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DESCRI PTI ON COPOLYMER AND TOP COATI NG COWPCSI TION 5
TECHNI CAL FI ELD The present invention relates to a
novel copolynmer and a top coating conposition on a
photoresist filmin which the copolynmer is used. In
particular, the present invention relates to a top
coating conposition for liquid inmrersion useful for
forming a top coat WDRESRIGHEMN s a photoresist film
during i mersion |lithography for mniaturizing 10

l'i thography and protects the lens of a projection

exposure deV|ce rojection aligner) essi ng

el ution Y%éﬁéﬁéﬂj g§3 5%@*9 8 pol ymer

used in the conp05|t|on BACKGROUND ART 15 In the

manuf acture of sem conductor devices and the |like, a

St st ep-and-scan projection aligner has been
1Txg@gﬁgkg%%%¥ﬁh a pattern of a reticle (photonask) is

sferred onto g ch shot a,waf er
W [t egreﬁattla}wé@oefe i wg%w&?%%&?%%ﬁf 334 83t it eSposiion

ction

on 4 g&o&eﬁ sﬁ}&vluagza hﬁﬂe %Oé)o&;%ejr & ﬁ%rgoj Iglpagﬁg ar r%é&bpresent invention
reia%eﬁ gcg ? %ﬁ)esoaﬁr?gt %J]ﬁpo%ﬁ%%sfb‘{ ﬁq%‘frﬁb%ﬂ%nnfs%ﬁx? gorqg&? UE3 top coat

neri cal *aper o] 8ct

wma{)% gge%#seasﬁttﬁﬁgei ﬁr{ﬁﬁ‘ ndi ﬂ%eggl%n g\g@gﬁéﬁ FUH n‘i Pﬁtunzmg
11th6g‘ri‘%5h§rtan8gjré’é&gtﬂe%ﬁshﬁ gfr%le@t%d QRodlrk GRREe @@oﬁe&%@llagner} by

long wth scali’ng down of integrated

sup;ﬁJegseig ASAHEA phbYor¥ SR comPBbnt N endBEI RImRREED MltRe Of
the projection optical systemhas also been

Conmegﬁe@sed 25 In addition to the resolution, the depth
of focus is also inportant for exposure. The
resolution R and the depth of focus S are respectively
shown by the following formulas. R=kl X/ NA (i) S

BAGKKROUNNARRTi i) wherein X is the exposure wavel ength,
NA is the nunerical aperture of the projection
optlnddle mysufntuend semmnddiketoardevpes aasisthe like, a stepping
coefficients. Wen obtalnlng the sane 5 resolution R

or shep-angescatiapropectionf dignerdiashbent asetbn whidsh mgttern of a

radjation with a shorter wavelength. A photoresi st

retigle dﬂhoi%oméﬁkr)e@ t@ﬁnﬁﬂaélesiﬂm@@cwh@ﬁ regeBLuY @ Wapgerated

) ,, and t ttern is transferred to the

mtﬁ'ar?o?%?t@ﬁ%@t thioweh P EPIRGHRIE AR e SHIB; ect i on

al I'I%ré?’gsolutlon of the projection optical system provided in the projection aligner
increases as the exposure wavelength used becomes shorter and the numerical aperture of
the projection optical system becomes greater. Therefore, the exposure wavelength
which is a wavelength of radiation used in the projection aligner has been reduced along
with scaling down of integrated circuits vear by year, and the numerical aperture of the
projection optical system has also been increased.

In addition to the resolution, the depth of focus is also important for exposure.

The resolution R and the depth of focus & are respectively shown by the following

formulas.
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space in which the wafer is placed is filled with air
or nitrogen. Wen the space 10 between the wafer and
the lens of the projection aligner is filled with a
medi um having a refractive index of n, the resolution
R and the depth of focus S are shown by the follow ng
formulas. R=1 (Xn)/NA (iii) S =k2 nA/ NA2 (iv)
15 RFeklexawpl e, when (@sing water as the above nedium
in the ArF process, since water has a refractive
i ndexkh ROVA1 i ght wi t)a wavel ength of 193 nmof 1.44,
the resolution Ris 69.4% (R = kI (X/ 1.44)/NA) and the
whedept.hs thee ekpause wavelehth, (BA & thik Burbeierp apduaRg olthe phgection
val ues during exposure using air or _nitrogen as the
optipgd dVHem, BEdH adZareptocey: cesipsisiise YeianadainngMeactimehe
mayelenqth of exposure radiation 20 is reduced to
resofytigndy, drlargeindnpeh of fratsed [sedtadned bysusity Tegigtian e sapiser
| j thography. The inmmersion |ithography is considered
wavgign Eg an essenti al technology for lithography with

ol Rl e e R D
| f th t [ tent .

