- 1 - DESCRI PTI ON COVPOUND, COPCOLYMER COVPRI SI NG THE COVPOUND, AND RESI ST
PROTECTI VE FI LM COWPCSI TI ON COVPRI SI NG THE COPCLYMER 5Techni cal Field The
present invention relates to a conpound, a copol yner containing the
conmpound, and a resist protective filmconposition containing the
copolynmer. More particularly, the present invention relates to a conpound
whi ch can be used in a resist protective filmwhich has sufficient |ight
transm ssivity, is not easily intermxed with a 10resist film has
appropriate hydrophilic or hydrophobic characteristics, does not exhibit a
phenonenon of pattern shape deterioration, is easily dissolved in alkal
devel oper solutions, and decreasgs, . rrence of various defects during
the process of immersion or dry @iﬁ@@ﬁ?gﬁﬁﬁ copol ymer containing the

conpound; Lesi N ] i TRAS - ik G ot b
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i ntegration LShrand NG, irh ! ad, s, a demand for
finer patteﬁﬁa?kﬁgégﬁééhpﬁ(gﬁo oﬁgéﬁgﬁs. %gkpﬁgiggggéa?gspﬁaﬁngor use in
resist pattern formation, exposure light utilizing the g-line (436 nm or
the i-line 20(365 nnm) of a mercury lanp or the Iike as a |light source has
beer; used. It is believed thaty@ierpris to bring an inprovenent of
resolution, which is a property related to the exposure |ight wavel ength,

are now subsTi@ib@hl MvaRRMGaRsNE a@oibdiidd, 2 EOYRMEE: cohb@dify e @ demand for
finer photoresist patterning, and a nmethod of using exposure |ight having a

shor t er coapeineingld: reBiyt heteefi febln vempssitnanmifiohecbpsypyr pdse. 2
5Therefore, KrF excimer laser |light having a shorter wavel ength (248 nm or
t he | i kpariisularly, the present invention relates to a compound which can be used in a resist
protective film which has sufficient light transmissivity, is not easily intermixed with a
10 resist film, has appropriate hydrophilic or hydrophobic characteristics, does not exhibit a
phenomenon of pattern shape deterioration, is casily dissolved in alkali developer
solutions, and decreases the occurrence of various defects during the process of immersion
or dry exposure; a copolymer containing the compound; and a resist protective film

composition containing the copolymer.

Background Art

Along with the recent trend of high integration of LSI and increases in processing
speed, there is a demand for finer pattern formation in photoresists. As the exposure light
for use in resist pattern formation, exposure light utilizing the g-line (436 nm) or the i-line

20 (365 nm) of a mercury lamp or the like as a light source has been used.

It is believed that attempts to bring an improvement of resolution, which is a
property related to the exposure light wavelength, are now substantially approaching a
limit. However, there is a demand for finer photoresist patterning, and a method of using
exposure light having a shorter wavelength may be effective as a means for this purpose.

25  Therefore, KiF excimer laser light having a shorter wavelength (248 nm) or the like is



- 2 -- used in place of the i-line (365 nm. In regard to ArF i mrersion

| ithography, it has been suggested to encl ose water between a projection

| ens and a wafer substrate. Such a nethod has enabl ed pattern formation
even when a | ens having a nunerical aperture (NA) value of 1.0 or greater
is Sused, by using the refractive index of water at 193 nm and this nethod
is called as i mrersi on exposure techni que. However, since the resist film
is brought into contact with pure water, an acid that is generated by a
phot oaci d generator or an am ne conpound that has been incorporated into
the resist filmas a quencher is dissolved in water, and accordingly,

vari ous &’ﬂgca_ Fﬁ 3 ?aépa e change in the reS|st pattern, pattern
10dest r Gt 83 g8 16 SR T bubbllng defects and wat ermark defects,

tend to OCCUL pooard 1o {\ Ihienlrugz’iqr & f o

bet ween a photoresi s waq%“ﬁﬁﬁyﬁh¥ (mgguﬁﬁ?ﬁgt gﬁé Eérbg;n
fﬁggfztsi&g}[}v@? YF%}“‘QQC&%] lgn% % \ﬁc g[lﬁ)slu%f(:[ 'S{%hfa'nllc 1(9({ h%ncnﬁlyl%ﬁ c,ufl' l m bet ween

wat er resi st protec reqwred to

have chgyaGhek bRl WikenSHERs Bir advlhl&&lﬁiap c{th h@@r‘}ﬂ&m{ itd gln;fﬁpltgl dlglnce to the

wavel ength of 15the exposure t so that t otective f oes not

I Nt & I UiNcd EXPOSHE the 1@1‘?5011@@%@0991" Wﬁfe?am%' 1, ks Wdend S kalledfds! M bei ng
capabl e of foormation on a photoresist film causing no elution into a

medi um BuGEsRS ekBbeie REhtifE:. tHoevRF, sln@@'ﬁ{c&bﬁﬂ faxPRHhRht fn@s 6611'@5&1 and
mai ntaining a stable film and bei ng easily dissolubi € in an al kal

sol ut i opuradacdr, edci@thats gandteébppphosatidipbitato?Or M Shinebmeo@id thire
| nventi on It is an object of the present invention to provide a

conpounichs\bieer mcogrrdied insetheiresisa fitra sk 9 qupichtes tdisselved biwudi, ahd has suf fi ci ent
light transmssivity, is not easily interm xed with resist films, has
appr oprécapelitgldnephid dadeds suthds ophgbicbagdedn dut resisispatics:, pdoes not 25exhi bi t
a phenonenon_of pattern shape deterioration, is easily dissolved in alkali
deviél opéstructi@ due tg ivellingrigibblmgldafews.aad estarmeriodefents, énwlgoofcurar i ous
defects durlng t he process of immersion
Therefore, Tor the purpose of forming a barrier between a photoresist film and a
medium such as water, thete has been suggested a method of forming a protective film or
an overlay film between the resist film and water. Such a resist protective film is required
to have characteristics such as having a sufficient light transmittance to the wavelength of
15 the exposure light so that the protective film does not interrupt exposure, not causing
intermixing with the resist film, being capable of formation on a photoresist {ilm, causing
no elution into a medium such as water at the time of immersion exposure, forming and
maintaining a stable {ilm, and being easily dissoluble in an alkali solution which serves as
a developer solution.
20
Disclosure of the Invention
It is an object of the present invention to provide a compound which can be used in
a resist protective film which has sufficient light transmissivity, is not easily intermixed
with resist films, has appropriate hydrophilic or hydrophobic characteristics, does not

25 exhibit a phenomenon of pattern shape deterioration, is easily dissolved in alkali developer



or dry exposure; a copol yner containing the conmpound; and a resi st
protective filmconposition containing the copolyner. In order to achieve

t he obj ect described above, there is provided a conpound 5represented by
the following fornula (1) according to an aspect of the present invention.

[ Formul a 1] In the formula (1), Rl1l, represents any one selected from
the group consisting of a hydrogen atom a hal ogen atom an al kyl group
having 1 to 8 carbon atons, and a 10hal ogenated al kyl group having | to 5
carbon atons; Rl represents any one selected fromthe group consisting of
an aIkyI group, a heteroalkyl group, an aryl group, a heteroaryl group, a

| oal h t | oal kyl | k th d
ol oy cat B st T ﬁg‘%}aﬁeﬁaﬁﬁéﬁsﬁ%&%”%@% G PGHE RGP
t t d k . 5 b
const st 50800 L NI, 1 Sl U SRS 5, carton om
t he grOﬂﬂ?&gn hﬁ%h@gn&%&ﬁwgéﬂgﬁgen atom and a halogen atom Accor di ng

to anot aspect o invention, there is provided a copol ynmer

including a Iﬁ%&ﬁz@ttd M:é’b@'tﬁc 5@9&%&9 124 abyvel ?1%10 ?bl@%{ﬂfﬂ%ﬁgg J&@ (1-a).

[Formula 1-a] - ornu R22 each
i ndepengdgnbénted @Pﬂﬁﬁ@l’lﬁwﬁﬂ’mﬁﬁ@a ?ﬁld@&h §ﬁilg_,ft6 amidoba 4 'ﬂﬁl’}ﬂes%ﬂ{]ﬁ’l‘véﬁll)dlg of a

hydrogen atom a hal ogen atom an alkyl group having I to carbon atons,
and a hal oggpaitm@da @} Kyl group having 1 to 5 carbon atonms; Rl 5represents
any one selected fromthe group consisting of an al kyl group, a heteroal kyl

In the formula (1), Ry represents any one selected from the group consisting of a
hydrogen atom, a halogen atom, an alkyl group having 1 to 8 carbon atoms, and a
10 halogenated alkyl group having 1 to 5 carbon atoms; R, represents any one selected from
the group consisting of an alkyl group, a heteroalkyl group, an aryl group, a heteroaryl
group, a cycloalkyl group, a heterocycloalkyl group, an alkyl ether group, and an
alkylcarbonyl group; R, represents any one selected from the group consisting of a
hydrogen atom and an alkyl group having 1 to 5 carbon atoms; and Q; and QQ; each
15  independently represent any one selected from the group consisting of a hydrogen atom
and a halogen atom.
According to another aspect of the present invention, there is provided a copolymer
including a repeating unit represented by the following formula (1-a).

{Formula 1-a]



group, an aryl group, a heteroaryl group, a cycloal kyl group, a
het erocycl oal kyl group, an al kyl ether group, and an al kyl carbonyl group;
R2 represents any one selected fromthe group consisting of a hydrogen atom
and an al kyl group having 1 to 5 carbon atons; and Q and @ each
i ndependently represent any one selected fromthe group consisting of a
10hydr ogen atom and a hal ogen atom The copol ynmer may further include
a repeating unit which contains a fungtional group represented by the
following fornmula (2). [Fornula 21 H3 1 R4 )- OH a hal ogenated al kyl
group having 1 to 10 carbon atons; any one selected fromthe group
consisting of R3, R4 and a conbination thereof is a hal ogenated al kyl
group; and represents ;an integer from1l to 6. The repeating
unit contaijni nctijonal group represented by the formula (2) 5may be a
repeating f by the following fornula (3-a). [Formula 3-a]
\ R34.1 Rod n e rmula (3-a), 1212, R23 and R24 each independently
represent any onegsel ected fromthe group consisting of a hydrogen atom a
hal ogen atom an alk ; gr oup

2~

Q1’C>:O
O\
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F

[nn the formula (1-a), Ry, Ry and Ry; each independently represent any one
selected from the group consisting of a hydrogen atom, a halogen atom, an alkyl group
having 1 to 8 carbon atoms, and a halogenated alkyl group having 1 to 5 carbon atoms; R;

5  represents any one selected from the group consisting of an alkyl group, a heteroalkyl
group, an aryl group, a heteroaryl group, a cycloalkyl group, a heterocyeloalkyl group, an
atkyl ether group, and an alkylcarbonyl group; R, represents any one selected from the
group consisting of a hydrogen atom and an alky! group having 1 to 5 carbon atoms; and
Q1 and Q7 each independently represent any one selected from the group consisting of a

10 hydrogen atom and a halogen atom.

The copolymer may further include a repeating unit which contains a functional

group represented by the following formula (2).

[Formula 2]

Ra
L or
\ Rg }n
15 In the formula (2), R3 and R, each independently represent any one selected from

the group consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, and



10having 1 to 8 carbon atons, and a hal ogenated al kyl group having | to 5
carbon atons; R3 and It) each independently represent any one selected from
the group consisting of a hydrogen atom an al kyl group having 1 to 10
carbon atons, and a hal ogenated al kyl group having I to 10 carbon atons;

any one selected fromthe group consisting of R3, R4 and a conbination
thereof is a hal ogenated al kyl group; R5 represents a dival ent

15hydr ocar bon group; and n represents.an integer from1l to 6. The
repeating unit represented by the forfrula (3-a) may be a repeating unit
represented by any one selected fromthe group consisting of the foll ow ng

f I 4- -a), -a), (7- d nbi nat i thereof. - 6 -
e R S e i BB a&%ogw'a&%gh%ﬁwf%@n@e oWroar
ti . f .t.h ti i . t ormul a -a) is
B e otatigheonkr Bl asorbrhio hsrsfiat Papedeig i cotebkEsent o by the

formula (3-a) is-0.4 5 15 0. 99, and the sumof mand 1 is I. The
copolyng&ﬁﬁgysﬁﬁgg%éiagpbhgﬂgverage nol ecul ar wei ght as neasured by gel

per neat i on Gh{qugésaggé %Hm/:of&%in' rgigoaoﬁlﬁgt?onsd? gfoglggcizﬁrg‘%ﬁ\%g%r g '1%181&2 pt her

aspect of the present inventio ere | esi st profective film
conposi faOBe QORatiRY Bt FRRsERRPLY MR following formula (3-a).

