be easily
obtained.

20 As the acid generator, onium-based photoacid
generators (hereinafter, referred to as "PAG") including
iodonium salts, sulfonium salts, phosphonium salts,
diazonium salts, pyridinium salts, and imides can be used,
and preferably, one or more of sulfonium salts having

25 structures represented by the fellowing formulas (22) and
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OSO2C8F17, 11. (CF3)N (C2F5) 2, N (C4F9) 2, C (Ch.3) 3, C (C2F5)C (4F9)
or a functional group represented by the followng fornmula 5(24): [Chem cal
Formula 24] O Vi I11H2 - -S-0-W- (W2)0 (WB)P-WI HI 0v2 wherein in the

formula (24), V1 and V2 each independently represent a hal ogen
atom 10W represents -(0=0)- or -(S02)-; W2 represents a 01-010 al kanedi yl
group; WB represents any one selected fromthe group consisting of a

C3-C30 cycl oal kyl group, a C5-030 aryl group, a C7-C30 aral kyl group, a
Cl1- C30 aryl oxy group, a C6-030

(23) can be used. More preferably, triphenylsulfonium
nonaflate can be used.

{Chemical Formula 22]

X
oS+ -2

wherein in the formulas (22) and (23),
X1, X2, Y:; and Y, each independently represent any one
selected from the group consisting of a hydrogen atom, a

10 C1-Cyo alkyl group, an allyl group, a Ci;~Cip perfluoroalkyl
group, a benzyl group, a Cs~Cyp aryl group, and
combinations thereof, and X; with X;, and Y; with Y, may be
bonded to esach other and form a saturated or unsaturated
C3-Cyp hydrocarbon ring;

15 X3, X4, X5, Y3, Yy and ¥Ys each independently represent
any one selected from the group consisting of a hydrogen
atom, a Cy;-Cy alkyl group, a halogen atom, a C;-Cip alkoxy
group, a Cg=C3z aryl group, a thiophenoxy group, a C;-Csg

thioalkoxy group, a Ci~Cys alkoxycarbonylmethoxy group, and
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15 arylthio group, and a C5-030 heterocyclic group; Wl represents
any one selected fromthe group consisting of a hydrogen atom a hal ogen
atom a Cl-Co alkyl group, a C-Cl al koxy group, a Cl-010 hal oal kyl group,
a Cl-C10 al kylthio group, a 06-C30 aryl group, and 20 conbi nati ons thereof;
o represents an integer of O or 1; and p represents an integer fromO to 2.
When a cyclic alkyl group is incorporated into the anion for the acid
generator, the acid diffusion length in the resist filmis maintained to be
appropriately short, high light transmssivity can be exhibited, and as a
result, a resist of high resolution can be obtained. 5Preferably, in the
formula (24),..A in the anionLc noiety can be selected fromthe group
consistinéo% l?%%%??%n%Teﬁ?%tbs represented by the follow ng forrulas (24a)

to (241) and (253) 49 (A2%hiic (RAM A2 s 0s0.cry, 080,47,
050,CgF 1y, N{CF3)a, N(CaFs)a, N(Cylg)n, C{CF3)3, C{CyFs)3, C(CyFg) s,

or a functional group represented by the following formula

5 (245
[{Chemical Formula 24)]
O Vv
o1 Ha
~O—ﬁ—<]3“ ~O=W=(Wajo—(Ws)p-W,
OV,

wherein in the formula (24),
Vi and V; each independently represent a halogen atom;
10 W; represents -{C=0)- or =-{(80:)-;

W represents a C;-Cyjp alkanediyl group:;

W3 represents any one selected from the group
consisting of a C3-Cy cycloalkyl group, a Cs-Cig aryl group,
a Cy-Cy aralkyl group, a Ce-Cy aryloxy group, a Cz~Csg

15 arylthio group, and a Cy¢-Cyy heterocyclic group;

Wy represents any one selected from the group
consisting of a hydrogen atom, a halogen atom, a C;-Cig
alkyl group, a Ci;-Cjy alkoxy group, a C1-Cip haloalkyl group,
a C;-Cyp alkylthio group, a C¢Csp aryl group, and

20  combinations thereof;
o represents an integer of 0 or 1; and
p represents an integer from 0 to 2.

When a cyclic alkyl group is incorporated into the
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(2509) (250 (25s) (250(251.0 (25w) Furthernore, in the fornul as
(22) and (23), the cationic moiety is preferably selected fromthe group
consi sting of structures represented by the following formulas (26a) to

(26p):

anion for the acid generator, the acid diffusion length in
the resist film is maintained to be appropriately short,
high light transmissivity can be exhibited, and as a
result, a resist of high resolution can be cbtained.

5 Preferably, in the formula (24), A in the anionic
moiety can be selected from the group consisting of
functional groups represented by the following formulas

(24a) to {(241) and (25a) to {25%):



The aci d generator such as described above can be used singly, or as

m xtures of two or nore kinds. Furthernore, the acid generator nay be

i ncorporated in an anount of 0.3 parts to 15 parts by weight, preferably
0.5 parts to 10 parts by weight, and nore preferably 2 parts to 10 parts by
wei ght, relative to 100 parts by weight of the total solids content of the
polynmer. If the content of the acid generator is greater than 15 parts by
wei ght, perpendicularity of the pattern is nmarkedly deteriorated, 10 and if
the content is less than 0.3 parts by weight, there is a risk that
bendability of the pattern nmay decrease. In order to obtain a uniform
and flat resist gogting film it ixsepreferable to yseza solution obtained
by dissolving_%pg~ppLgner and thgﬂ@mid generator inwacsolvent 15 having an
appropriate evaquaﬁ;o Pate and a@p@ﬁﬁ =&t e visd&%@;yﬁ: | es of the
solvent that can be used in the present_iinvention include et hyl ene glycol
nononet hyl et her, et ne glycol nongethyl ether, ethyle gl ycol
monopropyl ether; est@fs such as net hylcél | osol ve acet aw 20

et hyl cel | osol ve aﬁ%&@te, propyl ene Iéfol nononet hyl et Her jacet ate,

propyl ene gl ycol noet hyl ether ac % e, and pr opyliéhe col nonopr opyl
et her acetate; and ketones such as nethyl isopropyl ketone, cycl ohexanone,
met hyl 2- hydroxypropi onate, ethyl 2-hdyroxypropionate, 2-heptanone, 25
ethyl lactate, apdsy-butyrolactong. These sol vents gan be used singly or
as mxtures of JfWeCor,more kindsoijihOregard to the.golyent, the anount of
use thereof can We app 3 i

riatel ¥~ a¥j ystse0in accordancg’ W<t the properties
of the solvent, that .i&, volatility, Vi ity 5 and the 4ike, so that a

uniformresist film be formed. Furt nore, the resisty conposition
according to the

(24d) (24e) (24)
G\é E: % EZ % E:
03 "e-0, - 0RET 0 L= e
< -
(24g) {24h) {240
Q& E: Q F:
DT - ré'ﬂcs
U o O R O0
oM
(245} (24k) (241)
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present invention can further include other additives according to the

pur pose such as an increase in coatability. 10There are no particul ar
limtations on the other additives as long as they are conventionally
applied to a resist conposition, and specific exanples thereof include an
al kal i di ssol ution suppressing agent, an acid diffusion suppressing agent,
and a surfactant. One kind only, or a 15 m xture of two or nore kinds of
these nmay be incorporated into the resist conposition. Any al kal

di ssol ution suppressing agent that is conventionally applied to a resist
conposition can be used as the al kali dissolution suppressing agent, and
specific 20 exanpl es thereof include phenol and carboxylic acid
derivatives. QO The aél d di ffusi onQsuppredsing agent ha& a funétion of
control li Wﬁ@f&cﬁ#%@ﬂopheno by 4‘%19; when ga@?m@rh@)t ed from
the acid generator asfaoresult of ‘25 |ightFzidrradiati ff useszitnto the
resist film and__suppressing any chem cal reaction in an unexposed area.
Wien such an aci'd®@i ff usi on suppressid® agent is used, stor@e stability of
a radiation-sensitive resin conposition can be increased, resolution of the
resist can 5 bg hurther 4 nproved, and the cE:nge inthe line wwdth in the

resist pattegn t used by a fluctuation @g the time taken fromaexfbsure to
developnent%%P ‘EanE?g Suppr essed ¥"0"~"C"A0such an ayi-§-aiffarsi-on
suppr essi ng agéht, a baSic conpound %an be?Ysed, and spécPfic dxénpl es
t her eof
f?ﬁd) (256) (255:)
it 2 T ; Ha 9 ™ O H O
|:3C - "C“O'C’"C -«'S«-[j é & ) T 2 T
7 FC-C-0-C-c-3-0 G 30" Cag g
Ez F2 0 inlf) H: 8 ° '92'0 ¢
o)
(259) {25h) (250)
™ Q@ H, @ © o g T e ¥
O erSap-Cag-S-g (o-Coeto grrfio-Ci-So
8 : F. F.
H2 O F2 O ot 20 0 20
O
(25} (25K) (241)
0 o) ol O 0
H2 7] HE H2 £}
gl Cag- e {’“}Q’”"‘O“C“C’#‘O e
Fo O) J F2 O F20
(26m) (25n) (250)
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10 i nclude ammoni a, am nes such as net hyl am ne, isopropyl am ne,
n- hexyl am ne, cycl opentyl am ne, nethyl enedi am ne, ethyl enedi am ne,
di mret hyl am ne, diisopropyl am ne, diethyl enedi am ne, N, N
di et hyl net hyl enedi am ne, N, N-di net hyl et hyl enedi am ne, 15tri met hyl am ne,
triethylamne, N,N,N ,N - tetranethyl nethyl enediamne, N, NN ,6N -
tetranet hyl et hyl enediamne, N,N,N ,N - tetranethyltetrethyl enepentam ne,
di et hyl et hyl am ne, met hyl et hyl propyl am ne, benzyl am ne, phenet hyl am ne, 20
benzyl di et hyl am ne, tetrant hyl anmoni nm hydr oxi de, aniline,
N, N- di met hyl t ol ui di ne tri phenyl am ne, phenyl enedi am ne, pyrrole, oxazole,
i soxazol e, thiazole, isothiazole, |n1dazole pyrazol e, pyrroline,
pyrrolldlne,ulnldazﬂdlne derivdtives, ¥m az l'idine derlvatFVes pyridine
25 derlvatﬁvﬁ zi-ne demf$ﬂdfvesL- dlne(368FLN£§ 2S]-.. zi ne
derivatives,® yrazollﬁ ;ﬂerlvavr Ves, pyrazolldlne deri kat i ves, ‘Eyffdlne
derivatives, pi era2|né’der|vat|ves,¢%Qp nmor phol i ne; nltrogeq-confa1n|ng
conmpounds such &&Pami nobenzoi c acid, 5 indoiecarboxylic aci'd,’ amino acid
derivatives (for exanple, nicotinic acid, alanlne arginine, and aspartic
acid), 3- pyxidinesulfonic aC|d pyrldlnlaﬁar“fﬁluengsulfonate 2-

ol

hydroxypyrx;ﬁinmxaaﬂno resol . jtol | 2-(2- o
hydroxyethylﬁmyrldln “and i- (2 ydroxyethyl)plperdZLdg “-“‘-
derivatives such as m de, N-nethyl formam de, K- di met hy fa qglide

acet am de, N—n&h& Iace am de, N, Ndi neiyl acet am de, propuqnanlde and

benzam de; and |n1de derivatives such as phthalim de, SUCC|ﬁ|n1de and

mal ei m de. 15The acid diffusion suppre55|ng agent may be |ncorpon?ted in an
i

anount of p 1 part to 5 parta by mel and prefe abLy Q%é @ar stol
part by e rel at to- LU ar“t'-s W’g‘gt of “t itk s dss Copt ent  of
t he pol yner.” t he JLW n,\of tﬁb acid dif i on Zdéuﬁpre55| -agent is
| ess than 0.01 parts by _|gﬂt t he [;