[Formula 3-a]

Ros Ry
R
24 5
O\ Ry
Rs OH
Rz /n

In the formula (3-a), R12, Ry3 and Ry cach independently represent any one
selected from the group consisting of a hydrogen atom, a halogen atom, an alky!l group
10 having 1 to 8 carbon atoms, and a halogenated alkyl group having 1 to 5 carbon atoms; Ry
and Ry cach independently represent any one selected from the group consisting of a
hydrogen atom, an alkyl group having 1 to 10 carbon atoms, and a halogenated alkyl
group having 1 to 10 carbon atoms; any one selected from the group consisting of Ra, Ry
and a combination thereof is a halogenated alkyl group; Rs represents a divalent
15  hydrocarbon group; and n represents an integer from 1 to 6.
The repeating unit represented by the formula (3-a) may be a repeating unit
represented by any one selected from the group consisting of the following formulas (4-a),

(5-a), (6-a), (7-a) and combinations thereof.

20



- 7 - The resist protective filmconposition may further contain an

al cohol solvent having 4 to 8 carbon atons. Hereinafter, the present
invention will be described in nore detail. The terns used in the present
specification are defined as follows. 5Unless particularly stated ot herw se
herein, the hal ogen atom neans any one sel ected fromthe group consisting
of fluorine, chlorine, brom ne and i odine. Unl ess particularly stated
ot herwi se herein, exanples of the aL&yLﬁgroup i nclude a primary al kyl

group, a secondary al kyl group, and a tertiary al kyl group. Unless
particularly stated otherwi se herein, all of the conpounds and substituents
10may be substituted.or unsubstituted. Fﬁre, bei ng substituted neans that a
hydr ogen at om HAS*6&8n repl aced with any'BHBuggﬁgcted fromthe group

consi sting of a hal ogen atom a hydroxyl group, a carboxyl group, a cyano
group, a nitro group, an am no group, a thig group, met hyl t hi o group, an
al koxy group, a nitrile group, an al dehyde drou an jepoxy group, an ether
group, an ester group, a carbonyl group, an |acet grjoup, a ketone group,
15an al kyl a jcycl oal kyl group, a heterocy I'kyl group, an allyl
group, a an aryl group, a heteroar roup, derivatives

t hereof, ahd cqnbi ndtions thereof. Unl ess 9 rticularly stated

ot herwi se hereip=Cthe prefix "hetero-" neans thay carbon atons are
substituted with one to three heteroatons sel ectfed fromthe group

consi sting of 0, S and P. For exanple, a hetefpal kyl group neans t hat
one to three cdrbon atoms 20anong the carbohs@ of an al kyl group are
substituted wi kh heteroat ons. Unl ess p@ﬁg' larly stated ot herw se
herein, the terd."hal ogenated" neans that a hydr ggéa-at om has been

substituted Wdh 9_9 one selected fromthe grbyp @Hsisting of fluorine,
chlorine, bromne and iodine. Unless particularly stated otherw se herein,
exanmpl es of the cycl oal kyl group 25i ncl ude nonocyclic, bicyclic, tricyclic
and tetracydFeundyetadal kyl groups. ExangdFesndt 7tdle

v e

5 'The copolymer may be such that the molar proportion m of the repeating unit
represented by the formula (1-a) is 0.01 £m < 0.6, the molar proportion 1 of the repeating
unit represented by the formula (3-a) is 0.4 10,99, and the sum of m and 1is 1.
The copolymer may have a weight average molecular weight as measured by gel
petmeation chromatography of 1,000 to 500,000,
10 According to another aspect of the present invention, there is provided a resist

protective film composition containing the copolymer.



- 8 - cycloal kyl group also include polycyclic cycloal kyl groups, including
an adamantyl group and a norbonyl group. Unl ess particularly stated
ot herwi se herein, the al kyl ether group nmeans a conpound contai ni ng an

et her group and an al kyl group, or a derivative of the conpound. 5For
exanple, the alkyl ether nay be a |linear ether or a cyclic ether.

Unl ess particularly stated otherw se, the al kyl carbonyl group neans a
conmpound containing the noiety -CO, ﬁr_a derivative of the conmpound. For
exanpl e, the al kyl carbonyl group may be a compound having an al kyl group in
whi ch a carbon atomis substituted with -CO. 10Unl ess particularlﬁ stateg
otherw se, the alkyl group.neans a.linear.or branched alkyl .group having

to 30 carbon at 13%% 1?‘%&“%’3’2@8} ‘()%WWWOBr'%%}'pmHég‘n%m’éfﬁn ﬁ‘ét‘lé?ilﬁ’ifb‘?(lg‘?mgr oup havi ng
l1to3 - , B, aryl group nmeans an aryl group having 6 to 30

car bon g?é%%?“?%gggg é@ggryl group neans a heteroaryl group having 2 to 30

car bon at0nBH“%E@“@%ﬁ%&ﬂgg%hnﬁgﬁﬁE;FH%Q%SQWﬁMShP&b‘ &ﬂﬁﬂoup having 3 to 32

carbon atons; erocyc group means a heterocycl oal kyl group

having 2 to Bg €&hRRI & B i‘es@ﬂ%g@éi}t%zgiogltatﬁcg?efﬂ{e(alégfﬁ&)@@.s an al kyl ether

group having 1 to 20 carbon ato I carbonyl group neans an

al kyd car bonyilinig§sqiapidudivlyehidd §iBerdfsCiRiaANhahaBen A0 hdss %XKW group means
an al koxy group havi ng { to 10 carbon atonms. Unless particularly stated

ot her wi sgedner @b ,‘Lh&%ﬁ@ﬁ;pb(ﬁi%isﬂﬁg bhgustineabBbkind) s AR AP IHIZRIr oup i ncl ude an
al kanedi yl and an al kenediyl, and al so include a heteroal kanediyl and a

het er oal kenedilyds, pattivuisiyciuti@nehéovisdegsin Cambonesatronsaiof] okhe iatikanedi yl or
the al kenediyl are substituted with one to three heteroatons selected from
t he gr oppmenynslid graup, ofccdndOy aByh@dup, and a tertiary alkylyabgss particul arly
stated otherwi se, the al kanediyl is a divalent atomc group 2 5obtained by
det achi ng t ienlhssandgeharlatsonesl dthomisrheadikaaieof thadoropounde ardepibeseatted by - 9
10 may be substituted or unsubstituted. Here, being substituted means that a hydrogen atom
has been replaced with any one selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, a cyano group, a nitro group, an amino group, a thio
group, a methylthio group, an alkoxy group, a nitrile group, an aldehyde group, an epoxy
group, an ether group, an ester group, a carbonyl group, an acetal group, a ketone group,
15 analkyl group, a cycloalkyl group, a heterocycloalkyl group, an allyl group, a benzyl
group, an aryl group, a heteroaryl group, derivatives thereof, and combinations thereof.
Unless particularly stated otherwise herein, the prefix "hetero-" means that carbon
atoms are substituted with one to three heteroatoms selected from the group consisting of
N, O, 5 and P. For example, a heteroalkyl group means that one to three carbon atoms
20 among the carbon atoms of an alkyl group are substituted with heteroatoms.
Unless particularly stated otherwise herein, the term "halogenated" means that a
hydrogen atom has been substituted with any one selected from the group consisting of
fluorine, chlorine, bromine and iodine.
Unless particularly stated otherwise herein, examples of the cycloalkyl group

25 include monocyclic, bicyclic, tricyclic and tetracyclic cycloalkyl groups. Examples of the



formul a: The al kenediyl is a divalent atom c group obtained by detaching two
hydr ogen atons from an al kene, and can be represented by fornula -CnHn-.
The conpound according to an aspect of the present invention is represented
by the followng formula (1). 5[Formula Il R11 In the formula (1),
R, represents any one selected fromthe group consisting of a hydrogen
atom a hal ogen atom an al kyl group having I to 8 carbon atons, and a
hal ogenat ed al kyl group having 1 to~5809rbon atons. RI, is preferably any
one selected 10fromthe group consisting of a hydrogen atom a hal ogen
atom an al kyl group having 1 to 5 carbon atons, and a hal ogenat ed a:kyl 4
roup h vr carbon atons.. resents an ne sel ecte
19 rompt hgy ?ﬂg‘dé £ s%lssf) lf]rt“)rlbla%f’olgﬁycahcl&‘r’?to@lr%%‘?“p& Rét @PMl’WP’%¥WE§‘;OL‘Hn aryl
group, h Bﬁggﬁ%yb up, a cycl oal kyl group, a heterocycl oal kyl group, an

al kyl e an aIkyIcarbonyI group Rl is preferably 15an al kyl
group havin ﬁﬁﬁr L. droup having 1 to 10
carbon at orrsqj&légr? a %Llﬁf?f e g\“ ng 15¢ ngk:%cthgeﬁrou meanshqgt eroalrjyl gr oup
havi ng wAS| ﬂﬁ,y |
at ons, %1%% erggg%ﬁoa a?khil(9 gro 1@135 %?vzi%ﬁ{gll Ela{p car Sﬁgca tﬁ}ecgl%ﬁgtﬁ{dk et her

group hemi dx@mpld Qlﬁja(ﬂfq@ﬂl@pﬁla§t{)@@m@ﬁr@h(§‘%i Qlcgéﬁc cagdonyl group having 1 to
10 carbon atons. Furt hernore may be substituted or

unsubst i t ut eghias pdefdunel eeebiervaRg twheRy 1 Elbdrs1 grblaﬁtmetau& Q%mb&udds
preferable that a hydrogen atom of R be substitited with a hal ogen atom

R represeditiag dnymoins <E)-£6t £dedvatint bhde 96BPAIRIONDE Stdnge ahie @ hydrogen atom
and 5 an al kyl group having 1 to 5 carbon atons, and Q and Q each

i ndepenakyitirpome grepanty bany conpogel la@tn@dmfaﬂ@ﬂr},ltdnp 1@ hauUh acRRsinsdtbgs of a
hydrogen atom and a hal ogen atom Q and @ are each preferably a fluorine
atom  substituted with -CO-.
10 Unless particularly stated otherwise, the alkyl group means a linear or branched
alkyl group having 1 to 30 carbon atoms; the heteroalkyl group means an heteroalkyl
group having 1 to 3 carbon atoms; the aryl group means an aryl group having 6 to 30
carbon atoms; the heteroaryl group means a heteroaryl group having 2 to 30 carbon atoms;
the cycloalkyl group means a cycloalkyl group having 3 to 32 carbon atoms; the
15 heterocycloalkyl group means a heterocycloalkyl group having 2 to 32 carbon atoms; the
atkyl ether group means an alkyl ether group having 1 to 20 carbon atoms; the
alkylcarbonyl group means an alkylcarbony! group having 1 to 20 carbon atoms; and the
alkoxy group means an alkoxy group having 1 to 10 carbon atoms.
Unless particularly stated otherwise herein, examples of the divalent hydrocarbon
20 group include an alkanediyl and an alkenediyl, and also include a heteroalkanediyl and a
heteroalkenediyl, in which one to three carbon atoms of the alkanediyl or the alkenediyl
are substituted with one to three heteroatoms selected from the group consisting of N, O, S
and L.
Unless particularly stated otherwise, the alkanediyl is a divalent atomic group

25 obtained by detaching two hydrogen atoms from an alkane, and can be represented by



The conpound represented by the formula (1) may be a conpound represented
by the following formula (6). 10[Formula 6] HO The conpound
represented by the fornula (1) can be synthesized by a nethod descri bed
bel ow. That is, the nethod for producing the conpound represented by the
formula (1) 15includes the steps of dissolving a conmpound represented by
the following fornula (7) and a conpound represented by the follow ng
formula (8) in a solvent, and allomiqg_;he conmpounds to react in the
presence of a basic catalyst to obtain the conpound of the foll ow ng
formula (1). [Formula 7] RL O OH CO R[Fornmula 8 0 R3 [Formula 1]

formula: -CHy,~. The alkenediyl is a divalent atomic group obtained by detaching two
hydrogen atoms from an alkene, and can be represented by formula ~C,Hy-.

The compound according to an aspect of the present invention is represented by the
following formula (1).

5 [Formula 1]
Ry
O
O
O\
R2

[nn the formula (1), Ry, represents any one selected from the group consisting of a
hydrogen atom, a halogen atom, an alkyl group having 1 to 8 carbon atoms, and a
halogenated alkyl group having 1 to 5 carbon atoms. R, is preferably any one selected
10 from the group consisting of a hydrogen atom, a halogen atom, an alkyl group having 1 to
5 carbon atoms, and a halogenated alkyl group having 1 to 3 carbon atoms.
R, represents any one selected from the group consisting of an alkyl group, a
heteroalkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a
heterocycloalkyl group, an alkyl cther group, and an alkylcarbonyl group. R is preferably
15  analkyl group having 1 to 10 carbon atoms, a heteroalkyl group having 1 to 10 carbon
atoms, an aryl group having 6 to 20 carbon atoms, a heteroaryl group having 6 to 20
carbon atoms, a cycloalkyl group having 3 to 20 carbon atoms, a heterocycloalkyl group
having 3 to 20 carbon atoms, an alky! ether group having 1 to 10 carbon atoms, and an

alkylcarbonyl group having 1 to 10 carbon atoms.



In the fornmula (7), fornmula (8) and formula (1). Q represents a hal ogen
atom and is preferably chlorine. R11, 121, R), Q and @ have the
sanme neani ngs as defined in connection with the conpound represented by the
formula (1), and therefore, descriptions thereon will not be 10repeated.
Specifically, the nethod for producing the conpound represented by the
formula (1) includes a Step 1 process of dissolving the conpound
represented by the fornula (7) in a q}yent, di ssol ving the conpound
represented by the fornmula (8) into the solvent while slowy adding the
conpound dropw se, and thereby preparing a reaction mxture liquid. 15The

process of pkoducing reaction mxture |iquid by slowy addi dropwi se

t he conpound ¥ PE@%nﬁéﬁmﬁﬁefﬁﬁuﬁﬁ% I%FT%éthﬂ%g¢iée¥%%%@nW‘ Jethe carried
out in an.i o A2 - bath, . oo s the solvent, any one .selected fromthe
group coh§i Sglﬁ ‘?’ur%lémé’f it s}}lg{f&@})lceip?\ie‘} ‘é‘/é??%&d&ﬂ‘és },!Eké(t ‘i:}ﬁ)é@,“%grﬂl lﬁb‘é Eﬁﬁﬁg‘é‘o hol s,

and conmpipnati ons thereof can be used, and the solvent is preferably any one
selectgﬁb romthe group consisting of dichloronethane, chloroform

5di chl or oet LA d el ds B N8, eL hyl: acetate. ..oyl ate, and
corbi nat | ono B eap A Sl Retcl PR el Ko BT R B dlon R

represept zﬁﬂylbgr{'oifxﬂ"lﬁ‘avfilﬁ)g MW Qchibdn TRYhs! AR O gﬁldanDéaQH ﬁﬁ:l%géﬁcdeﬁﬂl)lf Fbﬁﬂ(:({g&llth h? he

reaction mXxture liquid prepared In the Step™ process to re
pr esencayineaelagl Grotdialgysilp cohPifnd bea BRRbGnGaRhYEE haldidh ARG, 35! ect ed
fromthe group consisting o#}trlethylanlne, di enyl am ne, “pyridi ne,

di enyl i sepDonylcadh mefersbida Cosbihh@abihons t hereof can be used, and
triethylam ne may be used with preference. When the reaction mxture liquid
is allowed tkhereeapbundirdphaepeebeneconhula (bashcbecat@hysindirtprédearedtesp 2
process, the desired product can be obtained in a mniml reaction tine,
and t hugetdlbowieadarivora (6)el d can be i ncreased. 15The reaction tinme for
reacting the reaction mxture liquid may be 1 to 6 hours, and is preferably
1 t1& 3 hour dFormula 6The conmpound represented by the fornula (1) may be
obt ai ned by washing the reaction m xture |iquid obtained after conpletion
of the reaction, with a hydrochloric acid solution (2% Ha) to renpbve the
basi c catal yst, subsequently collecting the organic |ayer,

‘The compound represented by the formula (1) can be synthesized by a method
described below.
That is, the method for producing the compound represented by the formula (1)
15 includes the steps of dissolving a compound represented by the following formula (7) and
a compound represented by the following formula (8) in a solvent, and allowing the
compounds to react in the presence of a basic catalyst to obtain the compound of the
following formula (1).

[Formula 7]



20and renoving the solvent of the organic |ayer by distillation under
reduced pressure. However, the present invention is not intended to be

limted thereto. The copol yner according to anot her aspect of the
present invention includes a repeating unit represented by the follow ng
formula (1-a). [Fornula I-a] - 13 - In the formula (1-a), Rl1l, R21

and Rn each i ndependently represent any one selected fromthe group

consi sting of a hydrogen atom a hqqueq atom an al kyl group having 1 to 8
carbon atons, and a hal ogenated al kyl""group having 1 to 5 carbon atons. 5R
1, R21 and R22 are each preferably any one selected fromthe group
consisting of a hydrogen atom a hal ogen atom an al kyl group having 1 to 5
carbon atons,_ and.a hal ogenated al kyl group having 1 to 3 carbon atons.

121 represenggiéﬁiyone selected fromthe group consisting of an al kyl

group, a hetekroa | .®soup, an aryl group, a heteroal kyl group, a
cycloalky@kbrodh, 10het eneycl oal kyl group, an al kyl ether group, and an
al kyl car bonyl Qgr@Qup. Rl is preferably any one selected fromthe group
consisting of an al kyl group having 1 to 10 carbon atons, a heteroal kyl
group having 1 to 10 carbon atonms, an aryl group having 6 to 20 carbon
atons, a hqugggmx@]group having 6 to 20 carbon atons, a cycloal kyl group
having 3 to 20 carbon atonms, a heterocycl oal kyl group having 3 to 20 carbon
atons, an al kyl ether group 15having | to 10 carbon atons, and an

al kyl car bonyl grpup having 1 to 10 carbon atons. Furthernore, Rl may
be substitwyted unsubstituted as defined herein, and when Rl is

substi t ut et~ n$referab|e that a hydrogen atom of 1{1 be substituted

wi th a hal ogen| ato R2 represents any one selected fromthe group
consisting of a hydrogen atomand - 14 -

[Formula 1]

RT']

O R, O
W c:))\fc\/u\o’RZ
Q, Q4

In the formula (7), formula (8) and formula (1), Qs represents a halogen atom, and
is preferably chiorine.
Rii, Ry, Ry, Q) and Q have the same meanings as defined in connection with the
compound represented by the formula (1), and therefore, descriptions thereon will not be
10 repeated.
Specifically, the method for producing the compound represented by the formula
(1) includes a Step 1 process of dissolving the compound represented by the formula (7) in
a solvent, dissolving the compound represented by the formula (8) into the solvent while
slowly adding the compound dropwise, and thereby preparing a reaction mixture liquid.
15 The process of producing a reaction mixture liquid by slowly adding dropwise the

compound represented by the formula (8) into the solvent may be carried out in an ice



an al kyl group having 1 to 5 carbon atons, and Q and 2 each independently
represent any one selected fromthe group consisting of a hydrogen atom and
a halogen atom Q and @2 are each preferably a fluorine atom

The copol yner may further include a repeating unit containing a functional
group 5Srepresented by the following formula (2). [Kagaku 2] In the
formula (2). R3 and R4 each i ndependently represent any one selected from
the group consisting of a hydrogenmaﬁgnL an al kyl group having | to 10
carbon atons, and 10a hal ogenated al Kyl group having I to 10 carbon atons.
R3 and R4 are each preferably any one selected fromthe group consisting of
a hydro. en atom an al kyl group having 1 to 7 carbon atons, and a
halogen%féd al kyl group having | to 7 carbon atons, and nore erLe{ably any
one sel ect ed, f, he group consisting of a hydrogen. atom  an al kyl group
aving 1t PR, AR SRERY HeplBratn RyPHGh g R o ¢ car bor
atoms. Any.Qne..l5sel .ed;fr . consi sting. of R3. R4 and ¢
conbina@?éw%f‘gég%fmﬁgﬁgqﬁéﬁgggﬁgﬁgﬁhgﬁﬁ§ﬁbg%gﬁ%Fﬁﬁb%%ﬁggggﬁﬁ%mgﬁm?nteger
from1 %re@‘era@l@f%m? ohé sflé@fé@f‘r%l tHe ug'%ﬁfg&[%gforf (amhior&?xmﬁane-rg@ofo?&%ﬁﬁr;;g

containing a functional group represente the tormu ( b
gf risv e%@ﬁl@%bﬁaaﬁ@ EBaUAiRil SBhRAEM Ay DX chREch Pl QM nd Wibthaid3) - 20l Kagaku

unit
e

thereof.

The method for producing the compound represented by the formula (1) may
include a process of allowing the reaction mixture liquid prepared in the Step 1 process to
react in the presence of a basic catalyst.

10 As the basic catalyst, any one selected from the group consisting of triethylamine,
dienylamine, pyridine, dienylisopropylamine, and combinations thereof can be used, and
triethylamine may be used with preference. When the reaction mixture liquid is allowed
to react in the presence of a basic catalyst in the Step 2 process, the desired product can be
obtained in a minimal reaction time, and thus the reaction yield can be increased.

15 The reaction time for reacting the reaction mixture liquid may be 1 to 6 hours, and
is preferably 1 to 3 hours.

The compound represented by the formula (1) may be obtained by washing the
reaction mixture liquid obtained after completion of the reaction, with a hydrochloric acid
solution (2% HCI) to remove the basic catalyst, subsequently collecting the organic layer,

20 and removing the solvent of the organic layer by distillation under reduced pressure.
However, the present invention is not intended to be limited thereto.

The copolymer according to another aspect of the present invention includes a
repeating unit represented by the following formula (1-a).

[Formula 1-a]



In the formula (3), 1212 represents any one selected fromthe group

consisting of a hydrogen atom a hal ogen atom an al kyl group having 1 to 8

carbon atons, and a hal ogenated al kyl group having Ito 5 carbon atons, and

R12 is preferably any one 5sel ected fromthe group consisting of a hydrogen

atom a hal ogen atom an al kyl group having 1 to 5 carbon atons, and a

hal ogenat ed al kyl group having 1 to 3 carbon atons. R3 and 124 each

i ndependently represent any one seLe%%eq fromthe group consisting of a

hydrogen atom an al kyl group having ™I to 10 carbon atons, and a

hal ogenat ed al kyl group having 1 to 10 carbon atons, and preferably, R3 and

R4 each i ndependently present 10any one selected fromthe group consisting

of a hydrogen_atom __an al-kyl group having 1 to 7 carbon atonms, and a

hal ogenat e oup having 1 to 7 carbon atons, and nore preferably any

one sel ec consi sting of a hydrogen atom an al kyl group

havi ng | , and a fluoroal kyl group having 1 to 4 carbon

atons. Any one sel-€cted fromthe group consisting of R3, 1(4 and a

conbi nati on thereo?}Lﬁha hal ogenat ed 15al kyl group. n represents an i nteger
'S

from1l to 6, agg.n referably an integer from1l to 3. Rs represents
a dival ent hyd c&t bon group, and is preferably any one selected fromthe
group consi sti of =afd al kanedi yl having 1 to 20 carbon atom an al kenedi yl

having 2 to 20 carpon atons, a heteroal kanediyl having I to 20 carbon
atonms, a 20heteroalkenediyl having 2 to 20 carbon atons, a cycl oal kanedi yl
having 3 to 30 carb atons, a cycl oal kenediyl having 3 to 30 carbon atons,
a heterocycl oal kanediyl having 2 to 30 carbon atons, and a

het er ocycl odhkienfedinylh (hayifg 1B, tal BY casll haBpaidents: represdif any one RS is

nore preferably any one selected fromthe group consisting of -0Cl42-, -
OCH( C1)sclec@OHgn the- (EOGHMs#Ang oGl hykRo fenCltiRA42halogdBHREh 4dr AkyIQ4dup
- Cl42-0- CH2C117C1-12-, -Cl42012-0-CH2CH2-, -CH2Cl147042-04142-, -
C( CE13)lz@irg2l to 8 @@ ABNSIRd a haltide CHROABY L grouCiiahiQCHB) S carb@f @l6d)s( OCI - 13) -,
-042-S-_5CH2-, -CH2-S-CH2CH2-, -CH2CH2-S-CH2-, -CH2-S- CH2CH2CH2-,
- CH2CHR 15 IompaiRa; are each preferably any one selected from the group consisting of a
hydrogen atom, a halogen atom, an alkyl group having [ to 5 carbon atoms, and a
halogenated alkyl group having 1 to 3 carbon atoms.
Ry represents any one selected from the group consisting of an alkyl group, a
heteroalkyl group, an aryl group, a heteroalkyl group, a cycloalkyl group, a
10 heterocycloalkyl group, an atkyl ether group, and an alkylearbonyl group. R is preferably
any one selected from the group consisting of an alkyl group having 1 to 10 carbon atoms,
a heteroalkyl group having 1 to 10 carbon atoms, an aryl group having 6 to 20 carbon
atoms, a heteroaryl group having 6 to 20 carbon atoms, a cycloalkyl group having 3 to 20
carbon atoms, a heterocycloalky! group having 3 to 20 carbon atoms, an alkyl ether group
15  having 1 to 10 carbon atoms, and an alkylcarbonyl group having 1 to 10 carbon atoms.
Furthermore, Ry may be substituted or unsubstituted as defined herein, and when
R is substituted, , it is preferable that a hydrogen atom of R, be substituted with a halogen

atom.