25V {25w) 25

Furthermore, in the formulas (22) and (23), the
catlonic moiety is preferably selected from the group
consisting of structures represented by the following

5 formulas (26a) to (26p):
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i nfluence of the acid diffusion suppressing agent increases with the
retention tinme after exposure, and there is a risk that the shape of the
pattern may be affected. If the content is greater than 5 parts by 25
weight, there is a risk that resolution and sensitivity nmay be decreased.
The surfactant is intended to inprove coatability, developability and the
| i ke, and specific exanples thereof include, but are not limted to,

pol yoxyet hyl ene | auryl 5 ether, pol yoxyethyl ene stearyl ether,

pol yoxyet hyl ene, and pol yet hyl ene gl ycol dil aurate. The resi st
conposi tion according to the present invention having a conposition such as
descri bed abov= can be dissol yed in a devel oping sol ution at.exposed areas
and 10 unexpOu areas durin e devel opne firocess afte radi ation

with an Ar source, ex ts an inpro e-.hness and
exhibits @J@nt resol p both C/ erns and > [2a

Fur t her nor resist c osjtion exh| n excel | process mnndom/so
15 that excel ¥€nYy pattern pr es can be o érned regardlggziof t he type

of the substr and exhi bi nproved con Accordin t he resi st
conposition is useful as a positive type che caIIy anplifi€d, photoresist
conmposi ti on whi ch responds to $hdiation such far- 20 ul i ol et

radi ation suctidas KrF exci ner 2bgser |ight, AgB exci mer Iase2 d|ght or
excinmer laser light; X-radiation such as synchrotron radlat and charged

particl e radi ag~Qn such as ex me ul traviol (EWV).
K ﬁ [} ]
ax ant ary ant

] C ]
CCH; CLWJké?LM S
1® &

(26e) (286)
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Accordi ng to another enbodi nent of the present 25 invention,

formng nethod by using the resist conposition is provided.

a pattern

Specifically, the pattern fornming nethod includes a step of applying the

resi st conposition on a substrate and thereby formng a resist film a step
of heat treating the 5 resist filmand then exposing the resist filminto a
predeterm ned pattern; and a step of devel oping the exposed resist pattern.

As the substrate, a wafer substrate can be used, and

as

t he nmet hod

for coating a substrate, nethods such as 10 flow casting or roll coating
can be used. Specifically, the resist conposition is applied on a

m-nut es "a

b , .Sj 1] f t fiy hi f 0.
and this 111 m i e Grabacd o CE B 5t 016 rERit SECAF BOC b

3

mto 2.0 pm

® 150C, and

pref erabl ys £ Qrs 5, JHm €S, l\/\%}%%sg 0Go ar moraUbseguently, the resist

filmis partially irradiate

lation 1n order to forma fine

pattern. e iadhald O Hhale CANARUSEM alayl e bidMdos gl partheul arly

limted, but ultraviolet radi ation such as |- 20

radi ati onamsdighc ast K1 B excidered aserpd ighthy AV @xcl Wefle%j%ﬁty
excimer |aser light; X-radiation; and charged particle radia
el ect con hears can he sads Pkhevdagdi@at i-on ernrde FRrapnivaveby rsel ected for

use in accordance with the type 25 of the acid generator.

ar-ultraviol et

| bght, or F2
ion such as an

to 10 parts by weight, relative to 100 parts by weight of

the total solids content of the polymer. If the content

of the acid generator is greater than 15 parts by weight,

perpendicularity of the pattern is markedly deteriorated,

10 and if the content is less than 0.3 parts by weight, there

is a risk that bendability of the pattern may decrease.

In order to obtain a uniform and flat resist coating

film, it is preferable to use a solution obtained by

dissolving the polymer and the acid generator in a solvent

15 having an appropriate evaporation rate and appropriate

viscosity. Examples of the solvent that can be used in

the present invention include ethylene glycol monomethyl

ether, ethylene glycol moncethyl ether, ethylene glycol

menopropyl ether; esters such as methylcellosolve acetate,

20 ethylcellosclve acetate, propylene glycol monomethyl ether

acetate, propylene glyccl moncethyl ether acetate, and

propylene glycol monopropyl ether acetate; and ketones

such as methyl isopropyl ketone, cyclohexanone, methyl 2-

hydroxypropicnate, ethyl 2-hdyroxypropionate, 2-heptanone,

25 ethyl lactate, and y-butyrolactone. These solvents can be
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Specifically, radiation is irradiated at a dose of about 1 n/cn2 to 200
mJ/ cn2, and preferably about 10 mJ/cnR2 to 100 mJ/cnR, and then the resist
filmis subjected to post-exposure baking (PEB) for 1 to 5 mnutes at 60C
to 5150C, and preferably for 1 to 3 mnutes at 80C to 130C. After the
exposure process, the exposed resist pattern is devel oped by using a

devel oping solution for 0.1 to 3 mnutes, and preferably for 0.5 to 2

m nutes, by a conventional nmethod such as a di pping nmethod, a paddle 10

met hod or a spray nethod, and thereby a desired pattern is forned on the
substrate. Regarding the devel oping solution that can be used in this case,

an aqueous, 4! Lt hony cont.al ni.ng. $pdL ugk hyds oxi g, polassl um Aydr oxi de,
net hanesi 'l ca

sodi um car bonat e, "sodium silicate, sodi um e, 15 ammoni a,

ethyl ani ne, n-prapylaine.d et ylane, el LamethyLamon umbydsoxi de,

t etraet hyl ammoni um hydr oxi de, or the like can be used, preferably,
t et r amet hyhanp®ni petdy e 0xd de é@?’u@@e&‘?ﬁrﬁj-accordancézw;f[thlertm e, the

devel opi ng solution may optionally 20 include other additives such as a
sur f act anbrope o ives a5 soldibd el @ eoNol hadsi €i seiisged ahoves; s%d‘sﬁirtg resist
pattern having excellent sensitivity and resolution can be forned by the
pattein famadi nge nethod usittgat he weststn corposi tdiom 2 raeeordimgd.0 the
present invention. Herei nafter, Exanples of the present invention
wi || be descr ifbed harndetai Ithso nefrdts ta cpepsan thavi agcordinar yoskhkl in the
art to which the present invention is pertained, can easily carry out the
present ipWeRRRonNBHowayeran therpresentcliunenttihen canlibe vieeal i zed in
various different forns, and is not intended to be limted to the Exanpl es
descri bedHeP g to the purpose such as an increase in

coatability.

190 There are no particular limitations on the other
additives as long as they are conventionally applied to a
resist composition, and specific examples thereof include
an alkali dissolution suppressing agent, an acid diffusion
suppressing agent, and a surfactant. One kind only, or a

15 mixture of two or more kinds of these may be incorporated
into the resist composition.

Any alkali dissolution suppressing agent that is
conventionally applied to a resist composition can be used
as the alkali dissolution suppressing agent, and specific

20 examples thereof include phenol and carboxylic acid
derivatives.

The acid diffusion suppressing agent has a function
of contrelling the diffusion phenomenon cccurring when the
acid generated from the acid generator as a result of

25 light irradiation diffuses into the resist film, and
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EXAMPLES 10( Producti on Exanpl e: Synthesis of nononer and pol yner]

(Synt hesi s Exanple for nononer 1) Synt hesi s of o .
3-bicyclo[2.2. 1] hept-5-en-2-y1-3-(2,2,2- trifluoroacetoxy)propionic acid
tert-butyl ester 15(hereinafter, referred to BHP-5) nononer To a

sol ution prepared by dissolving 100 g of 3- _

(bicyclo[2.2.1] hept-5-en-2-yl1)-(3-hydroxy)propionic acid tert-butyl ester

(BHP),

105.75 g of trifluoroacetic 20 anhydride, and 4.67 g of

di met hyl pyridin-4-ylamne in 1 L

10

15

20

25

suppressing any chemical reaction in an unexposed area.
When such an acid diffusion suppressing agent is used,
storage stability of a radiation-sensitive resin
composition can be increased, resclution of the resist can
be further improved, and the change in the line width in
the resist pattern caused by a fluctuation in the time
taken from exposure to development (PED) can be suppressed.
As such an acid diffusion suppressing agent, a basic
compound can be used, and specific examples thereof
include ammonia, amines sSuch as methylamine,
isopropylamine, n-hexylamine, cyclopentylamine,
methylenediamine, ethylenediamine, dimethylamine,
diisopreopylamine, diethylenediamine, N,N-
dimethylmethylenediamine, N,N-dimethylethylenediamine,
trimethylanine, triethylamine, N,N,N', N'-
tetramethylmethylenediamine, N,N,N',N'-
tetramethylethylenediamine, N,N,N',N'-
tetramethyltetrethylenepentamine, dimethylethylamine,
methylethylpropylamine, benzylamine, phenethylamine,
benzyldimethylamine, tetramthylammonium hydroxide, aniline,
N,N-dimethyltoluidine triphenylamine, phenylenediamine,
pyrrole, oxazole, isoxazole, thiazole, isothiazole,
imidazole, pyrazole, pyrroline, pyrrolidine, imidazoline
derivatives, imidazoclidine derivatives, pyridine

derivatives, pyridazine derivatives, pyrimidine
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of nethylene chloride, 46.71 g of triethylam ne was sl owWy added dropw se
at 0C, and the m xture was stirred for 3 hours at normal tenperature. A
reaction product thus obtained was di ssolved in 500 m of nethylene
chloride, 5 and then was washed with acid and distilled water. Only the
organi c | ayer was separated. The solvent in the separated organic |ayer was
renoved, and thereby 130 g of BHP-5 as n internedi ate product (conpound
(1)) was obtained. 101H NVR 6(ppm 0.6(d, 1H), 0.82(d, 1H), 1.25(m 1H),
1.42(m 1H), 1.58(s 1H), 1.7(m 1H), 1.9(m 1H), 2.08(m 12H), 2.15-2.6(m
3H 2.88(m 2H), 4.7(m 1H), 5.15(m 1H), 5.25(m 1H), 5.9(s, 1H), 6.22(s,

1H) (Synt j I _poly . 1)...1530 of the nononer far

pol yner i z%%?%ﬁ?%%?p 'ér)goé lr}}:éedd?%l Vit hes goyl':}’ﬁf1 &% SCTHRMEFS1, and
1.65 g of, gl - az0bhi si.sob at e. pol yner.i zati.on initiator were
introduce%‘%%%%?%%%t LSj!S‘éé{ngggb’f ﬁil,gis%lladoli%égnedgﬁﬁ\é%év rl]aisk, and then the

conmpounds, Wk £ 41 X e TNE: ML | ancpfmcgppﬁﬂ%ﬂcel;a%lﬁt:&g%pt urged with nitrogen

by using nitrogen gas, and then the tenperature ins e flask was

i ncr easeddio: 7HG nd et denpenatdy e nside 4he flask increased to 75C,
a solution prepared by dissolving 8.8 g of maleic anhydride in 58.2 g of