R, represents any one selected from the group consisting of a hydrogen atom and



- CH2CH2CH2- S- Ol 17-, - CH(CH2) CH, -C(CH2Cl2)-, -Cl12C0-, - CH2CH2CO-, -
Cl (CH3) CH2C0-, -Cl(OH)-, -C(OH)(CH3)-, -CH(F)-, -ClI(Br)-, -CH(Br)CH( Br)-,

CH=CH, -CH7Cl=Cl-, -ClT=CHC142-, -Cl =CHCO, -C7H9- and -Cl101414-. The

hydrogen atons of R5 may be each substituted with any one selected fromthe
group 10consi sting of an al kyl group having Ito 20 carbon atons, a
cycl oal kyl group having 3 to 30 carbon atons, an aryl group having 6 to 30
carbon atons, and conbi nati ons thereof, _ The conpound represented by
the formula (3) may be a compound represented by any one selected fromthe
group consisting of the followng formulas (4) to (7). [Formula 4][Formul a

5]

15 1911 391()51 g?mﬁ%ia-vinﬁflc?olzé ca'f‘gocn ‘95'13’15,[ a'?u%r(g;u 2'111?1 (?2] 4&1('?1(1) 51%;'3&&%&3; represent
any one selected from the group consisting of a hydrogen atom and a halogen atom. Q
and QQ; are cach preferably a fluorine atom.

The copolymer may further include a repeating unit containing a functional group
5  represented by the following formula (2).
[Kagaku 2]

P 3

A

\on
/

R
1
|

R4 /n

4
In the formula (2), R3 and R4 each independently represent any one selected from
the group consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, and
10 ahalogenated alkyl group having 1 to 10 carbon atoms. Rz and Ry are each preferably any
one selected from the group consisting of a hydrogen atom, an alkyl group having 1 to 7
carbon atoms, and a halogenated alkyl group having 1 to 7 carbon atoms, and more
preferably any one selected from the group consisting of a hydrogen atom, an alkyl group
having 1 to 4 carbon atoms, and a fluoroalkyl group having 1 to 4 carbon atoms. Any one
15 selected from the group consisting of Rs, R4 and a combination thereof is a halogenated
alkyl group.
n represents an integer from 1 to 6, and n is preferably an integer from 1 to 3.
The repeating unit containing a functional group represented by the formula (2)
may be derived from a compound represented by the following formula (3).

20 [Kagaku 3]



- 17 - The repeating unit containing a functional group represented
by the fornula (2) nay be a repeating unit represented by the follow ng
formula (3-a). [Fornula 3-a] [R23R12 neni kt AFUtil.rvl IR2 5 1n the
formula (3-a), R23 and R24 each independently represent any one sel ected
fromthe group consisting of a hydrogen atom a hal ogen atom an al kyl
group having 1 to 8 carbon atons, and a hal ogenated al kyl group having 1 to
5 carbon atons, and R23 and R24 are each preferably any one selected from
the group consisting of a hydrogen atom a 10hal ogen atom an al kyl group
having | to 5 carbon atons, and a hal ogenated al kyl group having I to 3

carbon at ons. In the fornmula (3-a), R19, R3, R4, R5 and n respectively
have the sane nings as defined in connection with the formula (3), and
thus further éxpl4anati on wWill not be
HO Rs R
~0 12
Ry/n

In the formula (3), Ry represents any one selected from the group consisting of a
hydrogen atom, a halogen atom, an alkyl group having 1 to 8 carbon atoms, and a
halogenated alkyl group having 1 to 5 carbon atoms, and R; is preferably any one

5  selected from the group consisting of a hydrogen atom, a halogen atom, an alkyl group
having 1 to 5 carbon atoms, and a halogenated alkyl group having 1 to 3 carbon atoms.

R3 and R4 each independently represent any one selected from the group consisting
of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, and a halogenated alkyl
group having 1 to 10 carbon atoms, and preferably, Ry and Ry each independently present

10 any one selected from the group consisting of a hydrogen atom, an alkyl group having 1 to
7 carbon atoms, and a halogenated alkyl group having 1 to 7 carbon atoms, and more
preferably any one selected from the group consisting of a hydrogen atom, an alkyl group
having 1 to 4 carbon atoms, and a fluoroalkyl group having 1 to 4 carbon atoms. Any one
selected from the group consisting of Rs, Ry and a combination thereof is a halogenated

15 alkyl group.

n represents an integer from 1 to 6, and n is preferably an integer from 1 to 3.

Rs represents a divalent hydrocarbon group, and is preferably any one selected
from the group consisting of an alkanediyl having 1 to 20 carbon atom, an alkenediyl
having 2 to 20 carbon atoms, a heteroalkanediyl having 1 to 20 carbon atoms, a

20 heteroalkenediyl having 2 to 20 carbon atoms, a cycloalkanediyl having 3 to 30 carbon
atoms, a cycloalkenediyl having 3 to 30 carbon atoms, a heterocycloalkanediyl having 2 to

30 carbon atoms, and a heterocycloalkenediyl having 3 to 30 carbon atoms.



- 18 - repeated. The repeating unit represented by the fornula (3-a)
may be a repeating unit represented by any one selected fromthe group
consisting of the following formula (4-a), forrmula (5-a), fornmula (6-a),
formula (7-a), and conbi nati ons thereof. [ Formul a 6-a] [ Formul a 7-al
When the copolyner is used in a resist protective filmconposition

contai ning the 10copol yner, the copolyner may have characteristics such as
that the copolyner is transparent to %he exposure |ight, is not conpatible
with the liquid for exposure during - 19 - inmersion exposure, and does
not cause intermxing with the resist. Furthernore, the copol yner has

appropri at e Jhydro dr ophobi ¢ racteristics t he
cholgner égxP85&%@“hﬁ@ﬁﬁﬂﬁﬁP?%ﬁﬁﬁmgﬁ“Vﬁ FReoRIQURESEHRE Bﬁgxﬁgzthe exposur e

ot - hav @ TRSPst o B SER TGy T %%fliz oS bR e bl Rah Bt ect
Ty OGS, USPRG. 0N @ (ile 29A01BRSRILEN L ey eXpOsHL e apparatus.  However,

since the“resist pro Sitl vention contains a

copol yme(c i, | @@(E‘f”ﬁiﬂ%—ﬂ%ﬁﬁéﬁ g pnidi (/R Onzse@¢c @CIE?— dorgula (1) as

as a repeating unit contalnlng fun ésented by the
for mul ac(i2) .ciihs- GI%%Jrﬁt -proteciy-we,f Ldm_gmmmg ! h@ﬁcﬁ?@f@ﬂmﬁ} €

hydrophilicity and

-CH,CHCHy-S-CH;-, ~-CH(CH,)CH-, -C(CH,CHp)-, -CH,CO-, ~-CH,CH,CO-, -
CH(CH;)CH,CO-, -CH(OH)}-~, ~-C(OH) CH3)-, -CH(F)-, -CH(Br)-, -CH(Br)CH(Br)-, -
CH=CH-, -CH,CH=CH-, -CH=CHCH;-, -CH=CHCO-, -C;Ho- and -Cgl{j4-. The
hydrogen atoms of Rs may be each substituted with any one selected from the group

10 consisting of an alkyl group having [ to 20 carbon atoms, a cycloalkyl group having 3 to
30 carbon atoms, an aryl group having 6 to 30 carbon atoms, and combinations thereof,

"The compound represented by the formula (3) may be a compound represented by

any one selected from the group consisting of the following formulas (4) to (7).

[Formula 4] [Formula 5]
=
e 0
r {
FiC P
F3C F3C CF,
FC" o F.C OH

15

[Formula 6] [Formula 7]



10sol ubility and forns a filmhaving inproved surface properties so that
the I evel of defects occurring in the filmcan be | owered. The copol yner
may be such that the nolar proportion mof the repeating unit represented
by the formula (I-a) is 0.01 5 m5 0.6, the nolar proportion 1 of the
repeating unit represented by the formula (3-a) is 0.4 515. 0.99, and the
sumof mand 1 is |. 15Preferably, the copolynmer may be such that the nolar
proportion mis 0.01 5 m5 0.3, the qql@r proportion 1 is 0.7 5. I 5 0.99,
and the sumof mand 1 is 1. Wen thé proportions of the repeating units of
t he copolyner are in the ranges descri bed above, in case where the resist
protective f,il mconposition containing the copolyner is applied to an

i mrer si on posure nethod, the conposition nay exhibit 2 Oappropriate

i characterlstlcs with low affinity to water. The copol yner
t average nol ecul ar wei ght as neasured by gel perneation

chr omat ogr
mol ecul ar “dei ght of 2,000 to 100,000. When a ol yner having a wei ght
aver age nol § ar weight in the range descri bedy\above is used, renoval of

t he protect il m 25contai ning the copol ymer by=t@e sol vent intended for
protective Mt enoval can be easily - 20 -

hi eved, and the protective
filmmay be\easily dissolved in the devel oper se]ution. I f the weight
mal |, interm xing of the
info pure water may occur
a%s nol ecul ar wei ght

aver age nol ecul ar wei ght of the copol yner t
copol yner @g@rgc ur, or elution of the Cgfilf
wei

in the cas nmer si on exposure. |If th
is too | arge, N
The repeating unit containing a functional group represented by the formula (2)

may be a repeating unit represented by the following formula (3-a).

{Formula 3-a]

Ras  Ryz l
RZM ..... WMNE\M
=0
O\ Ry
R5-<-+—}~OH
R3 /n

(@}

In the formula (3-a), Ra3 and Ry, each independently represent any one selected
from the group consisting of a hydrogen atom, a halogen atom, an alkyl group having 1 to
8 carbon atoms, and a halogenated alkyl group having 1 to 5 carbon atoms, and Ry; and
R4 are each preferably any one selected from the group consisting of a hydrogen atom, a
10 halogen atom, an alkyl group having 1 to 5 carbon atoms, and a halogenated alkyl group
having 1 to 3 carbon atoms.
In the formula (3-a), Ry2, Rs, R4, Rs and n respectively have the same meanings as

defined in connection with the formula (3), and thus further explanation will not be



S5appropriate filmformation may not be easily achieved, or the solubility
of the copolyner in alkali may be decreased. The resist protective film
conposition according to another aspect of the present invention contains
the copolyner. The termresist protective filmconposition neans an

overlay filmformng conposition which fornms a protective filmover a

phot oresi st film 10when radi ation-induced pattern formation is carried out.
The resist protective filn1conposigi9% can be prepared by further adding a
solvent to the copol yner. When the résist protective filmconposition is
prepared by adding a solvent to the copolyner, filmformability of the
resist protective filmconposition can be inproved. 15In the resist
protect(Wgﬂ?ﬁln1conposition, the solvent is used such that the content of
the copol yney, based on the total anpunt of the resist pratective film
conpost i on 1% B E Brb Bt BT Bhp e o A ryS B o Pe i85ty “wel ght . and
nore pr r.ahl .20 1 0. D% by wei,aht. en. t-he sol vent .is.used in.an anount
resul ti% ?‘TS%H'EI: %}é)}oél pggfcysﬁgr& e?gh({lekg%%%\égebﬂalesé% P’ﬁ@él\ﬁgl oV ee %1Wélgaf(:4fdr)r1

f or mabi |, y ‘ i8] i ve, I : it ion can be

20appr O%er 'itng%ag(lfsydt)’p ggﬁﬁgt@@.’%ﬁmg%x)f Iged éso @g%%%%éltrﬁg%rhe selected fromthe
group consi sthaguRky-gsters, ethers, |act@pgfuakeijones, al cohols, and

conbi nati ons thereof can be used, and preferably, any one selected fromthe
group consisting of alcohols, ethers, and conbi nati ons thereof can be used.
2 5An al cohol - based sol vent may incl ude any [one | eqted fromthe group
consisting - 21 - of a nonohydric al cohol I K¢ alcohol, a trihydric
al cohol, apd conbi nations thereof, and a nonohydyic gl cohol is preferably
used. When|the golvant includes a nonohydric alc as descri bed above,

t he sol ubry protective filmconpositi may be increased, and
damage of the riesist filmcan be mnimzed. 5Mire preferably, a nonohydrie
al cohol havi ng b 12 carbon atons can be used As the al cohol - based

sol vent, or a@mnohydric al cohol having 4 to 8 rbon atons can al so be
used. When a nopehydric al cohol having 4 to_8.caChon atons is used as the
al cohol - based golvent, the solubility of t hearegl st protective film
conposition ca Fkncreased, and damage ofFi@e e%&ﬁt filmcan be

m ni m zed. ae CF3 3

,C OH
[Formula 6-a] [Formula 7-a]
/.’ .
O‘\ .WMV\/%\NV‘
>M.MO
Fr
JC\\ [::::(1;0
HO “ Ch3a
CFj HO

When the copolymer is used in a resist protective film composition containing the
10 copolymer, the copolymer may have characteristics such as that the copolymer is

transparent to the exposure light, is not compatible with the liquid for exposure during



10Specifi c exanpl es of the nonohydric al cohol having 4 to 8 carbon atons

i nclude 1- butyl al cohol, 2-butyl alcohol, isobutyl alcohol, tert-butyl
al cohol, 1-pentanol, 2-pentanol, 3-pentanol, tert-amyl alcohol, neopentyl
al cohol, 2-nethyl-I-butanol, 3-nmethyl-1 -butanol, 3-nethyl-3-pentanol,

cycl opent anol, 1-hexanol, 2-hexanol, 3-hexanol, 2, 3-dinethyl-2- butanol,
3, 3-di net hyl - I -but anol , 3, 3-di net hyl - 2- but anol, 2-ethyl-I|-butanol,
2-methyl -1- 15 pentanol, 2-nmethyl-2-pentanol, 2-nethyl-3-pentanol,
3-nmet hyl -1 -pentanol, 3-nethyl-2- pentano 3-nethyl - 3-pentanol,

4- nethyl-l-pentanol 4- nethyl 2- pentanol, 4-nethyl-3- pentanol,

cycl ohexanol , nblngtlons t t her - based

eof.. . As an
solvenﬂnngﬁ§K3 ép%%-eéPééo%“Bﬁf?ﬁaﬂ Wgﬂﬁmédﬁgvg?ﬁﬁﬁt P”HF“H“HU‘?I et her
di b th t h tyl ether,
d: ! :gcufo St ﬁﬁtlé}%defuﬁgm&l (}Ié%]yile {%dl} l}ﬁ)blcp&’ﬁg@ gté‘tsﬁéorlha'alh%oggprb?/nate i oﬁ;
t her eof og)%ﬂmpé? cH? ?(Qiuccp#ﬁtc ottaﬁuf?l & 3?%11&1 ﬁgﬁ%ts%ﬂu{r}étllg%&poslum O}i[n%gcs% OC;Eese.

The resi st protective mcorrp03| I on con

mai nt ai ﬁb&ifﬁ%ﬁy,\{?ih@%ulsféégdf%c teQist é‘%te%t%@ﬁln?@ AL e‘ﬁﬂ%@u@tc\“ nyl sul foni ¢

acid type protective filmconposition is Used in or prevent the

occur r emeRoMilidsf Bedbse @éfcél;h@: &fhtlel%(ﬁkrdt%% nlaay'ﬁk‘}iugﬁ%@ncﬁh%Qh gR?ﬁW e the

pol ymerizati on yield or properties. - or formng a

pat t er ngpdad 80tht BepdsaRd dpbalt@t Tfioler gl'ntéﬁ%ﬁé%@?@%ﬁ Stb@QRve c@mﬁ@ﬁﬁ{&f‘&ﬁ qpal
pattern form ng nethod can be used. Specifically, such a nmethod I ncludes

the st epssenf infvertom@naiphotpoBadtwHidH McRbcPe RYBSNEANR refr&dellcdByans esi st
protective fil mon the photoresist filmusing the resist protective film

conposi foroula (Exgposilhg 4 Rpeagtmincoanthifdetekopiagraupeepbehetesins film
usi ng a devel oper sol ution. The conpound of the present invention, the
copol ynferm@l@r@hthﬂmgsttmoisctc\@rﬁiﬁmrdnpcannbntiiaeappeepx&tte pydvdb@dli¢ivwearddi | m

composi tion contalnlng the copolyner can be used in a resist protective

fi LA whiobpiliaand derfrisei fdnt havighimprowdswifesd popyfics ® thdttheksel of defecar mi xed
with the resist film has appropriate hydrophilic or hydrophobic

char act®fiighgds thedgdascandie lewpicBi t a 10phenonenon of pattern shape
deterloratlon is easily dissolved in alkali devel gper solutions, and is
capabl e of r éﬂaﬁei’%mf«%@dbé‘é Sighehrdhbemolas prawsichaneé the reprating upit ocess of

i ner sion or dr st Mode for Car ng Qut the |Invention 1

SHer ei HSPEEMICY %e‘ﬁf)ﬁmgg{l;(l 5\3@9&1 onMyii §-p- Be “{?éé Fonsern pldlt peativg way of

Exanpl ¢ (it represented by the formula (3-a) is 0.4 <1 <0.99, and the sum of m and 1 is 1.

15  Preferably, the copolymer may be such that the molar proportion m is 0.01 <m < 0.3, the
molar proportion 1 is 0.7 <1 £ 0.99, and the sum of m and [ is 1.

When the proportions of the repeating units of the copolymer are in the ranges
described above, in case where the resist protective {ilm composition containing the
copolymer is applied to an immersion exposure method, the composition may exhibit

20 appropriate hydrophobic characteristics with low affinity to water.

The copolymer may have a weight average molecular weight as measured by gel
permeation chromatography of 1,000 to 500,000, and preferably a weight average
molecular weight of 2,000 to 100,000. When a copolymer having a weight average

molecular weight in the range described above is used, removal of the protective film

25 containing the copolymer by the solvent intended for protective film removal can be easily



so that a person having ordinary skill in the art can carry out the present
i nvention. However, the present invention can be realized in various

different enbodinents and is not intended to be limted to the Exanples

described herein. fPreparation Exanple: Synthesis of nonomer and pol ynmer]
20( Synt hesis Exanple 1) Synthesis of 2-nmethylacrylic acid

1- (car boxydi fl uoronet hyl ) propyl ester nononer In a 1-L flask, 100 g of

2, 2-di fl uoro- 3- hydr oxypent anoi ¢ aci d s dissolved in 300 mM of

di chl oronet hane (al so called as nethylene chloride, MJ), and thus a
reaction solution was prepared. 67 g of nethaﬁrylo¥l cglgridehmas Flordy
dded tq t.he fla flas th added net hacryl oy

2h| ori d&HIRE dsfui“f[:fl&‘flCf%‘rméi%‘é?}tm@gbcrﬁd sqlypd in ??dw‘“ We! §°¢EBat h, and then

dd d the £l ask.
£ AR AT A A
eacti off 1eaar i nst RSk it PBL R R DG okl BGal B P ey
ol ut i 0Basc SRR &@)o Qaﬂitfg% {v@'%g{(; a \r‘@g llg(ﬂgrt?lllcﬂ%gel WS" to%q%r‘g,?,nt of the

organic layer was distilled o r dced press hus a conpound

| (D) nas
{)EF;@?} : dﬁ;ﬁg%ﬂ%ﬁcg fﬁ‘l}é:l'éé{ngatlétg‘hndymort gt_? %S?k ;19!2%\%% ?1?%3%61%8 Iﬁf BEAE oy @

- (car boxyaliill thay epakdyi@r opyl ester _ .
(2, 2-di fluoro-3-(methacryl oyl oxy) pentanoi c acid), which is the conpound

represent ed Bhye fepisnprb@civl filihcdigosiiRinl QVArBGio 6 Qﬁéthé}rhsﬁ@d" %[T'ﬁle(p dsen(WaS
obt ai ned, and the 10structure was confirmed by 1H N NVR 8=

0.96(t, :r@bht,lonlc,oﬁlﬂmis & 6mpol Abr, IThe9@3(T5r,65131|'11)10t03t1\7€5161|iﬂ cdmﬂr@smo'i 15@&61@ anl H),
6.15(d, 1H) [Reaction schene I] 0 HO 1-7\ OH
overlay film forming composition which forms a protective film over a photoresist film

10 when radiation-induced pattern formation is carried out.

The resist protective film composition can be prepared by further adding a solvent
to the copolymer. When the resist protective film composition is prepared by adding a
solvent to the copolymer, film formability of the resist protective film composition can be
improved.

15 In the resist protective {ilm composition, the sofvent is used such that the content of
the copolymer based on the total amount of the resist protective film composition is 0.1%
to 20% by weight, preferably 0.1% to 10% by weight, and more preferably 0.5% to 5% by
weight. When the solvent is used in an amount resulting in the copolymer content range
described above, the film formability of the resist protective film composition can be

20 appropriately regulated.

As the solvent, any one selected from the group consisting of esters, ethers,
lactones, ketones, alcohols, and combinations thereof can be used, and preferably, any one
selected from the group consisting ol alcohols, ethers, and combinations thereof can be
used.

25 An alcohol-based solvent may include any one selected from the group consisting



FF Et3N d M 15(Polyner Synthesis Exanple 1) 10 g of
2-met hyl acrylic acid 1-(carboxydifl uoronethyl)propyl ester

(2, 2-di fluoro3-(nethacryl oyl oxy) pentanoi c acid), which is the conpound
represented by fornula [A] in the reaction schene (1), and 75 g of
2-methylacrylic acid 4,4,4-trifluoro-3-hydroxy-1-

met hyl - 3-trifluoronethyl butyl ester were dissolved in 255 g of I, 4-di oxane,
and thus a 20reaction sol ution mas_pﬁﬁpqred. The reaction solution was

I ntroduced to a jacketed reactor togéther with 5.5 g of

di met hyl azobi sbutyronitrile (DMAB), which is a polynerization initiator,

th I Xt A A , d.t.h reagti.an liquid was prepared. - 24 -
The tenpel BetnE B RSl Ave aheiact Tfiyugse ,C%Qﬂo‘“%irf@nlbé‘ﬁg@f‘%ﬁ‘?f@ﬁw/as
aced in the

' . . ' i qujd |
Zg?rggo%?hiﬁgn@ﬁggﬁ§a§5&5%¥r#%€ﬁﬁn§§§t%ﬁ?%&%ggbﬁ“&@i&@”dﬁﬂ%?ﬁgg??ring at

?ﬁec ]; g;eg,[g(l)}g)(gﬂ%’ ?cgfﬁl}%]d&{v]\?abtgog thé& @ﬁﬁl‘nﬂ& (%fthé {3]1%&{0?1%: hln? Q()Aqfx%i 'ii0q1 Mlgys bé onpl et ed,
increased, and damage of the resist film can be minimized.

5 More preferably, a monohydric alcohol having 4 to 12 carbon atoms can be used as
the alcohol-based solvent, or a monohydric alcohol having 4 to 8 carbon atoms can also be
used. When a monohydric alcohol having 4 to 8 carbon atoms is used as the alcohol-
based solvent, the solubility of the resist protective film composition can be increased, and
damage of the resist film can be minimized.

10 Specific examples of the monohydric alcohol having 4 to 8 carbon atoms include 1-
butyl alcohol, 2-butyl alcohol, isobutyl alcohol, tert-butyl alcohol, 1-pentanol, 2-pentanol,
3-pentanol, tert-amyl alcohol, neopenty! alcohol, 2-methyl-1-butanol, 3-methyl-1-butanol,
3-methyl-3-pentanol, cyclopentanol, 1-hexanol, 2-hexanol, 3-hexanol, 2,3-dimethyl-2-
butanol, 3,3-dimethyl-1-butanol, 3,3-dimethyl-2-butanel, 2-ethyl-1-butanol, 2-methyl-1-

15  pentanol, 2—1116thy1~2—p011ta1101, 2-methyl-3-pentanol, 3-methyl-1-pentanol, 3-methyl-2-
pentanol, 3-methyl-3-pentanol, 4-methyl-1-pentanol, 4-methyl-2-pentanol, 4-methyl-3-
pentanol, cyclohexanol, 1-octanol, and combinations thereof.