1, 4- dboxanedviesc:stawt yl addesi 25 fopwi seidnbort her fiask oyere2:A0uEs by
using a syringe punp. A reaction was carried out for 5 hours at the sane
t enper at uriezdloi rconpetes, polamerd zatdomirand drhe dseapenat ueqof, the reaction
sol ution thus obtained was cooled to roomtenperature. The reaction
sol uti on pyhusiinesulfonic acid, pyridinium p-toluenesulfonate, 2-
hydroxypyridine, aminocresol, 2,4~quinolinediol, 2-(2-
hydroxyethyl)pyridine, and 1-{2-hydroxyethyl)piperazine;
i0 amide derivatives such as formamide, N-methylformamide,
N,N-dimethylformamide, acetamide, N-methylacetamide, N,N-
dimethylacetamide, propionamide, and benzamide; and imide
derivatives such as phthalimide, succinimide, and
maleimide.
15 The acid diffusion suppressing agent may be
incorporated in an amount of 0.01 parts to 5 parts by
weight, and preferably 0.1 parts to 1 part by weight,
relative to 100 parts by weight of the solids content of
the polymer. If the content of the acid diffusion
20 suppressing agent is less than 0.01 parts by weight, the
influence of the acid diffusion suppressing agent
increases with the retention time after exposure, and
there is a risk that the shape of the pattern may be

affected. If the content is greater than 5 parts by

25 weight, there is a risk that resclution and sensitivity
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5 cooled to roomtenperature was precipitated by using an excess anount of
nmet hanol, and then the precipitate was filtered. At the time of filtration,
the precipitate was washed with the same solvent, and then was dried under
reduced pressure. Thus, 20 g of a polynmer (1V) having the 10 follow ng
structural formula was obtained. The wei ght average nol ecul ar wei ght (M)
of this polyner as calculated relative to polystyrene standards was 3, 260
g/mol, and the ratio of the weight average nol ecular weight and the nunber
average nol ecul ar wei ght, MV M1, was 151.38. /10 /21,1Cr'" i\ -0 CF3 0
(NO (Synthesis Exanple for polyner 2)

may be decreased.
The surfactant is intended to improve coatability,
developability and the like, and specific examples thereof

include, but are not limited to, polyoxyethylene lauryl

()]

ether, polyoxyethylene stearyl ether, polyoxyethylene, and
polyethylene glycol dilaurate.

The resist composition according to the present
invention having a composition such as described above can
be dissolved in a developing solution at exposed areas and
10 unexposed areas during the development process after

irradiation with an ArF light source, exhibits an improved

line width roughness, and exhibits excellent resoclution in
both C/H patterns and L/S patterns. Furthermore, the
resist composition exhibits an excellent process window so
15 that excellent pattern profiles can be obtained regardless
of the type of the substrate, and exhibits improved
contrast. Accordingly, the resist composition is useful
as a positive type chemically amplified photoresist
composition which responds to radiation such as far-
20 ultraviolet radiation such as Kr¥F excimer laser light, ArfF
excimer laser light, or F, excimer laser light; X-radiation
such as synchrotron radiation; and charged particle
radiation such as extreme ultraviolet (EUV).
According to another embodiment of the present

25 invention, a pattern forming method by using the resist
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30 g of norborene as a nononer for polynerization, and 6.45 g of dinethyl
azobi si sobutyrate as a 20 polynerization initiator were introduced together
with 58.2 g of 1,4-dioxane into a flask, and then the conpounds were

m xed. The interior of the flask was purged with nitrogen by using nitrogen
gas, and then the tenperature inside the flask was increased to 75C. Wen
the 5 tenperature inside the flask increased to 75C, a solution prepared by
di ssolving 18.75 g of maleic anhydride and 42.46 g of

1,1,1, 3,3, 3-hexafl uoroi sopropyl acrylate in 138.88 g of 1, 4-di oxane was
slowy added dropwi se into the flask over 2 hours by using a syringe punp.

A reactiof, o¥?§i&ﬁff§%9r Ie%pr 5 hours at the sane tenperature to
conpl ete polynerization, an C% € tenperature of the reaction solution thus

obt ai ned was cQpled;tQqn nk%%npgﬁgg%%ifcxgﬁ Be%%Ek88 EQEH%%§$ %hus cool ed

n
to roomtenperature was preci pi usi ng“an eéxcess a f 15

met hanol , sead dherpd g g aaldliale masddddaned: Al o he e af fil tration,

the precipitate was washed with the sanme sol vent, and en"was dried under

reduced priessuse. foiisg 20 @afs@ Dolymer N\, having .t he tellowng
structural formula was obtained. The wei ght average 20 nol ecul’ar wei ght

(My) 6f tihisispolyiner as calaulaied g atiaedQ Rolstyrere standards was
3,260 g/nmol, and the ratio of the weight average nol ecul ar wei ght and the

nunber averede: awiligcul aratweight andvaVist s 1. d3&elopiM)y; ¢H¥nt hesi s Exanpl e
for polyner 3)
exposed resist pattern.

As the substrate, a wafer substrate can be used, and

as the method for coating a substrate, methods such as
10 flow casting or roll coating can be used.

Specifically, the resist compositicn is applied on a
substrate such as a silicon wafer to a film thickness of
0.3 pm to 2.0 pm, and this f£ilm is prebaked for 1 minute
to 10 minutes at 60°C to 150°C, and preferably for 5

15 minutes at 80°C to 130°C.

Subsequently, the resist film is partially irradiated
with radiation in order to form a fine pattern. The
radiation that can be used at this time is not
particularly limited, but ultraviolet radiation such as I-

20 line; far-ultraviolet radiation such as KrF excimer laser
light, ArF excimer laser light, or F, excimer laser light;
X-radiation; and charged particle radiation such as an
electron beam can be used. The radiation can be
appropriately selected for use in accordance with the type

25 of the acid generator.
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30 g of the nononmer for polynerization, BHP-5, produced in Synthesis
Exanpl e for nononmer 1 as described 5 above and 2.48 g of dinethyl
azobi si sobutyrate as a polynerization initiator were introduced together
with 80 g of 1,4-dioxane into a flask, and then the conpounds were m xed.
The interior of the flask was purged with nitrogen by using nitrogen gas,
and then the tenperature inside the 10 flask was increased to 75C. Wen the
tenperature inside the flask increased to 75C, a solution prepared by

di ssolving 8.8 g of naleic anhydride and 14.01 g of 7- butyrolactyl

nmet hacrylate in 80 g of 1,4-dioxane was slowy added dropwi se into the

flask over 2 NOWS O30 193 S 98 (RUAR; fokiegct Log uas garried out
np npl'ete poly

for 5 hours at 'the sane ténperature to co meri zat1on, and the

t enper at uzeo Of 1 hey 7 &FCtiOn 90l utign thys Qf&@é%&%&?@'f@ to room
00

tenperature. The reaction solution thus c ed to roomtenperature was

preci pi t atecdy tusiing any /207 exeesst AERUAL: of B hanol, ands then the
precipitate was filtered. At the tinme of filtration, the precipitate was

washed witd gdie: sanpo S0hy enti and dhen 4as 1dried under: Jedycegopregsure.

Thus, 42 g of a polynmer (VI) having the follow ng structural fornula was

obt ai ped.1:5lite , weinghtp raverage ymebecul ap weqnghtic E M) + of otchis, polgser as 5
calculated relative to polystyrene standards was 4,300 g/nol, and the ratio

of the wei ght Adveragée enelposiiar weioght sandhthexpuaber rayesage nol ecul ar
wei ght, Mw M, was 1.45. 10(Synthesis Exanple for polyner 4) 8.45 ¢
of nor borfEre &t al horonerodfat polumerd zatdeor lapd n8. 30 lg tabrndifoet hyl

azobi si sobutyrate as a
0.1 %to 3 minutes, and preferably for 0.5 to 2 minutes, by

a conventional method such as a dipping method, a paddle
10 method or a spray method, and thereby a desired pattern is
formed on the substrate. Regarding the developing
solution that can be used in this case, an agueous
solution containing sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium silicate, sodium methanesilicate,
15> ammonia, ethylamine, n-propylamine, triethylamine,
tetramethylammnonium hydroxide, tetraethylammonium
hydroxide, or the like can be used, and preferably,
tetramethylammonium hydroxide may be used.
Furthermere, the developing solution may optionally
20 include other additives such as a surfactant or a water-
solukle alcohol.
As discussed above, a fine resist pattern having
excellent sensitivity and resolution can be formed by the
pattern forming method using the resist composition

25 according to the present invention.
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pol ynerization initiator were introduced together with 76.89 g of

1, 4-dioxane into a flask, and then the 15 conpounds were m xed. The
interior of the flask was purged with nitrogen by using nitrogen gas, and
then the tenperature inside the flask was increased to 75C. Wen the
tenperature inside the flask increased to 75C, a solution prepared by

di ssolving 8.8 g of nmaleic anhydride, 2020 g of

1,1,1, 3,3, 3-hexafl uoroi sopropyl acrylate, and 14.01 g of y-butyrol actyl
nmet hacrylate in 76.89 g of 1,4- dioxane was slowy added dropw se into the
flask over 2 hours by using a syringe punp. A reaction was carried out for
5 hours at th t r rete ¢ Iete ) ynerlz tion d the
temperature o E%%%§¥g§b |o%&%0 ati o %n% S Bt eﬁgd WEENEBBR efit ? room

t enper at I t ti 1 ol raom tenperature was

pr eci pi t:éidd {}{arusk?é?\tg %r&r)lrhe%%e;is Sg)nnéu UCSoaf % Jflshano aVlnr(ijd rﬁiéLﬁlatrHe

pr eci pi t alies weasy {4t ered, A e o of AL L Lpalian, Lhe preci pitate was

washed mnth t he sane sol vent, uced pressure.

Thus, 37 g 0f58d400] yoml e(a\glll)y h}%\(t'ﬂ/g d:uhte th%J |gﬁ"@§?—;91t5t nvehynal, formula was

obtalned The wei ght average nol ecul ar wei ght (My) of this pol'ymer as

cal cubat atbweatat i whd @palaat Virere 1155t andands x\@@al%e%@@n%@lmu%nd the
rati o of the meight aver age nol ecul ar wei ght and t he nunber average
mol ecul ardvigfigglnt M iy, wasl Lot Ak (d@mtthesics 1Bxamphe +Hoknpol ymer 5)

Examples described herein.