As an ether-based solvent, any one selected from the group consisting of di-n-butyl
ether, diisobutyl ether, di-sec-butyl ether, di-n-pentyl ether, diisopentyl ether, di-sec-pentyl

20 ether, di-t-amyl ether, di-n-hexy! ether, and combinations thereof can be used, but the
present invention is not limited to these.

The resist protective film composition containing the copolymer can maintain a
pKa value similar to the value obtainable when a vinylsulfonic acid type protective film
composition is used in order to prevent the occurrence of defects at the film surface, and

25 can also improve the polymerization yield or properties.



5added dropwise to 3.4 L of n-hexane to induce precipitation, and a
precipitate thus obtained was filtered and dried in a vacuum After the
precipitate was dried in a vacuum as such, a polyner having a structure
represented by the following forrmula (9) was obtained. The wei ght average
nol ecul ar wei ght of the polymer relative to polystyrene standards was
nmeasured, and the nol ecul ar wei ght was found to be 7,800. 1 O[Formula 9] In
the formula (9) shown above, a is 0. and b is 0.1. (Polyner Synthesis
Exanpl e 2) 10 g of 2-nmethylacrylie acid

1- (car boxydi f | uoronet hyl ) propyl ester (2 2 di fluorol

53- (net hacryl o anoi c is the .conpound represented by
Formula LA 45t PRl EERFBRDuRER syt et L G iGF NOT BPRYTAERgI 1 ¢ act &
2-(3,3, drox 1,1 2-tris(trifluarometh et hyl
est er \/\fgornté“’kcfJ (gsnég‘:) Eﬂu’ m%%‘ bthS‘? o %iﬂ%‘g é]ﬁecmc f‘j’ Th ﬁ¥wlgoc§180@% on was
| ntrodug, ngc Elﬁp{gﬁmﬁl o%ﬁlt,&?%ﬂl A 4 § %H@rmg]?aéﬁli&sm I(Qt{z"rll:vléliﬁ 1 on

(di met hyl'a S uty as a po ynerlz nit e m xture

was st ik efoofditht a0 R h's'lﬁ{,"f‘hc, RGO b Ofglquc ‘f‘@%gﬁ’mﬁp tpggrrlgér e %éiézm Wg%d The

tenperature of an agitator was set to sl ow y

rai sed. 4 SuRpeUes bhdtordsREfiMeaGhE Qeddi et bi¥@sh. Pl aced in the agitator, and
t he reactlgﬁ ﬁ#du?é &%s aIl dgtogﬁéggt unde} stirring at 65C for 8 hours.

When the reagfe @mpalind BEHE PAGENGRvnti BN tHe %% Jﬁ QIR Sl B g ﬂﬁec(ﬁa%faha On l'i qui d
was 5added dropwise to 5 L of n-hexane to induce precipitation, and

preci pidraltiee td3iss pidcalve &iln wesipbdilidres@thudng (i dopdlynitr daly BE Wstdin Ak dseF t he
precipitate was dried in a vacuum as such, a polyner having a structure

r epr esembedtiby il evhichl Hae wi fifigich ol ghilltlanitﬂi@ﬂ)lvntﬁ& oheadingdiermibedwaihght aver age
nol ecul ar wei ght of the polymer relative to polystyrene standards was
measur edsisiainch, hheapwdpecad bydrogiighor hwasofhobinadhtiacteastigs50@:s not exhibit a

10 phenomenon of pattern shape deterioration, is easily dissolved in alkali developer

solutions, and is capable of reducing the occurrence of various defects in the process of

iminerston or dry exposure.

Best Mode for Carrying Out the Invention
15 Hereinafter, the present invention will be described in detail by way of Examples
so that a person having ordinary skill in the art can carry out the present invention.
However, the present invention can be realized in various different embodiments and is
not intended to be limited to the Examples described herein,
[Preparation Example: Synthesis of monomer and polymer|

20 (Synthesis Example 1)

Synthesis of 2-methylacrylic acid 1-(carboxydiffuoromethylpropyl ester monomer

Ina I-L flask, 100 g of 2,2-difluoro-3-hydroxypentanoic acid was dissolved in 300
ml of dichloromethane (also called as methylene chloride, MC), and thus a reaction
solution was prepared. 67 g of methacryloyl chloride was slowly added to the flask in an

25  ice bath. The flask with added methacryloyl chloride was stirred for about 20 minutes in



10[ Formula 10] In the formula (10) shown above, ais 0.9, and b is 0.1.
(Pol ymer Synthesis Exanple 3) 5 g of 2-nethylacrylic acid

1- (car boxydi f | uoronet hyl ) propyl ester (2,2-difluoro-3- 1

5( et hacryl oyl oxy) pentanoi ¢ acid), which is the conpound represented by
formula [A] in the reaction schene (1), and 70 g of acrylic acid
5-(3,3,3-trifluoro-2-hydroxy- 2-
trifluoronethylpropyl)-bicyclo[2.2;15@egt-2-y1 ester were dissolved in 255
g of 1,4- - 26 - dioxane, and then the solution was introduced into a

j acketed reactor together with 5.5 g of DMAB (di nmet hyl azobi sbutyronitrile)

i zati intiator. The m xture was stirred, and thus a reaction
i 0 ISeeprEpapaieing € bhpirtattree M&awa@fiegiyoqdrda&grwjettaﬂwgc, and t he
t LUl as sl ow.y 5Sraised. .Subsequent!|y, the reaction |iquid was
o acea. 1 eagreatar e RGBT ko Bl Bt B 6l uncer
irri at, or 8 haurs, . .. Men the reaction of .the reaction liqu
ves conit B ieh e budtHES i AL Van bbbl 6845 BTER n hexane to

rduce, RLSELRLY Y anst B BLEGLALLAL, KIS AR 2L 18S e, ane

dried in a vacuum precip such, a

10pa] ymghs RV, arRt oUChHE@RE 6 aﬁ§ﬁ£§e?%a@¥iﬁtiﬂ§? B{P lhopd 10&@[3{%% . (11) was

obt ai ned. The wei ght average nol'ecul ar wei g he pol yner at'ive to

Egl % sg %ﬂgﬁg}iﬁ? ?é]ﬂﬁfiﬁ% r¥R8scTRADY B EmuIA A | tGe TR REHE RhctiRl QREm¥as .Qund to
obtained. 101 g (yield 75%) of 2-methylacrylic acid 1-(carboxydifluoromethyl)propyl
ester (2,2-difluoro-3-(methacryloyloxy)pentanoic acid), which is the compound
represented by formula [A] in the following reaction scheme (1), was obtained, and the
10 structure was confirmed by 'H-NMR.
"H NMR &= 0.96(t, 3H), 1.40-1.55(m, 2H), 1.93(s, 3H), 3.75(m, 1H), 5.58(d, 1H),
6.15(d, 1H)

[Reaction scheme 1]

' EtaN o~
Cl

MC

15 (Polymer Synthesis Example 1)

10 g of 2-methylacrylic acid 1-(carboxydifluoromethyl)propyl ester (2,2-difluoro-
3-(methacryloyloxy)pentanoic acid), which is the compound represented by formula [A]
in the reaction scheme (1), and 75 g of 2-methylacrylic acid 4,4,4-trifluoro-3-hydroxy-1-
methyl-3-trifluoromethylbutyl ester were dissolved in 255 g of 1,4-dioxane, and thus a

20 reaction solution was prepared. The reaction solution was introduced to a jacketed reactor
together with 5.5 g of dimethylazobisbutyronitrile (DMAB), which is a polymerization

initiator, the mixture was stirred, and thus a reaction liquid was prepared.



[Formula I I] 15In the formula (11) shown above, ais 0.9, and b is 0.1.
(Pol ymer Synthesis Exanple 4) 5 g of 2-nethylacrylic acid

1- (car boxydi f | uoronet hyl ) propyl ester (2,2-difl uoro-3-

(met hacryl oyl oxy) pentanoi ¢ acid), which is the conpound represented by
formula [Al in the reaction schene (1), and 73 g of 2-nethylacrylic acid
1-cycl ohexyl-4,4,4-trifluoro-3- - 27 - hydroxy-3-trifl uoronethyl butyl
ester were dissolved in 234 g of 1_4?qigxane, and then the sol ution was
introduced into a jacketed reactor together with 5.5 g of DVAB
(dinethylazobisbutyronitriIe) as a polynerization initiator. The m xture

irred, d d. 5The t t f
anagi tator WhcCeRr et %{SeaCtﬁg’nt‘”f‘?ég‘%{:éﬂﬁﬁt“ﬁ@%’gp%llaﬂlhf yardotd.

SubseaUEREl Y SubABERRCHLAD LAY G4 P BT Pl Pel: 3R BESbupTIADS, |
Wen th@ré&. %ﬂ%édqglgctﬁgb%hﬁtﬁa%%%} a?@ dd ﬂ}’%%o‘ﬁ‘%s Cor’rpl eted, the reaction liquid

was adde ropw se t exane 0 °i nduce precipitation, and a

precipitate Wlflbﬁlh%(?@zml%h B?gle"i@aﬁtlul hi &E%ﬁ%ﬁ%p%%cﬁqlc 1@1116%0}’16} WMy A ter the

precipitate was dried in a vacuum as suc a polyner aving a structure

r epres eqnfded dRypviifeof304 L, %anl&x{l&r tmt'llxcﬁlcé prkipiagoRAhah eQipitiemye! ght average
nol ecul ar wei ght of the polyner relative to polystyrene st andards was

nmeasur eghtaiagdiwhh glterel asutiasd wei @Rtuma s Pt hrd@hibe: @a@&@cd}r{lmmu&ﬁ ormul a
121 In the formula (12) shown above, a is 0.9, and b is 0. 1.

as such, a polymer having a structure represented by the following formula (9) was

obtained. The weight average molecular weight of the polymer relative to polystyrene

standards was measured, and the molecular weight was found to be 7,800.

10 [Formula 9]

i
G,
CFy F
OH O
FyC HO

In the formula (9) shown above, a is 0.9, and b is 0.1.

(Polymer Synthesis Example 2)

10 g of 2-methylacrylic acid 1-(carboxydifluoromethyl)propyl ester (2,2-difluoro-
15 3«(methacryloyloxy)pentanoic acid), which is the compound represented by formula [A]
in the reaction scheme (1), and 113 g of 2-methylacrylic acid 2-(3,3,3-trifluoro-2-hydroxy-
1,1,2-tris(trifluoromethyl)propoxy)ethy! ester were dissolved in 255 g of 1,4-dioxane, and
then the solution was introduced into a jacketed reactor together with 5.5 g of DMAR
(dimethylazobisbutyronitrile) as a polymerization initiator. The mixture was stirred, and

20 thus areaction liquid was prepared.



(Conparative Polynmer Synthesis Exanple 1 73 g of 2-nethylacrylic acid
1-cycl ohexyl-4,4,4-trifluoro-3-hydroxy-3- trifluoronethyl butyl ester and

4.9 g of vinylsulfonic acid were dissolved in 234 g of 1,4- 2 0di oxane, and
then the solution was introduced into a jacketed reactor together with 5.5

g of - 28 - DMAB (dinethylazobisbutyronitrile) as a polynerization
initiator. The m xture was stirred, and thus a reaction |liquid was
pr epar ed. The tenperature of -.an _agitator was set to 65C, and the

tenperature was slowy raised. Subsequently, the reaction liquid was pl aced
in the agitator, and the reaction liquid 5Swas all owed to react under
stirring at

th i f h id
compl et od. i PRREERERO] TR e Saﬁdéﬁgﬁﬁl}%t@@%@%ﬁ? AN E R
d d ta bt ed ) d d
ur g RIS, RUGBLLAy, B0%RuBl REUR W bfach Qg B BUOT B sl i6 0o,
POl yer i Ao SLLUGLIE 84/ 8012860 63ty the fol Towi ng formila (13) uas

100bt ai ned ul ar melght of the polymer relative to

pol ystyrene gf,andar, ga%um%{ %Q§#ﬁgg’hg§@%§s %nff?ét%: AL, ML 9 ud‘%&s found to

be 7,800 g/nmol. [Fornula 1 ormu SWn - ab e, ais 0.9,

and Eb | §ddd Jdiop]o@&%@el_r bIBMEx X3 RdBce FIREIRLION aRf a'b?e%lp?t‘éue%&l(ﬂﬁjilhé/@ film

and analysis o
was filter ed and dried in a vacuum. After the precipitate was dried in a vacuum as such, a

polymer having a structure represented by the following formula (10) was obtained. The
weight average molecular weight of the polymer relative to polystyrene standards was
measured, and the molecular weight was found to be 7,500.

10 [Formula 10]

In the formula (10) shown above, ais 0.9, and bis 0.1,

(Polymer Synthesis Example 3)

5 g of 2-methylacrylic acid 1-(carboxydifluoromethyl)propyl ester (2,2-difluoro-3-
15  (methacryloyloxy)pentanoic acid), which is the compound represented by formula [A] in
the reaction scheme (1), and 70 g of acrylic acid 5-(3,3,3-trifluoro-2-hydroxy-2-

trifluoromethylpropyl)-bicyclo[2.2.1]hept-2-yl ester were dissolved in 255 g of 1,4~



characteristics of protective filmthus produced] (Exanples Ito 4 and
Conparative Exanple 1) As the pol yner conpound for resist protective
filmmaterial, the respective polyners represented by forrmulas (9) to (12)
and formula (13) synthesized in Polymer - 29 - Synthesis Exanples 1 to 4
and Conparative Pol ynmer Synthesis Exanple |were used. 1.0 g of each
of the polyners was dissolved in 25 g of 4-nethyl pentanol, and the solution
was filtered through a 0.2-pn1po|ygr9%yLene filter. Thus, a resist
protective filmmaterial solution was prepared. 5The resist protective film
material solution was spin coated on a silicon substrate, and the substrate
was bak onds at 10QC. a resi protective f hayi ng a

d for 60 se Thus, i S j |
FT m ¢ OB SRORCE GRS Y HERCHPl T HECRUTS BT DY Bor oy B S59 i was
measur ed, . The .si licon substrate wth the resist.protective filmformed
t her eo ng%/%ﬁ ?‘fllﬁlscgaﬁ%o{j H’Hmym“aﬂbﬁ“r)é‘b GEPRIGHI! lm“ﬁ ‘eiﬁe g SnVShser vat i on
was nade: o ‘ 1ge.-iny. Jickness of 10the resist protective film
bef ore %HPQQ%?gﬁﬁggﬁ%?%g?h&ﬁﬁ\imﬁﬁﬁ?ﬁérnDre, the silicon substrate with the

resist protegfd t&ﬂﬁ%{ahlm BPe(i{%FftaE&?%gQ& t%“@é"(?%ﬁ%lﬁﬁ?ﬂpx\dd{ Do &a¢ %lg%l yu Yo aqueous

solution of tetra yl anmmori um hydr ox and an observation was
made, on.tdg &hi JAE his by R TPEE I (U8 afitdid 2 [ nt.
15Furthg%ﬁnre,h%ﬁgﬁiﬁﬁﬁgﬁgggogﬁﬁﬁﬁﬁﬁgpg%§?§¥ﬁg?%F%%%?&&ﬁ?fﬁﬁyﬁ%ﬁ t her eon

was mai {hah RIS tda MR sti@dihd aPB5dc for 9hoRdr € water was dropped on the
protective filmto forma watér droplet. Subsequently, the silicon

substrat e wayhel dehyacibaot a@ reafidn 1ifeidanglcen@letdd) testidieamqalbsiy at e at
whi ch the water droplet began to slide (sliding angle) and the receding
cont actadalad depmesceto felas in-@dxane to induce precipitation, and a precipitate thus obtained
was filtered and dried in a vacuum. After the precipitate was dried in a vacuum as such, a
10 polymer having a structure represented by the following formula (11) was obtained. The

weight average molecular weight of the polymer relative to polystyrene standards was

measured, and the molecular weight was found to be 6,509 g/mol.

[Formula 11]

F
0
FECAZ HO
HO .
CF,
15 In the formula (11) shown above, ais 0.9, and b is 0.1.

{Polymer Synthesis Example 4)

S g of 2-methylacrylic acid 1-(carboxydifluoromethyl)propyl ester (2,2-difluoro-3-
(methacryloyloxy)pentanoic acid), which is the compound represented by formula [A] in

the reaction scheme (1), and 73 g of 2-methylacrylic acid 1-cyclohexyl-4,4,4-trifluoro-3-



2 0The neasurenent results are presented in the followng Table |I. [Fable
1] Resistl protective film - 30 - Exanple 1Fornmula 91.57 0 11 71 Exanple
2 Formula 101.58 0 011 75

- 277 -

hydroxy-3-trifluoromethylbutyl ester were dissolved in 234 g of 1,4-dioxane, and then the
solution was introduced into a jacketed reactor together with 5.5 g of DMAB
(dimethylazobisbutyronitrile) as a polymerization initiator. The mixture was stirred, and
thus a reaction liquid was prepared.

The temperature of an agitator was set to 65°C, and the temperature was slowly

Ut

raised. Subsequently, the reaction liquid was placed in the agitator, and the reaction liquid
was allowed to react under stirring at 65°C for 8 hours.
When the reaction of the reaction liquid was completed, the reaction liquid was
added dropwise to 3.4 L of n-hexane to induce precipitation, and a precipitate thus
10 obtained was filtered and dried in a vacuum. After the precipitate was dried in a vacuum
as such, a polymer having a structure represented by the following formula (12) was
obtained. The weight average molecular weight of the polymer relative to polystyrene

standards was measured, and the molecular weight was found to be 7,359 g/mol.

[lFormula 12]

In the formula (12) shown above, ais 0.9, and b is 0.1.

{(Comparative Polymer Synthesis Example 1)

73 g of 2-methylacrylic acid 1-cyclohexyl-4,4,4-trifluoro-3-hydroxy-3-
trifluoromethylbutyl ester and 4.9 g of vinylsulfonic acid were dissolved in 234 g of 1 4-

20 dioxane, and then the solution was introduced into a jacketed reactor together with 5.5 g of



Example 3 Fornmula 111.54 0 014 76 Exanple 4Fornmula 12 1.57 0 0 1577
Conparative Formula 13 1.56 0 13171 Exanple |

...28_

DMADB (dimethylazobisbutyronitrile) as a polymerization initiator. The mixture was
stirred, and thus a reaction liquid was prepared.

The temperature of an agitator was set to 65°C, and the temperature was slowly
raised. Subsequently, the reaction liquid was placed in the agitator, and the reaction liquid

5  was allowed to react under stirring at 65°C for § hours.

When the reaction of the reaction liquid was completed, the reaction liquid was
added dropwise to 3.4 L of n-hexane to induce precipitation, and a precipitate thus
obtained was filtered and dried in a vacuum. After the precipitate was dried in a vacuum
as such, a polymer having a structure represented by the following formula (13) was

10 obtained. The weight average molecular weight of the polymer relative to polystyrene
standards was measured, and the molecular weight was found to be 7,800 g/mol.

[lFormula 13}
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[n the formula (13) shown above, ais 0.9, and b is 0.1.
15 [Experiment Example: Formation of resist protective film and analysis of
characteristics of protective film thus produced]
(Examples 1 to 4 and Comparative Example 1)
As the polymer compound for resist protective film material, the respective

polymers represented by formulas (9) to (12) and formula (13) synthesized in Polymer



Fromthe results showmn in Table |, it can be seen that the resist
protective films of Exanples 1 to 4 have high water repellency and are not
easily dissolved in water. It can also be seen that the resist protective
films have high alkali solubility and can be conveniently renpoved using an
al kal i devel oper solution at the tinme of devel opnent. S5Furthernore, it can
be seen that although the pol ynmer conpounds of Exanples 1 to 4 (Fornul as
(9) to (12)) have an am no group or_ a4 sul fonam de group introduced at the
pol yner ends, there are al nbost no adverse effects on the sliding angle or

the recedi ng contact angle as conpared with the Conparative Exanple f5 g of
of a

i St - he foll f | 14), 3
Tophot ié&ﬁﬁé%%ﬁ%%é@@% PREp ebonte aﬁwq%@%fve“b?ﬁa S RS g (1 5. 500
t re units is
LTy a0 bhqt dRER %"‘.‘/‘ﬁ’hibg”}"i&?%?]ﬁ’F? e*g%ﬁ@ﬁ%ﬁ%@m REPLRR G <ol vea

in 80 gso?&tuﬂ{ 3?9%/ {' &g 91' i )%a gﬁg;&gﬁmg%g&) gcet@vr éH&SI?H %i&im%ﬂ;&s "

sol uti on was er ed t

sol uti op.ekiapP &9ﬁ9§ §p1nater|als was prepared. 1 5[ Formula 14] - 31
- [Formula 15
5 The resist ploltctlva, {ilm material solution was spin coated on a silicon substrate,

and the substrate was baked for 60 seconds at 100°C. Thus, a resist protective film having
a film thickness of 50 nm was formed, and the refractive index at 193 nm was measured.

The silicon substrate with the resist protective film formed thereon was rinsed with

pure water for 5 minutes, and an observation was made on the change in the thickness of
10 the resist protective film before and after rinsing.

Furthermore, the silicon substrate with the resist protective film formed thereon
was developed with a 2.38 wt% aqueous solution of tetramethylammonium hydroxide
(I'MAH), and an observation was made on the thickness of the resist protective film after
development.

15 Furthermore, the substrate with the resist protective {ilm formed thercon was
maintained horizontal, and 50 pl of pure water was dropped on the protective film to form
a water droplet. Subsequently, the silicon substrate was slowly slanted, and the angle of
the silicon substrate at which the water droplet began to slide (sliding angle) and the

receding contact angle were measured.

20 The measurement results are presented in the following Table |
[Table 1]
Resist Polymer Refractive Change in Film 7 Sliding Receding
protective compound | index at 193 film thickness angle contact
film for resist nm thickness after () angle
protective before and | development ®
film after {nm)
rinsing
(nm) ‘




-0 A bottomanti-reflective film (BARC) having a thickness of 90 nm was
formed on 5a silicon substrate, and the solution of photoresist film
material s prepared as descri bed above was applied on the substrate where
the anti-reflective filmwas fornmed. The substrate was baked for 60 seconds
at 110C, and thus a photoresist filmhaving a thickness of 120 nm was
formed. On this photoresist film each of the resist protective film
materials prepared in Exanples 1 tao 4,and Conparative Exanple 1 was
applied, and 10t he substrate was bakeg for 60 seconds at 100C. Thus, resist
protective filns (Exanples 5 to 8 and Cbnparatlve Exanpl e 2) were
respectlvﬁhmﬂéorTa@”nMag Sub$equentlw) iniorder to|reproduce |ﬂmErS|on
exposurie g hg. § 1 n&mg%ﬁglneuiggter exppsure werge subjected torinsing with

pure wat N Th i-s;-each—of+the-substrates—-was exposed to an
Arf: scaEh%?ﬁC§0-t9TRMﬁﬁ 554RM\ha!f onel-mask)...-..32.: panufattured by
ri

Ni kon Corgemplahd ﬂﬁémgdﬁstraﬂé7was rsed i th%ure wat®r for 57 nutes.
Post-exﬁ@mum@hbakém@ﬁEBﬁ maslpérfornedJafter eXposure, for 60 s®conds at
110C, andixdevel opnment was| carried jout for 60 seconds with al2.38 wt% | MVAII

devel he. qt f
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pure water ‘after

The si | IGO0 SURRE %@&ﬂg@@;@%ﬁ%ﬁﬁ@hamah SRy GABATSon was radte or

the 80-nmL/S pattern s e sensitivit & anmount  of exposure

needed {@berkeRACHOVE AGnd S5 (h'ltl H@vﬂ:léﬂm SuiA /iR @he 47 detBpnRQli ned as the

sensitivity. The neasurenent [ Tab
5 Furthermore, it can be seen that allhoug,h the polymer compounds of Examples 1 to

4 (Formulas (9) to (12)) have an amino group or a sulfonamide group introduced at the
polymer ends, there are almost no adverse effects on the sliding angle or the receding
contact angle as compared with the Comparative Example.
5 g of a resist polymer represented by the following formula (14), 0.31 g of'a

10 photoacid generator represented by the following formula (15) (Mw: 8,500 g/mol,
Mw/Mn: 1.75, the molar ratio of the respective repeating units is 1:1:1:1), and 0.07 g of an
inhibitor (triisopropanol amine) were dissolved in 80 g of propylene glycol monoethyl
ether acetate (PGMEA), and the solution was filtered through a 0.2-pum polypropylene
filter. Thus, a solution of photoresist film materials was prepared.