EXAMPLES
1¢C {Production Example: Synthesis of monomer and
polymer]
(Synthesis Example for monomer 1)

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

trifivoroacetoxy)propionic acid tert-butyl ester

i5 (hereinafter, referred to BHP-5) mconomer

0
NCF,

0 0O /

o PPN 0

*FsCT 07 TCF, -
0 0
0 a

)K— (1t )i_

““ 0

To a solution prepared by dissolving 100 g of 3-
(bicyclo{2.2.1]hept—5~en—2~yl)—(3—hydroxy)propionic acid
tert-butyl ester (BHP), 105.75 g of trifluorocacetic

20 anhydride, and 4.67 g of dimethylpyridin-4-ylamine in 1 L
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2020 g of 3-bicyclo[2, 2, 1] hept-5-en-2-y1-3- hydroxypropionic acid t-butyl
ester (BHP) and 1.93 g of dinethyl azobisisobutyrate as a polynerization
initiator were introduced together with 35.79 g of 1,4-dioxane into a
flask, and then the conpounds were m xed. The interior of the flask was
purged with nitrogen by using nitrogen 5 gas, and then the tenperature
inside the flask was increased to 75C. Wen the tenperature inside the
flask increased to 75C, a solution prepared by dissolving 9.24 g of

met hyl adamant ane net hacrylate and 6.55 g of 7- butyrol actyl

met hacryl ate in

35.79 g of 1,4-dioxane was 10 slowy added dropwi se into the flask over 2
hours by i in tion: . rried out for .5 hours at
MP r'ﬁ'@tlg}/fé(z[lé 9, P @, Aﬁ%gf%n% (pf |loe(r:1t%1ya'.lr$§lltrﬁe Wtaésr’rﬁe;TOﬂ'

t he sane tenper ure to conplete rza

ol on 2O ARopPkge O AAET RS (00 g R8T LETRELA ! B e

reaction solution us 1 to roomte

usi Nng an exeesss amyits of - amtdanal e andy thenthe, th%g;iu@ti %tht
W

At the tinme of filtration, the precipitate was washe

re of the

tated by
was filtered.
e sane

sol vent, anekihen was drdech pnder raguged OF e8SW 8 enbhis1 019 & ,0f a pol ymer
(M11) having 20 the follow ng structural formnmula was obtained. The wei ght

aver age mle@ctihar wed ghis{dMVwiath thiisd polyners@as el culated
pol ystyrene standards was 6,231 g/nmol, and the ratio of the

ef1gtive to
wei ght aver age

mol ecul artivei ghgaaind tdwee nunders soeeragel moleeulsa weitght, <My Mh, was

251. 92.

separated organic layer was removed, and thereby 130 g of

BHP-5 as n intermediate product (compound (I)) was

obtained.

10 "H-NMR: §(ppm) 0.6(d, 1H), 0.82(d, 1H), 1.25(m,

1H),

1.42(m, 1H), 1.58{(s 1H), 1.7{(m, 1H), 1.9(m, 1H), 2.08(m,

L2H), 2.15~2.6{m, 3H) 2.88(m, 2H), 4.7{(m, 1H), 5.15(m, 1H),

5.25(m, 1H), 5.9(s, 1H), 6.22(s, 1H)
(Synthesis Example for polymer 1)

15 30 g of the monomer for polymerization, BHP-5,

20

25

produced in Synthesis Example for monomer 1, and 1.65 g of
dimethyl azobisisobutyrate as a polymerization initiator
were introduced together with 58.2 g of 1,4-dioxane into a
flask, and then the compounds were mixed. The interior of
the flask was purged with nitrogen by using nitrogen gas,
and then the temperature inside the flask was increased to
75°C. When the temperature inside the flask increased to
75°C, a solution prepared by dissolving 8.8 g of maleic
anhydride in 58.2 g of 1,4-dioxane was slowly added

dropwise into the flask over 2 hours by using a syringe

68



[ Experiment Exanple: Formation of resist filmand anal ysis of
characteristic of resist filmproduced] (Exanple and Conparative Exanple)
5As the additive for a resist conposition, 1.0 g of each of the polyners
synt hesi zed in Synthesis Exanples for polymer 1 to 5 was di ssol ved toget her
with 5 g of a base polynmer for resist represented by the follow ng fornul a
(27) (Mwx. 8,500 g/nmol, MM Mh: 1.75, nolar ratio of the 10respective
repeating units (x:y:z:w) was 1:1:1:1) and 0.31 g of a photoacid generator
represented by the followng fornula (28) in 80 g of propylene glycol
nonoet hyl ether acetate (PGVEA), and then the solution was filtered through

S honsPropene LiLLst hayiog A pign ol 0.2 e S, easL
[ Chemi cal cEropl @, 2010 ddfpie® GF3herization, and the
temperature of the reaction solution thus obtained was
cooled to room temperature. The reaction solution thus
5 cooled to room temperature was precipitated by using an
excess amount of methanol, and then the precipitate was
filtered. At the time of filtration, the precipitate was
washed with the same solvent, and then was dried under
reduced pressure. Thus, 20 g of a polymer (IV) having the
10 following structural formula was obtained. The weight
average moclecular weight (Mw) of this polymer as
calculated relative to polystyrene standards was 3,260
g/mol, and the ratio of the weight average molecular

welght and the number average molecular weight, Mw/Mn, was

15  1.38.
o ﬁ.-v:.’-p—-«w-\m'\ m‘{mmw‘ -{u‘\[\;‘u’l’»}'\nﬁow
% %%f%}ﬁgmmn Oﬁl:ik&orn
— Of\ ©

o0
O
Q
ya
! (M}
(Synthesis Example for polymer 2)
30 g of norborene as a monomer for polymerization,

and 6.45 g of dimethyl azobisisobutyrate as a

20 polymerization initiator were introduced together with
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HON 'CF3 [Chemi cal Formula 28] s+ -05-CF2CF2CF2CF3 On a silicon
substrate, an anti-reflection film5(BARC) having a thickness of 90 nm was
formed, and the resist conposition prepared as descri bed above was applied
on the substrate where the anti-reflection film had been forned.
Subsequently, the substrate was baked for 60 seconds at 100C, and thus a
resist filmhaving a thickness 10 of 120 nm was formed. The sliding
angl es and the receding contact angles of the resist films thus formed were
respectively measured. More specifically, the substrate having the resist
filmformed thereon was mai ntained horizontally, and 50 p.1 15 of pure

wat er wasg dgeg fopvx,hsig %gﬁgoméggogﬂg\@t néjrt Ieta1e Scuot?nspeoqluedﬁstly t he
silicon su str te
were mixed. The interior of the flask was purged with
nitrogen by using nitrogen gas, and then the temperature
inside the flask was increased to 75°C. When the
5 temperature inside the flask increased to 75°C, a solution

prepared by dissolving 18.75 g of maleic anhydride and
42.46 g of 1,1,1,3,3,3~hexafluoroisopropyl acrylate in
138.88 g of 1,4-dioxane was slowly added dropwise into the
flask over 2 hours by using a syringe pump. A reaction

10 was carried out for 5 hours at the same temperature to
complete polymerization, and the temperature of the
reaction solution thus obtained was cooled to room
temperature. The reaction solution thus cooled to room
temperature was precipitated by using an excess amount of

15 methanol, and then the precipitate was filtered. At the
time of filtratiocn, the precipitate was washed with the
same solvent, and then was dried under reduced pressure.
Thus, 20 g of a polymer (V) having the following
structural formula was obtained. The weight average

20  molecular weight (Mw) of this polymer as calculated
relative to polystyrene standards was 3,260 g/mol, and the
ratio of the weight average molecular weight and the

number average molecular weight, Mw/Mn, was 1.38.
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inclined, and the angle of the silicon substrate at which the water
droplets started to slide (sliding angle) and the recedi ng contact angle
were measured. The results are presented in the follow ng Table 1. _
SSubsequently, in order to reproduce imrersion exposure, the resist film
after exposure was rinsed with pure water for 5 mnutes. That is, exposure
was carried out with an ArF scanner 3060 (NA - 0.78, 6% hal ftone nask)
manuf actured by Ni kon Corp., and rinsing was carried out 10 for 5 m nutes
whil e adding pure water. After an exposure for 60 seconds at 110C, PEB was
carried out, and devel opnent was carried out with a 2.38 wt % TMAH

devel opi ng solution for 60 seconds. The silicon substrate thus
produced was : the 15} sens t|V|t was evaluated. At this tinme, the
anount of ' ' ti I'eved was desi gnated [ Tabl el]
Resi st Addi t 1 By nm /S :1 can be as sensitivity. Sliding

ont§%t|§%n5|t|V|ty @Conp03|t|on resist() angle() (mJ/cnR)

>-CF”3
V)

(Synthesis Example for polymer 3)
30 g of the monomer for polymerization, BHP-5,
produced in Synthesis Example for monomer 1 as described
5 above and 2.48 g of dimethyl azobisisobutyrate as a
polymerization initiator were introduced together with 80
g of 1,4-dioxane into a flask, and then the compounds were
mixed. The interior of the flask was purged with nitrogen
by using nitrogen gas, and then the temperature inside the
10 flask was increased to 75°C. When the temperature inside
the flask increased to 75°C, a solution prepared by
dissolving 8.8 g of maleic anhydride and 14.01 g of y-
butyrolactyl methacrylate in 80 g of 1,4-dioxane was
slowly added dropwise into the flask over 2 hours by using
15 a syringe pump. A reaction was carried out for 5 hours at
the same temperature to complete polymerization, and the
temperature of the reaction solution thus cobtained was
cooled te room temperature. The reaction solution thus
cooled to room temperature was precipitated by using an
20 excess amount of methanol, and then the precipitate was

filtered. At the time of filtration, the precipitate was
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Example 1 Polyner 1(1V)89 78134 1Exanple 2Polynmer 2(V) 87 76 34 1lExanple
3Pol ynmer 3(VI) 82 73 33 ! Exanpl e 4Pol yner 4(VI1) 82

washed with the same solvent, and then was dried under
reduced pressure. Thus, 42 g of a polymer (VI) having the
following structural formula was obtained. The weight
average molecular weight (Mw) of this polymer as

5 calculated relative to polystyrene standards was 4,300
g/mol, and the ratio of the weight average molecular
weight and the number average molecular weight, Mw/Mn, was

1.45,
B VAR e %’MM
=& /LCF BN )
{ =

=0 Q
Q
\‘L/
/ ‘\ il
10 (Synthesis Example for polymer 4)

8.45 g of norborene as a monomer for polymerization
and 3.30 g of dimethyl azobisisobutyrate as a
polymerization initiator were introduced together with
716.89 g of 1,4-dioxane into a flask, and then the
15 compounds were mixed. The interior of the flask was
purged with nitrogen by using nitrogen gas, and then the
temperature inside the flask was increased to 75°C. When

the temperature inside the flask increased to 75°C, a
solution prepared by dissolving 8.8 g of maleic anhydride,

20 20 g of 1,1,1,3,3,3~hexafluoroisopropyl acrylate, and
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72 33 1 !Conparative] Polymer 5 (VIIl) Exanple 1 1 75 65 [ No pattern
f or med According to the results described in Table 1, the 20
resist films formed by using the resist conpositions of Exanples 1 to 4
that contained the copolyner as the additive for resist according to the
present invention, exhibited larger sliding angles and |arger receding
contact angles as conpared with the resist filmfornmed by 5 using the
resi st conposition of Conparative Exanple 1 that contained the polyner 5
(M11) as the additive for resist. Fromthese results, it can be seen
that the resist filns produced with the resist conpositions of Exanples 1
to 4 have u&iicie t h¥lro obicitéf %nd the formation of 10 a protective
v e

fil m agai he Fedi st HiT0 %%F%&l fﬁfrﬁﬂfﬁﬁnépsgén8§x§o§§Lérﬁs_ t
ce t r e, I esi ilns far y..using the. resis
ggprgosisf ?ﬁo’%%%%?é E&hag%rpr?lecgﬂf} Pa odc_gle excﬁrltiﬁ“flesc? i ({rog&glc? egcléieﬁlﬁ %ﬁ’tersgnsi tivity
charact erjsties,¢ &é%h&'é“%§¥iﬂé€“ﬁ&ﬂé¥" SRS G o ML I i ed our
for 5 hours at the same temperature to complete

polymerization, and the temperature of the reaction

N

solution thus obtained was cooled to room temperature.
The reaction sclution thus cooled to room temperature was
precipitated by using an excess amount of methanol, and
then the precipitate was filtered. At the time of
10 filtration, the precipitate was washed with the same
solvent, and then was dried under reduced pressure. Thus,
37 g of a polymer (VII) having the following structural
formula was obtained. The weight average molecular weilght
(Mw} of this polymer as calculated relative to polystyrene
15 standards was 4,200 g/mel, and the ratio of the weight
average molecular weight and the number average molecular

weight, Mw/Mn, was 1.54,.