15 [Formula 14]



results are presented 2] Resist protective filmin the follow ng | Polyner
for resist protective filmTable 2. Sensitivity (nJ/cm) 180-nmpattern
shape Exanple 5 Formula 9 25Rectangul ar shape Exanple 6 Forrmula 10 24

[Formula 15]

O
ﬂms* ob—cr
5—CF.CF,CF,CFy
= L
]

A bottom anti-reflective film (BARC) having a thickness of 90 nm was formed on

a silicon substrate, and the solution of photoresist film materials prepared as described

(&1

above was applied on the substrate where the anti-reflective film was formed. The

substrate was baked for 60 seconds at 110°C, and thus a photoresist film having a

thickness of 120 nm was formed. On this photoresist {ilm, each of the resist protective

film materials prepared in Examples 1 to 4 and Comparative Example 1 was applied, and
10 the substrate was baked for 60 seconds at 100°C. Thus, resist protective films (Examples

5 to 8 and Comparative Example 2) were respectively formed.

Subsequently, in order to reproduce immersion exposure, the films obtained afler
exposure were subjected to rinsing with pure water for 5 minutes. That is, each of the

substrates was exposed to an ArF scanner, 306C (NA = 0.78, 6% halftone mask)



Rect angul ar shape Exanple 7 Formula 11 25 Rectangul ar shape Exanple 8
Formul a 1226Rect angul ar shape Conparative Exanple 2 Fornmula 13 25
Fi | mdi m ni shing shape ConparativeNo protective film

- 32 _

manufactured by Nikon Corp., and the substrate was rinsed with pure water for 5 minutes.
Post-exposure bake (PEB) was performed after exposure, for 60 seconds at 110°C, and
development was carried out for 60 seconds with a 2.38 wi% TMAH developer solution.
On the other hand, a process of performing exposure, rinsing with pure water, PEB,
5  and development without forming a resist protective {ilm, and a conventional process of
omitting the rinsing with pure water after exposure were also carried out (Comparative
Example 3).
The silicon substrates thus produced were cut, and a comparison was made on the
80-am L/S pattern shape and the sensitivity. The amount of exposure needed for
10 performing resolution of 80-nm L/S at 1:1 was defined as the sensitivity. The

measurement results are presented in the following Table 2.

{Table 2]
© Resist ;erlgotcciive o ”I.)olymer for resist | Sensitivity (nﬂﬁmﬁ 80-nm paiterﬁ :§hape
flm | protectivefilm | BN
Eﬁéinple 5 Formula 9 25 e Rectangular shape
E:Qa__iﬁpie ) Formula 10 : 24 o Rectangular shapew
Exainple 7 Formula 11 25 - Rectangular shape' )
F*{ample 8 Formula 12 26 Rectangular shapem
COlﬁrp'é-t.'-aiive Formula 13 25 ) Film-diminishing
L Example2 S shape ..
“ Compaldtivc No protective film 28 T-top shape
. Example 3

From the results of Table 2, when the substrate without a protective film was rinsed
15 with pure water after exposure as in the case of Comparative Example 3, the pattern shape
became a T-top shape. This is thought to be because the acid generated was dissolved in
water. Furthermore, in the case of Comparative Example 2, a film-diminishing shape was
exhibited, but in the case of Examples 5 and 6, there was no change in the shape.

As such, preferred embodiments of the present invention have been described in



28 T-top shape Exanple 3 Fromthe results of Table 2, when the substrate
W thout a protective filmwas rinsed 15with pure water after exposure as in
the case of Conparative Exanple 3, the pattern shape becane a T-top shape.
This is thought to be because the acid generated was dissolved in water.
Furthernore, in the case of Conparative Exanple 2, a fil mdimnishing shape
was exhi bited, but in the case of Exanples 5 and 6, there was no change in
t he shape. As such, preferred enbodi nents of the present invention have
been described in - 33 - detail, but the scope of the present invention is
not intended to be limted thereto, and various nodifications and

[ ) t de b : di il illed ' th
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ydrogen atom "a

are also included in the scope of the present invention.



hal ogen atom an al kyl group having Ito 8 carbon atons, and a hal ogenat ed
al kyl group having | to 5 carbon atons; 121 represents any one
selected fromthe group consisting of an al kyl group, a heteroal kyl group,
an aryl group, a heteroaryl group, a cycloal kyl group, a 10heterocycl oal kyl
group, an al kyl ether group, and an al kyl carbonyl group; R)
represents any one selected fromthe group consisting of a hydrogen atom
and an al kyl group having | to 5 carbgn _atons; and Q and @ each

i ndependently represent any one selected fromthe group consisting of a
hydrogen atom and a hal ogen atom 15 2. A copolyner conprising a
repeating unit represented by the %ﬂbhg&éng formula (lI-a): [Fornmula 1-a] -
35 - 0@ ,c0R :

1. A compound represented by the following formula (1):

[Formula 1]

5  wherein Ry represents any one selected from the group consisting of a hydrogen atom, a
halogen atom, an alkyl group having 1to 8 carbon atoms, and a halogenated alkyl group
having 1 to 5 carbon atoms;

Ry represents any one selected from the group consisting of an alkyl group, a
heteroalkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a
10 heterocycloalkyl group, an alkyl ether group, and an alkylcarbonyl group;
Rz represents any one selected from the group consisting of a hydrogen atom and
an alkyl group having 1 to 5 carbon atoms; and
Q1 and Qy each independently represent any one selected from the group consisting

of a hydrogen atom and a halogen atom,

2. A copolymer comprising a repeating unit represented by the following formula

(1-a):

[Formula 1-a]



wherein R11, R21 and R22 each independently represent any one sel ected from
the group consisting of a hydrogen atom a hal ogen atom an al kyl group
having 1 to 8 carbon atons, and a hal ogenated al kyl group haying 1 to 5
carbon atons; 5RI represents any one selected fromthe group consisting of
an al kyl group, a heteroal kyl group, an aryl group, a heteroaryl group, a
cycl oal kyl group, a heterocycl oal kyl group, an al kyl ether group, and an

al kyl car bonyl group; | Z2 represents any one selected fromthe group
consi sting of a hydrogen atom and an ‘al kyl group having 1 to 5 carbon
atons; and 10QL and @ each independently represent any one selected from
the group consisting of a hydrogen atom and a hal ogen atom 3. The
copol yner & c%rdintho cllaim 2, further conprising a repeating unit

contai nin ctjyoral droup represented by the follow ng formula (2):

15[ Formul a 11 Iin - 36 - wherein R3 and R4 each independently
represent anyFRope ected fromthe group consisting of a hydrogen atom an
al kyl group havingy1l to 10 carbon atoms, and a hal ogenated al kyl group
having 1 to 10 car at ons; any one selected fromthe group
consisting of B3~ R4 and a combination thereof is a 5hal ogenated al kyl
group; and n r@gr en&f an integer froml to 6.

O

v
R
wherein R;j, Ry and R;; each independently represent any one selected from the group
consisting of a hydrogen atom, a halogen atom, an alkyl group having I to 8 carbon atoms,
and a halogenated alkyl group having 1 to 5 carbon atoms;

5 Ry represents any one selected from the group consisting of an alkyl group, a
heteroalkyl group, an aryl group, a heteroaryl group, a cycloalkyl group, a
heterocycloalkyl group, an alkyl ether group, and an alkylcarbonyl group;

R; represents any one selected from the group consisting of a hydrogen atom and
an alkyl group having 1 to 5 carbon atoms; and
10 Qi and Q; each independently represent any one selected from the group consisting

of a hydrogen atom and a halogen atom.

3. The copolymer according to claim 2, further comprising a repeating unit
containing a functional group represented by the following formula (2):

15 [Formula 2]

3

R
i

4



4. The copol ynmer according to claim3, wherein the repeating unit
containing a functional group represented by the formula (2) is a
repeating unit represented by the 10following forrmula (3-a): [Formula 3-aj
wherein R12, R23 and R24 each independently represent any one sel ected from
the group consisting of a hydrogen atom a hal ogen atom an al kyl group
having 1 to 8 carbon atons, 15and a hal ogenated al kyl group having 1 to 5
carbon atons; R3 and R4 each Ln@&pqndently represent any one sel ected
fromthe group consisting of a hydrogen atom an al kyl group having 1 to 10
carbon atons, and a hal ogenated al kyl group having 1 to 10 carbon atons;

| d m t he, gro consi sting of , and a conbi nation
?Rgrggfvﬁgmﬁghga%gﬁfmw 5%@8@ '1@HF%¥%§V“6§6QSFSB GE%BF@g%HF§pa dixalent
hyd bon.group; and n represents an integer from1l to 6. 55. The
cgpgﬁ§ﬁ%?mﬁ%%5pgFﬁﬁﬁpgukfﬁfﬁ?%?ﬁﬁhan?HM?W%gﬁéﬁi&PE%ﬁdﬂﬂ§fmﬂ@presented by
the formul.a, [l 3- hs.a. hepeating.uni;t represented by any one selected from
thg 9305%0@3%§¥§%$%3“%?lﬁﬁgiﬂ&fﬁgﬁfﬁﬁnfgfﬁﬁla (4-a), formula (5-a), formula
(6-a), for mjéuﬁf cﬁ}%'s@l)ecte@ﬂgnﬂ%g%l'(ﬂlﬁtclogsrﬁir}gbq{ I%?fii; di[K!: 9 E&Hiaiﬁatﬁ)_n ‘l} 1'(?(% ig'e{l a 5-a

5 halogenated alkyl group; and

n represents an integer from 1 to 6.

4. The copolymer according to claim 3, wherein the repeating unit containing a
functional group represented by the formula (2) is a repeating unit represented by the
10 following formula (3-a):

[Formula 3-a]

r{ﬂ?za Ri2 '
R
Ray o

O

\ Ry
R OH
Ry

i

wherein Rz, Ry; and Ry4 each independently represent any one selected from the group
consisting of a hydrogen atom, a halogen atom, an alky! group having 1 to § carbon atoms,
15  and a halogenated alkyl group having 1 to 5 carbon atoms;
R; and R4 each independently represent any one selected from the group consisting
ol'a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, and a halogenated alkyl
group having 1 to 10 carbon atoms;

any one selected from the group consisting of R3, R4 and a combination thereof is a



cl0 0 'K) F3C F3C CF3 F3C OH [Formula 6-a][Fornmula 7-a] - 38 -

6. The copol yner according to claim4, wherein the nolar proportion m of
the repeating unit represented by the fornmula (1-a) is 0.01 mO0.6, the

nol ar proportion | of 5the repeating unit represented by the fornula (3-a)
is 0.40.99, and the sumof mand 1 is 1.

_3'7_

halogenated alkyl group;
Rs represents a divalent hydrocarbon group; and

n represents an integer from 1 to 6.

5 5. The copolymer according to claim 4, wherein the repeating unit represented by
the formula {3-a] is a repeating unit represented by any one selected from the group
consisting of the following formula (4-a), formula (5-a), formula (6-a), formula (7-a), and
combinations thereof’

[Formula 4-a} [Formula 5-a]

g CFs F,C O
10

{Formula 6-a] [Formula 7-a]



7. The copol ynmer according to claim?2, wherein the copol ynmer has a wei ght
average nol ecul ar wei ght as neasured by gel perneation chromatography of
1,000 to 10500, 000 g/ nol . 8. Aresist protective filmconposition
conprising the copol yner according to any one of clainms 2 to 7. 159. The
resist protective filmconposition according to claim8, further conprising
an al cohol solvent having 4 to 8 carbon atons.

o

0
s
Pk
FiC
. .
HO FaC CF4
CF, HO

6. The copolymer according to claim 4, wherein the molar proportion m of the
repeating unit represented by the formula (1-2) is 0.01 < m £ 0.6, the molar proportion | of

the repeating unit represented by the formula (3-a) is 0.4 <1< 0.99, and the sum of m and

(&7

Fish.

7. The copolymer according to claim 2, wherein the copolymer has a weight
average molecular weight as measured by gel permeation chromatography of 1,000 to

10 500,000 g/mol.

8. A resist protective film composition comprising the copolymer according to any

one of claims 2 to 7.

15 9. The resist protective film composition according fo claim 8, further comprising

an alcohol solvent having 4 to 8 carbon atoms.