- NPV VAP SUUREEOVS W0 SO N
m 0
N0 O C}:o }D
)yCFs Z‘\
FC O/ij
(Vi)

(Synthesis Example for polymer 5)
20 20 g of 3-bicyclo[2,2,1l]hept-5-en-2-yl-3~

hydroxypropionic acid t-butyl ester (BHP) and 1.93 g of
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15 the case of the resist conposition of Conparative Exanple 1, pattern
formati on was not achieved, so that sensitivity neasurenent could not be
per f or med. Thus, preferred enbodi ments of the present invention have
been described in detail, but the scope of-the 20 present invention is not
intended to be limted thereto, and various nodifications and inprovenents
made by those having ordinary skill in the art by using the fundanental
concept of the present invention are also included in the scope of the
present invention. 25 WHAT IS CLAIMED I S: 1. An additive for resist
represented by the following formula (1): 5[ Chem cal Formula 1] wherein in

the for ; . R - . ea i e tly represent a group
selectegu#§%%$%¥éa%ﬁ%ﬁﬁgiﬁﬁéﬁgfﬁﬂaﬁgs %‘ﬁgﬁ"oggﬁj§ﬁ§%¥lé“fgl %964 al kyl

group, a Mf@gﬁmt@écﬁmecﬁ%fe%%l@ oal ky gggﬁﬁa,.,i*ﬂnﬁd%ix%rﬁeog?l‘g%c the

hydrogen atons of an al kyl group is substitute a hal ogen R1

and R2 eachriggependentd o Hept eseifioddy dr09em, :3Lem Ofppa %tf@i%'ﬁky' gr oup;

15R3 represents a group selected fromthe group consisting of a hydrogen
at om and dtingid ofad s JgreUPSHLepiesented iik-Jdhe el hewng fiermdkas (2) and
(3): [Chem cal Fornula 2]

5 gas, and then the temperature inside the flask was
increased to 75°C. When the temperature inside the flask
increased to 75°C, a solution prepared by dissolving 9.24 g
of methyladamantane methacrylate and 6.55 g of y-
butyrolactyl methacrylate in 35.79 g of 1,4-dioxane was

10 slowly added dreopwise into the flask over 2 hours by using
a syringe pump. A reacticn was carried ocut for 5 hours at
the same temperature to complete polymerization, and the
temperature of the reaction solution thus obtained was
cooled te room temperature. The reaction solution thus

15  cooled to room temperature was precipitated by using an
excess amount of methanol, and then the precipitate was
filtered. At the time of filtration, the precipitate was
washed with the same solvent, and then was dried under
reduced pressure. Thus, 19 g of a polymer (VIII) having

20 the following structural formula was obtained. The weight
average molecular weight (Mw)} of this polymer as
calculated relative to polystyrene standards was 6,231
g/mol, and the ratio of the weight average molecular

welght and the number average molecular weight, Mw/Mn, was

25 1.92.
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20[ Chem cal Formul a 3] R33 wherein in the formulas (2) and (3), R21
represents a hydrogen atom or a hydroxyl-protecting group selected from
the group consisting of a 01-0Om al kyl group, a (01-020 5 al koxy) al kyl

group, a 03-030 cycl oal kyl group, a fornyl group, a (01-020 al kyl)carbonyl
group, a (03-C3 cycl oal kyl)carbonyl group, a (01-020 al kyl)carboxyl group,
and a (03-030 cycl oal kyl ) carboxyl group; R31 represents a hydrophobi c group
selected fromthe 10 group consisting of a 01-020 hal oal kyl group, an
organosilicon group and a 03-070 hydrocarbon group, such that if R31.
represents an organosilicon group, p represents 0, while if R21. represents
a 01- Cm hal oal kyl group or a 03- 020 hydrocarbon group, p represents 1,

15RH and n YA =) sent a group selected fromthe group
S A

consi stin iyl @up, a 02-C7 al kenedi y1 group, a 01-070
het er oal kane group, 2 02q3he er oal kenedi yl group, a 03-03Q
cycloalkanedlyl 03Q C oalkenedlyl group, a 02- 20 Cm
heterocycloalkanedlyl p, and 30 het er ocycl oal kenedi yl group; RH
and RH each inde epentl resen aC|d | abi | e

A W)

[Experiment Example: Formation of resist film and
analysis of characteristic of resist film produced]
(Example and Comparative Example)

5 As the additive for a resist composition, 1.0 g of
each of the polymers synthesized in Synthesis Examples for
polymer 1 to 5 was dissolved together with 5 g of a base
polymer for resist represented by the following formula
(27) (Mw: 8,500 g/mol, Mw/Mn: 1.75, molar ratic of the

10 respective repeating units (x:y:z:w) was 1:1:1:1) and 0.31
g of a photoacid generator represented by the following
formula (28) in 80 g of propylene glycol monoethyl ether
acetate (PGMEA}, and then the solution was filtered
through a polypropylene filter having a pore size of 0.2

15 upm. Thus, resist compositions (Examples 1 to 4, and
Comparative Example 1) were prepared.

[Chemical Formula 27]
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Rer' Sr Rc group selected fromthe group consisting of RoPa Ro (RA, and
"wherein Ra, Rb, Re and Rd each independently represent a group sel ected
fromthe group consisting of a 01-C20 al kyl group, a 03-030 cycl oal kyl
group, a (C-Co 5 al kyl)cycl oal kyl group, a hydroxyal kyl group, a Cl-C2o0
al koxy group, a (Cl-C a al koxy)al kyl group, an acetyl group, an acetyl al kyl
group, a carboxyl group, a (Ca-C o al kyl)carboxyl group, a (03-018
cycl oal kyl ) carboxyl group, and a 03-030 heterocycl oal kyl group, or adjacent
groups may 10 be bonded to each other to forma C3-C30 saturated or
unsat ur at ed hydrocarbon ring or a 02 030 heterocyclic group; X
represents |nt ger fro 0 to 3 epresents an integer fromO to 10;
15R4 represe x opho s | ected fromthe group consisting of a
Cl - C20 halo f‘ on Qup, ), ~and a C3-C20 hydrocar bon
group; represen a grouﬁz el ect &@% rom the group consisting of a
hydr ogen atonf_W\C1 C20 @ &up, a C20\20 020 al kenyl group, a 03-030
cycl oal kyl groue?“&”t3- yl greup, a C6- 030 aryl group, a

01' 020 iy kY ‘(/
=20 O R
\ FsC. /
P HE)NZ:
. CFq

[Chemical Formula 28]

=

I

i

0
It
©_5+ - -08-CFCRyCF,CF;
- ' ©
T

On a silicon substrate, an anti-reflection film

(BARC) having a thickness of 90 nm was formed, and the

N

resist composition prepared as described above was applied
on the substrate where the anti-reflecticn film had been
formed. Subsequently, the substrate was baked for 60
seconds at 100°C, and thus a resist film having a thickness
10 of 120 nm was formed.
The sliding angles and the receding contact angles of
the resist films thus formed were respectively measured.
More specifically, the substrate having the resist
film formed thereon was maintained horizontally, and 50 ul
15  of pure water was added dropwise thereon to form water

droplets. Subsequently, the silicon substrate was slowly
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het er oal kyl

group,

a C2-C30 heterocyclic group,

and

conbi nati ons thereof;

1, m n and o respectively represent the proportions of correspondi ng

repeating units in the main chain,

such t hat

| +mtn+o0 = 1, while 0 <

1/ (1+mtn+0) < 0.9, 0.2 < 5nm (1+mtn+0) < 0.9, On/(1+mtn+o) < 0.9, and 0 _c ,
o/ (1+mtn+0) < 0.9provi ded that when R3 represents a hydrogen atomor a

functi onal

an integer of 0 or _
wherein R3 represents a hydrogen atom or a functional
structure represented by the fornmula (2);

represent

. i
chai n,

CuEn ERBEar

group represented by formula (2),

1. 10 2. The

OL L4 OfYe

+mtn+o0 -

i

additive for

opL" grecly

e

units

% Atp 1L

nis not 0; and p represents
resist according to Caiml,
group having a

and 1, m n and o respectively

59 e

i.n.the main

M (1+mn+0) o <, Q¢ Oy &Eébfgééjggg?%@d<%5L§%i§gukélf%ing angle) and

the receding contact angle were measured.

presented in the following Table 1.

The results are

5 Subsequently, in order to reproduce immersion
exposure, the resist film after exposure was rinsed with
pure water for 5 minutes. That is, exposure was carried
out with an ArF scanner 306C (NA = 0.78, 6% halftone mask)
manufactured by Nikon Corp., and rinsing was carried out
19 for 5 minutes while adding pure water. After an exposure
for 60 seconds at 110°C, PEB was carried out, and
development was carried out with a 2.38 wt$% TMAH
developing sclution for 60 seconds.
The silicon substrate thus produced was cut, and the
15 sensitivity was evaluated. At this time, the amount of
exposure by which resolution of 65-nm L/S at 1:1 can be
achieved was designated as sensitivity.
[Table 1]
7777777 Resist WU“Additive for Sli&ing angie-”ﬁeceding égntactg Sensitiyéé&
composit}gn resist (") angle () (mJ/cim"")
Example %_ Polymer 1 (IV) 89 j? 34m‘
Example ?m Polymer 2 (v} | 87 ?6 34
Example 3m Polymer 3 (VI} 82 e 33
VwExample 4 “mgplymer 4 {VI1} “82 72_m 33
ngz;gi;iie Polymer § (VITT) 75 ) 65 No pattern formed
According to the results described in Table 1, the
20  resist films formed by using the resist compositions of
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o/ (1+mtn+o) < 0.9. 203. The additive for resist according to Caiml,
wherein R3 represents a hydrogen atomor a functional group having a
structure represented by the formula (3); and 1, m n and o _ _
respectively represent the proportions of corresponding repeating units in
the main chain, such 25that |+mtn+o = 1, while 0 < 1/(1+mtn+0) < 0.9, 0.2 <
m(1+m-n+o0) < 0.9, 0 5 n/(1l+mn-t-0) < 0.9, and 0 o/ (1. Imn+0) < 0.9.

4. The additive for resist according to Claiml, 5 wherein in the formula
(2), R31 represents a group that is selected fromthe group consisting of a
Cl1- C10 al kyl group, a (Cl-Cl10 al koxy) al kyl group, a C3-Cl4 nonocyclic

cycloalky*xéﬁﬁ&g% A 18$%§6g%q¥§Agéﬁ¢égﬂéﬁg %ngﬁ;%%%bﬁgbg %—CSO tricyclic

cycl oal kyl group, a efracyclitc cyclo .. a fornmyl group,

Cl-dC Wi o B .G ); nyl. group, a
?C&-CJO gﬁ%@%?%%%ﬁ%i??ﬂ%%%%%?ﬂgﬁ ag%%ﬁg%ﬁéﬁ%g%%%£1 yf§§%$§g¥?r group. 5.

The addi tdme: f Ofed esd Sfe 2CCOrHi 19 4:0,dAidm 1lajr%equ’r@%e%iin% the formula
(2), Rn represents a group that 1s selected fromthe group consisting of a
fornyl gradpsad@ angles as compared with the resist film formed by
5 using the resist composition of Comparative Example 1 that
contained the polymer 5 (VIII) as the additive for resist.
From these results, it can be seen that the resist
films produced with the resist compositions of Examples 1
to 4 have sufficient hydrophobicity, and the formation of
10  a protective film against the resist film at the time of
immersion exposure is unnecessary. Furthermore, the
resist films formed by using the resist compositions of
Examples 1 to 4 exhibited improved excellent sensitivity
characteristics t the time of immersion exposure, while in
15 the case of the resist composition of Comparative Example
1, pattern formation was not achieved, so that sensitivity
measurement could not be performed,
Thus, preferred embodiments of the present invention
have been described in detail, but the scope of the
20 present invention is not intended to be limited thereto,
and various modifications and improvements made by those
having ordinary skill in the art by using the fundamental
concept of the present invention are alsc included in the
scope of the present invention.

25
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acetyl group, a nethoxynethyl group, a t-butylcarbonyl group, a
t - but yl oxycarbonyl group, a cycl ohexyl carbonyl group, a cycl opentyl carbonyl
group, a cycl ooctyl carbonyl 20 group, an adamantyl carbonyl group, and a
bi cycl o[ 2, 2, 1] hept yl net hyl car bonyl group. 6. The additive for
resist according to Claiml, wherein in the formula (3), R31 represents a
group that is 25 selected fromthe group consisting of a CL-Cl10 fluoroal kyl
group, a silyl group, a d-Cl0 al kylsilyl group, a chain- 1ike or branched
C3-C10 al kyl group, a C3-Cl14 nonocyclic cycloal kyl group, a C8-Cl8 bicyclic
cycl oal kyl group, a C10- Cmtricyclic cycloal kyl group, and a Cn-Cm
tetracycly C oup. 7. The additive for resist according
to Clain1q$A§hg¥e¢ﬁg#%%¢ﬁggfornula (3), Rmrepresents a group that may be
selected fromthe group consisting of a t-butyl group, 10 a trifl uoronethyl
group, a trinethylsilyl group, a di(trifluoronethyl)isopropyl group, a
pent af | uor oet hy| - a Aept.afl.uqropropyl. gr.au e 8. The
additive for resig%pggﬁgggﬁﬁbI?%péﬁgvﬁgiggfg%%gpgﬁﬁ ?K %ﬁg formulas (2) and
(3), R23 andi K3ngagh-hpdependently represent an acid-labile group that may
be " AscRc "

5 [Chemical Formula 1]

2

R Pl
R- RHR3

wherein in the formula (1),
R', R" and R"' each independently represent a group
selected from the group consisting of a hydrogen atom, a
10 Cy-Cy4 alkyl group, a halogen atom, and a C-C4 haloalkyl
group in which one of the hydrogen atoms of an alkyl group
is substituted by a halogen atom;
Ry and Ry each independently represent a hydrogen atom
or a Ci1-Cy alkyl group;
15 R; represents a group selected from the group
consisting of a hydrogen atom and functional groups
represented by the following formulas (2) and (3):

[Chemical Formula 2]

20 [Chemical Formula 3]
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Rae-\ wherein Ra, Rb, Re and Rd independently represent a group selected
fromthe group consisting of a G-GCa 20 al kyl group, a C3-Cl4 nonocyclic
cycl oal kyl group, a Ce-C20 bicyclic cycloal kyl group, a On-Cmtricyclic
cycl oal kyl group, a CHCmtetracyclic cycloal kyl group, a (01-05
al kyl ) cycl oal kyl group, a hydroxyal kyl group, a Cl-Cip al koxy group, a
(Cl-05 al koxy) al kyl group, an acetyl group, an acetyl al kyl group, a
car boxyl group, a (01-05 al kyl)carboxyl group, and a (03-010
cycl oal kyl ) carboxyl 5 group, or adjacent groups nmay be bonded to each ot her
to forma saturated or unsaturated C6-Cl8 hydrocarbon ring or a C5-C10
heterocyclic greup; x represents an integer fromO to 3; and y represents
an integep”froﬁmp}to 5. 109. The additive for resist according to Claima1,
wherein in +farpul as (2) and (3), R23 and R33 each independently
represent Ra group”tHat may be selected fromthe group consisting of a
t-butyl growm a trinmethylsilyl group, a hydroxyl-2-ethyl group, a
1-nethoxypjopy| group, 15 a 1-nethoxy-1-nethylethyl group, a 1-ethoxypropyl
group, a 1l+gthoxy-1-nethylethyl group, 1-nethoxy-1-ethyl group, a
wherein in the formulas (2) and (3), R, represents a
hydrogen atom, or a hydroxyl-protecting group selected
from the group consisting of a C;-Cap alkyl group, a (Cy-Cug
5 alkoxylalkyl group, a C3-Ci cycloalkyl group, a formyl
group, a (C1-Cy alkyl)carbonyl group, a (Cz~Csg
cycloalkyl)carbonyl group, a (Ci-Cz alkyl)carboxyl group,
and a (C3-Czp cycloalkyl)carboxyl group;
Ra1 represents a hydrophobic group selected from the
16 group consisting of a C;-Cy haloalkyl group, an
organosilicon group and a C3-Cy hydrocarbon group, such
that if Ry represents an organosilicon group, p represents
0, while if Rs; represents a C1-Cap haloalkyl group or a Cz-
Coo hydrccarbon group, p represents 1;
15 Rzz and Rjz each independently represent a group
selected from the group consisting of a C;-Cyy alkanediyl
group, a C;=Cy alkenediyl group, a C,-Czy heterocalkanediyl
group, a C;-Cz hetercalkenediyl group, a Ci-Csg
cycloalkanediyl group, a C3-Ci cycloalkenediyl group, a C,-
20 C3p heterocycloalkanediyl group, and a C3;-Cse

heterocycloalkenediyl group;

Rzz and Rizz each independently represent an acid-labile
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1- et hoxyl-1-ethyl group, a t-butoxy-2-ethyl group, a 1- isobutoxy-I-ethyl
group, and groups represented by the followng fornulas (4a) to (4k):
wherein in the formulas (4a) to (4k), R, R' and R'' each independently
represent a hydrogen atomor a Cl1-010 al kyl group; a and e each represent
an integer fromO to 15; b 5 represents an integer fromO to 11; ¢ and d
each independently represent an integer fromO to 9; f represents an
integer fromO to 7; g and i each independently represent an integer fromO
to 6; h represents an integer fromO to 4; Oc+dl7; and 0 5_ 10c+f < 15.

10. The additive for resist according to Claim1, wherein in the fornul as
(2) and (3), Rn and Rm each independently represent a ?roup seleqied from

t he group conS|st|ng of noieties represented by the fo hoﬁﬁng £ yﬁhlas (5)
to (5h): % 50 11. The additive for resist accordif 4o CI ﬂhl 10
wherein i A“tHE ForRuFad (Lyom Ra¢ epf et Yroup 2that i s Sl ect éd from t he

group consisting of a Cl-CH fluoroal kyl group, a silyi group, a Cl-Cl0
al kyl silyl groug\rapchain | i ke or branched C3-C10 al kyl group, C3-Cl4

nmonocyclic cycl oal k group, a C8-C18 bicyclic cycloal kyl group, a CH 15

Cmtric C|IC b I rou , and a CHCmtetracyclic cycl oal k roup.
Y G&QJ *y g p n Rz, Ry, Re and Ry eagh lndeﬁendent{y g P

represent a group selected from the group consisting of a
C1~Ceo alkyl group, a C3-Ci3p cycloalkyl group, a {(C;-Cig

5 alkyl)cycloalkyl group, a hydroxyalkyl group, a Ci-Cag
alkoxy group, a (C3-Cyp alkoxy)alkyl group, an acetyl group,
an acetylalkyl group, a carboxyl group, a {C.-Cig
alkyl)carboxyl group, a (C3;-Cig cycloalkyl)carboxyl group,
and a C3-C3p heterocycloalkyl group, or adjacent groups may

10 be bonded to each other to form a C3-Cs3p saturated or
unsaturated hydrocarbon ring or a C;-Ciy heterocyclic
group;

X represents an integer from 0 to 3; y represents an
integer from 0 to 10;

15 Ry represents a hydrophobic group selected from the
greoup consisting of a C;-Cy haloalkyl group, an
organosilicon group, and a C3-Cyp hydrocarbon group:

Rs represents a group selected from the group
consisting of a hydrogen atom, a Ci-Cy alkyl group, a Co-

20 Cz0 alkenyl greoup, a C3~Csio cycloalkyl group, a C3-Csig
cycloalkenyl group, a Cg-Csp aryl group, a Ci-Cog

hetercalkyl group, a C;-Csy heterocyclic group, and
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12. The additive for resist according to Caiml, whereinin the formula
(1), R4 represents a group that is selected fromthe group consisting of a
t-butyl group, a trifluoronethyl group, a trimethylsilyl group, a

di (trifluoronethyl)isopropyl group, a pentafluoroethyl 5 group, and a

hept af | uor opr opyl group. 13. The additive for resist according to
Claiml, wherein in the formula (1), R5 represents a group that is selected
fromthe group consisting of a hydrogen atom a 10Cl-Cl0 al kyl group, a
C2- C10 al kenyl group, a C3-Cl14 nonocyclic cycloal kyl group, a C8-Cl8

bi cyclic cycl oal kyl group, C10-C30 tricyclic cycloal kyl group, a C23-C30
tetracycli ycl.o I ;. a C3-Cl1l8 cycl oal kenyl group, a C6-C18 aryl
group, a %@%A%%%%ota ‘ﬁ igroup, a C2-C18 15 heterocyclic group, and

cort et ons S0eLERt: s el t R Ve LR Lo ApPE RS, o O
CRb of corresponding repeating units in the main chain, such
that l+4m+n+o = 1, while 0 < 1/{l+m+n+o) < 0.9, 0.2 <
5 m/(l+m+n+o) < 0.9, 0 € n/(l+m+tn+o) < 0.9, and 0 <
o/ (l+m+n+o) < 0.9, provided that when R; represents a
hydrogen atom or a functional group represented by formula
(2), n is not 0; and
P represents an integer of 0 or 1.
10
2. The additive for resist according to Claim 1,
wherein Rz represents a hydrogen atom or a functional group
having a structure represented by the formula (2); and
i, m, n and o respectively represent the proportions
15 of corresponding repeating units in the main chain, such
that l4min+o = 1, while 0 < L/{l+m+n+o) < 0.9, 0.2 <
m/ (l+mtn+o) < 0.9, 0 < n/{l+m+n+o) < 0.9, and 0 <

o/ {(l+min+o) < 0.9.

290 3. The additive for resist according to Claim 1,
wherein R; represents a hydrogen atom or a functional group
having a structure represented by the formula (3); and

1, m, n and o respectively represent the proportions
of corresponding repeating units in the main chain, such

25 that l+min+to = 1, while 0 < 1/(l+m+n+c) < 0.9, 0.2 <
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Ra group selected fromthe group consisting of RbRa 20 and e?TTO> (Rd)y-Lt;
),, , or a lactone group selected fromthe group Re and Rd each

i ndependently represent a Cl-C20 al kyl group, a C2-C30 cycl oal kyl group, a
(C1-C10 al kyl)cycl oal kyl group, a hydroxyal kyl group, a Cl-C20 al koxy
group, a (C1-Cl10 5 al koxy)al kyl group, an acetyl group, an acetyl al kyl
group, a carboxyl group, a (Cl-Cl0 al kyl)carboxyl group, a (C3-Cl8

cycl oal kyl ) carboxyl group, and a C3-C30 heterocycl oal kyl group, or adjacent
groups may be bonded to each other to forma saturated or unsaturated

C3- C30 hydrocarbon ring or 10 a C2-C30 heterocyclic group; Re and RO each
may be bonded to each ot her

i ndependent |y represent.a, Cl- C10 kyl group or

to form am}sé¥+ aﬁ%ﬁfcﬁ-%\ﬁ%’ h@/dﬁldb/gd'lbmi”}r'li??gf TepréSet € an integer from o0
to 3; y regpresents.ancipteger fromO to 10; z1 and wl each independently

r epr esent g& 15p%n?gger@f$bn10 to 3; z2 and w2 each independently represent
an integer from0O to 7; 05 zil5; and 0 5 z2-1-w25. 15. The additive
for resist according to daiml, wherein in the formula (1), R5 represents

a group that MRy The additive for resist according tc Claim 1,

5 wherein in the formula {(2), Rz represents a group that is
seiected from the group consisting of a C;-Cy alkyl group,
a (Ci-Cio alkoxy)alkyl group, a C3~Ciq monocyclic cycloalkyl
group, a Cg~Cig bicyclic cycloalkyl group, a Cip-Cso
tricyclic cycloalkyl group, a Cig-Ci tetracyclic cycloalkyl

10 group, a formyl group, a (Cy~Cip alkyl)carbonyl group, a
(C3-Cis cycloalkyl)carbonyl group, a {(C1~Cig alkyl)carboxyl

group, and a (C3-Cy;y cycloalkyl}carboxyl group.

5. The additive for resist according to Claim 1,

15 wherein in the formula (2), Ry represents a group that is
seiected from the group consisting of a formyl group, an
acetyl group, a methoxzymethyl group, a t-butylcarbonyl
group, a t-butyloxycarbonyl group, a cyclohexylcarbonyl
group, a cyclopentylcarbonyl group, a cyclooctylcarbonyl

20 group, an adamantylcarbonyl group, and a

bicyclel[2,2, 1]heptylmethylicarbonyl group.
6. The additive for resist according to Claim 1,

wherein in the formula (3), R3: represents a group that is

25 selected from the group consisting of a C;-Cyy fluoroalkyl
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20 be selected fromthe group consisting of a t-butyl group, a
trimethylsilyl group, a hydroxyl-2--ethyl group, a 1- nethoxypropyl group,
a 1-net hoxy-| -net hyl ethyl group, a 1- ethoxypropyl group, a

1- et hoxy-I|-net hyl ethyl group, a 1- nethoxy-Il-ethyl group, a

1- et hoxy-1|-ethyl group, a tbutoxy-2-ethyl group, a 1-isobutoxy-I-ethyl
group, and groups represented by the followng fornulas (6a) to (6m:

0-45 (CM b5wherein in the formulas (6a) to (6n), R, R' and R'" each

i ndependently represent a hydrogen atomor a Cl-Cl0 al kyl group; a and 3
each represent an integer fromO to 15; b represents an integer fromO to

11; ¢ and.d cq%i Qggntly represent. . an integer fromO to.9; f

represent%’%ﬁ?% n éggﬁﬁfr rﬁ%?%t?‘%g %}oia%ﬁé}ﬁgkiijgroup, 2 cnd i
like or branched C3~Cip alkyl group, a C3-Cp;s monocyclic
cycloalkyl group, a Cg-Cig bicyclic cycloalkyl group, a Co-
Cyo tricyclic cycloalkyl group, and a Cij3—-Ci tetracyclic

5 cycloalkyl group.

7. The additive for resist according to Claim 1,
wherein in the formula {3), Rj represents a group that may
be selected from the group consisting of a t-butyl group,

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

group, and a heptafluoropropyl group.

8. The additive for resist according to Claim 1,
15 wherein in the formulas (2) and (3), Ru; and Rys each

independently represent an acid-labile group that may be

r

Nu‘\\.fx Reg f’r:'SI'RC
Ra’f\\ | Rh
selected from the group consisting of Kb , Ra , and
S
#\TfO
.F--FL::_I' 'P
{Rd),

, wherein R., Rp, R and Rq independently represent

a group selected from the group consisting of a C;-Cig
20 alkyl group, a C3;~Cyy monocyclic cycloalkyl group, a Cg-Cag
bicyclic cycloalkyl group, a Cio~Cs tricyclic cycloalkyl

group, a Cyp-Csyp tetracyclic cycloalkyl group, a (C1-Cs
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5 independently represent an integer fromO to 6; h and j each

i ndependent|y represent an integer fromO to 4; 0 c+d 17; and 0 < c+f < 15.
16. The additive for resist according to Claim1l, 10 wherein the additive
for resist is selected fromthe group consisting of conpounds having
structures represented by the following fornulas (7) to (18): [Chem cal
Formula V] >-0 n 0 CF3 15[ Chemcal Formula 8] [Chem cal Fornula 10]

[ Chem cal Formula 11]

alkyl)cycloalkyl group, a hydroxyalkyl group, a C;~Cig
alkoxy group, a (C;-Cs alkoxy)alkyl group, an acetyl group,
an acetylalkyl group, a carboxyl group, a (C;-Cs
alkyl)carboxyl group, and a {(C3-Cig cycloalkyl)carboxyl

5 group, or adjacent groups may be bonded to each other to
form a saturated or unsaturated Csz-Cis hydrocarbon ring or
a Cs-Cyy heterocyclic group; x represents an integer from 0

tc 3; and y represents an integer from 0 to 5.

10 2. The additive for resist according to Claim 1,
wherein in the formulas (2} and (3), Ry; and Rs; each
independently represent a group that may be selected from
the group consisting of a t-butyl group, a trimethylsilyl
group, a hydroxyl-2-ethyl group, a l-methoxypropyl group,

15 a l-methoxy-l-methylethyl group, a l~ethoxypropyl group, a
l-ethoxy-l-methylethyl group, l-methoxy-l-ethyl group, a
l~ethoxyl-1-ethyl group, a t-butoxy-2-ethyl group, a 1-
isobutoxy-l-ethyl group, and groups represented by the

following formulas (4a) to (4k):
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O7H 0 0 j 00 F30 [Chem cal Formula 12] [ Chem cal Fornula 13]

10

R o . R AR (R")c
HSKW://( Ya r’r@’(ﬁﬂ)b P (R™)d
f N
|
(4a) (db) (dc)

e (0 (R")c LS
e e
(4d) (dg) (4f)

R .
. (R')c Ll
Ry B AR g~ "’z—/\fﬂ.\,%
3% 5 077
(4g) {dtm) (4i)

>K1??”jiﬁu fih 05
M L (RY
(i (dk)

wherein in the formulas (4a) to (4k), R', R" and R"' each
independently represent a hydrogen atom or a ;-3 alkyl
group; a and e each represent an integer from 0 to 15; b
represents an integer from 0 to 11; ¢ and d each
independently represent an integer from 0 to 9; f
represents an integer from 0 to 7; g and i each
independently represent an integer from C to 6; h
represents an integer from 0 to 4; 0 € c+d £ 17; and 0 <

c+f < 15.
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10. The additive for resist according to Claim 1,

wherein in the formulas (2) and (3}, Rs; and Rss each

independently represent a group selected from the group

consisting of moieties represented by the following

formulas (5) to (5h):
ey ! - "’ﬂ'h{:: ﬂ‘r{i
L o \,,,«—?—w«.‘ _{47
A L4 I
f,: k/f \\a-'-"‘"}
(5a) (5b) (5¢) (5d)
iy ot 5 a
A ~ % p )‘S{\ l \ﬁ
] . ¢ ™, /
73 |
;i.{-«i-—:_,/ iy ' .e.’::.:»w“' m
iy
(Se) .
S (59) (5h)
11.  The additive for resist according to Claim 1,

wherein in the formula

(1), Ry represents a group that is
selected from the group consisting of a C;-Cyy fluorcalkyl
group, a silyl group, a Ci;~Cy alkylsilyl group, a chain-
like or branched C3-Cyy alkyl group, C3-Ciq monocyclic
cycloalkyl group, a Cg-Ciy bicyclic cycloalkyl group, a Cio-
Cip tricyclic cycloalkyl group, and a Ci1g-Ci tetracyclic
cycloalkyl group.

12.  The additive for resist according to Claim 1,
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[Chem cal Fornula 16] Til) rl He F3 Fad [Chem cal Formula 17]

[ Chem cal Formula 18] 5 wherein in the formulas (7) to (18), 1, m n and
0 respectively represent the proportions of corresponding repeating units
in the main chain, such that | +mn+o = 1, while 0 < 1/(1+mtn+o0) < 0.9, 0.2
< m(1l+mn+o) < 0.9, 0 10n/(1l+mtn+0) < 0.9, and O Lc_ o/ (1+mrn+0) < 0.9.
17. The additive for resist according to Caim1l, wherein in the formula
(1), the repeating unit mis included in the copolyner of the additive for
resist in an

wherein in the formula (1), Ry represents a group that is
selected from the group consisting of a t-butyl group, a
trifluoromethyl group, a trimethylsilyl group, a
di{trifluoromethyl)isopropyl group, a pentaflucrocethyl

5 group, and a heptafluoropropyl group.

13. The additive for resist according to Claim 1,
wherein in the formula (1), Rs represents a group that is
selected from the group consisting of a hydrogen atom, a

10 C1~-Cyo alkyl group, a Cy;-Cip alkenyl group, a C3-Ciy
monocyclic cycloalkyl group, a Cg~Cig bicyclic cycloalkyl
group, Cyp-Cyp tricyclic cycloalkyl group, a Cio-Csg
tetracyclic cyclealkyl group, a C3-Cip cycloalkenyl group,
a Cg-Cig aryl group, a C;-Cy heteroalkyl group, a Cy-Cig

15  heterocyclic group, and combinations thereof.

L4. The additive for resist according tc Claim 1,

wherein in the formula (1), Rg represents an acid-labile

o i Ro
~Ra s
3

T
Rag™ * . Fh
group selected from the group consisting of Rb , Ra '
¢
da -0
(Rajy 4,
20  and ; » or a lactone group selected from the group
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amount of 30%to 60% by nol e. 18. The additive for resist according

to daimi1l, havi ng a wei ght average nol ecul ar wei ght as neasured by 5
gel perneation chromatography and cal cul ated relative to pol ystyrene
standards, of 1,000 g/nol to 50,000 g/ nol. 19. The additive for

resist according to Claiml1, wherein the ratio of the weight average
nol ecul ar wei ght 10 and t he nunber average nol ecul ar wei ght of the additive

for resist is 1 to 5. 20. A resist composition conprising the
additive for resist according to any one of Clains 1 to 19, a base 15
pol ynmer for resist, an acid generator, and a sol vent. 21. The resi st

conposition according to Claim20, wherein the additive for resist is
incorporated in an anount, gf.0. 05%to 59@&§\Rehght relative to the total 20

wei ght of the resist conﬁ%srtanh l@@ resi st conposition
according to O aim 20, e Pn the acid edator’ i s one or nore conpounds

sel ect ed @@Qﬁﬁ&?ﬁﬁ@n@ﬁm)con |st|ngcbﬂid% nds 25, repeesentied IRy, t he
following formulas (22) and (23): [Chem cal Fornula 22]

Re and Ry each independently represent a Ci;-Cy alkyl group,
a C3-Cyp cycloalkyl group, a (Ci~Cyp alkyl)cycloalkyl group,
a hydroxyalkyl group, a C;~Cy alkoxy group, a (C1~Cig

5 alkoxry)alkyl group, an acetyl group, an acetylalkyl group,
a carboxyl group, a (C;-Cyp alkyl)carboxyl group, a (C3~Cig
cycicalkyl)carboxyl group, and a C3-Cip heterocycloalkyl
group, or adjacent groups may be bonded to each other to
form a saturated or unsaturated C3-Csy hydrocarbon ring or

10 a Cp=Cyo heterocyclic group; Re and Ry each independently
represent a C;-Cys alkyl group or may be bonded to each
other to form a saturated Cs;~Cy hydrocarbon ring; x
represents an integer from 0 to 3; y represents an integer
from 0 to 10; =z, and w; each independently represent an

15 integer from 0 to 3; z; and w, each independently represent

an integer from 0 to 7; 0 £ zy+wy £ 5; and 0 £ zytw, < 5.

15. The additive for resist according to Claim 1,
wherein in the formula (1), Rs represents a group that may
20 be selected from the group consisting of a t-butyl group,
a trimethylsilyl group, a hydroxyl-2-ethyl group, a 1-
methoxypropyl group, a l-methoxy-l-methylethyl group, a 1-

ethoxypropyl group, a l-ethoxy-l-methylethyl group, a 1-
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[Chemi cal Formula 23] 5 wherein in the fornulas (22) and (23), X1,
X2, Y1 and Y2 each independently represent any one selected fromthe group
consisting of a Cl-Cl10 al kyl group, an allyl group, a perfluoroal kyl group,
a benzyl group, a C6-C30 aryl group, and conbinations thereof; Xi with X2,
and 10 Yi wth Y2 may be bonded to each other to forma saturated or

unsat urated hydrocarbon ring having 3 to 30 carbon at ons; X3, X4,
X5, Y3, Y4 and Y5 each independently represent any one selected fromthe
group consisting of a hydrogen 15 atom a Cl-C30 al kyl group, a hal ogen
atom a Cl-C30 al koxy group, a Cg-C30 aryl group, a thiophenoxy group, a

Cl - C30 t%@@%%h%%}h d&rz&%?,cﬁ anM%rleO&ﬁgfﬁi%% IR and

conbi nati ons thereof; a e ani oni“c noi ents OSO2CF3,

OS2CA4F9, §Q@Q§F N ~ N ' 3, C (C2F5
3, C (C4F%I§Q3, or %&%}ij\llc J»i(‘z!c:)uh:ﬁa'l zagrlouf)g;g’rp?oe}é’enlt eé l)tgﬁréw%dl(lgglv%\% ng for ﬁrul a )
)

(24): 5 {fbem cabphordnla 24l hVitdHidBng formulas (6a) to (6m):
£ R
R R R ¢ R
A‘:\@/( )a Jﬁ@,(w')b /( ) (R“}d
;e
g
(6a) (60) (6
R.I
. R FLGE é"@
) (68) (6f)
R " r R
. (Re " f(R x &
R, M (R "
; (R™)f (R
D ¥ e
(69) (Bh) (61}
AR £ /
,, 0 R,
N | ~o- R
¢ T A
ey
(Re (6K) (6l)
(6}
O
Rk
0=

0
(6m)
5 wherein in the formulas {(6a) to (6m), R', R"™ and R"' each

independently represent a hydrogen atom or a C;~Cy alkyl

gC



- 0-SSGCO(WwW2) 0 (W3)p-vvit H O0Ov2 wherein in the formula (24), VI and
V2 each independently represent a halogen atom W represents -(0=0)- O
-(SQ2)-; W2 represents a Cl1-CJ o al kanediyl group; 10W2 represents any one
selected fromthe group consisting of a C3-C30 cycl oal kyl group, a 06-C20
aryl group, a 07-030 aral kyl group, a 06-030 aryl oxy group, a C6-C30
arylthio group, and a 05-C30 heterocyclic group; W represents any one

sel ected fromgroup consisting 15 of a hydrogen atom a hal ogen atom a
Cl-C o alkyl group, a 01-010 al koxy group, a Cl-d o hal oal kyl group, a
Cl1-C10 al kylthio group, a 06-030 aryl group, and conbi nations thereof; o

r epr esent Sln%lnéegﬁ&_ feghgrr%PdgggNQQB%;q@ﬁgsenpg (JQ&FQ%% E§on10 to 2.

23. The r conposition acc
represents an integer from 0 to 11; ¢ and d each

independently represent an integer from 0 to 9; f
represents an integer from 0 to 7; ¢, i and k each

5 independently represent an integer from 0 to 6; h and 3
each independently represent an integer from 0 to 4; 0 <

ctd = 17; and 0 € c+f € 15,

16. The additive for resist according to Claim 1,
10 wherein the additive for resist is selected from the group
consisting of compounds having structures represented by
the following formulas (7) to (18):

[Chemical Formula 7]

bk

k Ofﬂ:&\‘ / 0
\,
D CFs -
i
7 O \-’"
0/
15 [Chemical Formula 8]
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wherein the acid generator is incorporated into the resist conposition in
an anount of 0.3 parts to 10 parts by weight relative to 100 parts of the
total solids content in the resist conposition. 524. The resist conposition
according to Claim?20, further conprising an additive selected fromthe
group consisting of an al kali dissolution suppressing agent, an acid

di ffusi on suppressing agent, a surfactant, and m xtures thereof. 10

25. A nmethod for formng a resist pattern, the nethod conprising:

applying the resist conmposition according to Claim20 on a substrate and
thereby formng a resist film 15heat treating the resist film and then
exposing the resist filmin a predeterm ned pattern; and devel opi ng the
exposed re$§i st patjtern. 26. The nmethgd for formng a resist pattern
20 accor di -0 A PA- 2B it is carried out by using a

| i ght soure€e pcltted fro jﬁbe}g%ﬁup consksting of a KrF exciner |aser, an
ArF excinmer | ase€r, 3@ ext ené3ultraviolem/xadiation, X-radi ation, and an
el ectron beam g CFy

O
O:
[Chemical Formula 9]

/\/\{ l O\A'UWNNM{T"\ " V\' ':;lm““\‘“{“ f‘\i"‘”“ouu"‘n" v

V) CF;‘, __j@
=0
a

[Chemical Formula 10]

NWW{V\W\?—’—VAN}};N\: —{‘\f "
l Z_ ot P O In
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- 13\
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[Chemical Formula 11]
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[Chemical Formula 12]

M(_th

M\r’\?{ _“

/mo

/—Q n | 0 Iy
5
>—CF, 4
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[Chemical Formula 14]
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{Chemical Formula 15]
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[Chemical Formula 16]
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[Chemical Formula 17]
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[Chemical Formula 18]
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wherein in the formulas {7) to (18), 1, m, n and o
respectively represent the proportions of corresponding
repeating units in the main chain, such that l+m+n+o = 1,

while 0 < 1/(l+mtn+o) < 0.9, 0.2 < m/(l+m+n+o) < 0.9, 0 <

n/ (l+mtn+to) < 0.9, and 0 £ o/ (l+mtnto) < 0.9,
17. The additive for resist according to Claim 1,

wherein in the formula (1), the repeating unit m is

included in the copolymer of the additive for resist in an
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amount of 30% to 60% by mole.

18. The additive for resist according to Claim 1,
having a weight average molecular weight as measured by
gel permeation chromatography and calculated relative to

polystyrene standards, of 1,000 g/mol to 50,000 g/mol.

19. The additive for resist according to Claim 1,
wherein the ratio of the weight average molecular weight
and the number average molecular weight of the additive

for resist is 1 to 5.

20. A resist composition comprising the additive for
resist according to any one of Claims 1 to 19, a base

polymer for resist, an acid generator, and a solvent.

21. The resist composition according to Claim 20,
wherein the additive for resist is incorporated in an
amount of 0.05% to 5% by weight relative to the total

weight of the resist composition.

22. The resist composition according to Claim 20,
wherein the acid generator 1s one or more compounds
selected from the group consisting of compounds

represented by the folleowing formulas (22) and (23):
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[Chemical Formula 22]

N
Ko S+-Z
Pl
X3
>
vl
5 X4
[Chemical Formula 23)
¥
Ys-G +-Z
S R
BER!
AN
Y5 Y

wherein in the formulas (22) and (23),

Xi, X2, Y1 and Y each independently represent any one
selected from the group consisting of a Cy~Cyp alkyl group,
an allyl group, a perfluoroalkyl group, a benzyl group, a
Ce=Cs¢ aryl group, and combinatiocns thereof; X, with ¥X,, and
Yy with Y, may be bonded to each other to form a saturated
or unsaturated hydrocarbon ring having 3 to 30 carbon
atoms;

X3, K4y X5, Y3, Yy and Ys each independently represent
any one selected from the group consisting of a hydrogen
atom, a C;-Csp alkyl group, a halogen atom, a C3;-Ciy alkoxy
group, & CeC3 aryl group, a thiophenoxy group, a C;-Csi
thioalkoxry group, a C;-Cyp alkoxycarbonylmethoxy group, and
compinations thereof; and

Z of the anionic moiety represents OSO;CF3, 0S0,C,F,
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0302CsF17, N(CF3) 2, N{CaFs)y, N{C4Fy)2, C(CF3}3, C{CaFs)s, C{C4Fq)3,

’

or a functional group represented by the following formula

(24}
[Chemical Formula 24)
ﬁ Y‘ Ho
- 0§ —C—C -0~ W = (W0~ (Ws)p-W,
5 QO Vv,
wherein in the formula (24),
Vi and V; each independently represent a halogen atom;
Wy represents —(C=0)- or -{S0;)-;
W, represents a C;-Cj¢ alkanediyl group;
10 W; represents any one selected from the group

consisting of a C3-Tyo cycloalkyl group, a Cs—Cap aryl group,
a Cy=Csp aralkyl group, a Cg-Cig aryloxy group, a CgCig
arylthic group, and a Cs~Cy heterocyclic group:

Wy represents any one selected from group consisting

15  of a hydrogen atom, a halogen atom, a C,-Cyy alkyl group, a

C1-Cyo alkoxy group, a C;-Cijp haloalkyl group, a C;-Cig
alkylthio group, a C¢~Cig aryl group, and combinations
thereof;

o represents an integer of 0 or 1; and

20 p represents an integer from ¢ to 2.

23. The resist composition according to Claim 20,

wherein the acid generator is incorporated into the resist
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composition in an amount of 0.3 parts to 10 parts by
welght relative to 100 parts of the total solids content

in the resist composition.

24. The resist composition according to Claim 20,
further comprising an additive selected from the group
consisting of an alkali dissolution suppressing agent, an
acid diffusion suppressing agent, a surfactant, and

mixtures thereof.

25. A method for forming a resist pattern, the
method comprising:

applying the resist composition according to Claim 20
on a substrate and thereby forming a resist film;

heat treating the resist film, and then exposing the
resist film in a predetermined pattern; and

develeoping the exposed resist pattern.

26. The method for forming a resist pattern
according to Claim 25, wherein the exposure is carried out
by using a light source selected from the group consisting
of a KrF excimer laser, an ArF excimer laser, an extreme

ultraviclet radiation, X-radiation, and an electron beamn.
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