pat BT o BT ﬁ%'ﬁ%flaﬁn‘f% G Py S gisner,the
h F @S | f

oo RS bl DFRRL Be O 5 0 SRS BEE

Iojec ner pect | veI
et %%@é%é@%%%wzﬁzsﬁg&'ﬂa s

refraﬁkfsf?rfb‘eﬁ offhemp 'P&E)Rﬁl%ﬁ 'Rséndfthé g&aﬁﬂ df F&Qyﬁﬁﬁe shbiif by the

ot oresi st’ resol ution. tion e compon nts
fbmﬁﬁﬁgmﬂgnnﬁﬁ phot or esi st naybe eluted into the water
and may pollute the surface of the |ens of the

prqlqulgungngner awﬁ nmet hod of formng a top coat
on the photoresist filmin order to shut-off the

phat-okeshmNALi | m frontiy medi um such as water has been
proposed. Such a top coat nmust possess sufficient
t r &os pkdrhE e oehdnaistdzewatevasl teagiidve ofediad irathie daF prarsss, biece
formed on the photoresist filmwthout causing

waténitae rmefiicige widek nitheligtiotitraewnedengih of 1%uwn ofrbifhitaén a
stable filmwhich is not eluted into the medi umduring

resofutiverRs is1?. 4% (R ode la@hl 44 )Ag) andsthe dmh@éﬁquyisdﬂé%(&re | n
an al kaline solutjon used as a develoE Mor eover ,

k2 Ry b@éh@h@@eﬁwmg%mwfww HEP! o ryg@mﬁ th%mﬁélﬁm
musyt Ee used as a hd j mrersion resis ? : -y
or d¥F ﬂaf%‘?%‘\‘?P&‘ép%SHW%I puyeich theravglepgig o Efg%oswarradlaﬂon

is reld{lge%l to transfer a more minute pattern is called a immersion lithography. The
immersion lithography is considered to be an essential technology for lithography with
reduced dimensions, particularly for lithography with dimensions of several ten
nanometers. A projection aligner used for the method is known (see Patent Document
.

In the immersion lithography, a photoresist film applied and formed
on a wafer and the lens of the projection aligner respectively come into

contact with a medium with a refractive index n. If water is used as a
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i mrersion that can protect the resist filmfrom an
imrersion liquid without degrading its performnce
originally designed for use under dry conditions is
necessary. 15 [Patent Docunment 1] JP-A-11-176727
DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY
THE | NVENTI ON The present invention has been achi eved
medilnD oL eximphes coaelk inshy pbimeaty €@nrd pladtdres26: Hinvindesdaces
top coating resin conposition and a copol ymer used for
the phet@esposbidlatiohhain adaitiex hiblei donsufrfents éntning the
transmttance to the exposure wavel ength, particularly
photoresist @h & he lelwfedigBo time FAtE) and amappobpid ihedsworiae of the
photoresist filmwthout causing intermxing with the
lenpbidther pejattion dpgnexan maintain a stable filmuwhich is
not eluted into the nedi um during inmersion
| i thiogthap Ry forews 3 ipreeaksen e pesiossisifiton ingorder tershairoff He
25 ed does not inpair pattern profiles during

phowéﬁgm fiofbe Mediver BICBAS Mt Jgt BRsHPFOPOsahd Se%aﬁfé)coaymust
pos SO YIS TPRUBLES (T8 COiRINY LB OF s e Safted on The

} I
photgBeGe L %Hﬁaﬁ%ﬁée%%ﬁsn%%%é’vlﬂﬁ%ﬁaﬁ%t‘ﬁ?eéisF mrrwsa&%mw a
f,ol.| f
s SRR R AR L S R 3 o
easi%oc{isrg%iv% ingx(l %Pk’alu‘fflenéjoh?tlonel%%a é%??\;@ hav' ng a carboxyl

P, recurring aV|ng a sulfo

B 8 O B  EH c

hund%‘rﬁ’nQé?s;QQ Qes:s?as & Ra d}"h'ler“fo:proxﬂﬂ: 5%@3%815%%11(’113 to(pQC)oat f%@ liquid

wherein R2 in the fornula (1) individually

1mrrfe?s%r?ﬁﬁf‘éan&br&%@trt&g&@lstaﬁl@rm‘roﬁxrhnafn'ﬁyelrsmig QUP uh@%bﬂgagilad‘ir% r its
carbon atons, or a fluoroal kyl group having I to

perf@ﬁﬁzﬁﬁ@ oALREBY de@g&dlfdﬁﬁketdﬂa&r @l cbRiisbnsane@bsaly. and R2
is a fluoroal kyl group having 1 to 4 carbon atons,

angpRdntiModublenf D iPUha 1¢ 2)p728pr esents a fl uoroal ky

group having I to 20 carbon atons. 15 In the above

copol ymer of the present invention, the nonomer

produci ng t he
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

The present invention has been achieved in order to accomplish this object and

provides a top coating resin composition and a copolymer used for the composition that
can exhibit sufficient transmittance to the exposure wavelength, particularly a
wavelength of 193 nm (ArF), can be applied on a photoresist film without causing
intermixing with the photoresist film, can maintain a stable film which is not eluted into
the medium during immersion lithography, can increase adhesion with a wafer at the

edges, does not impair pattern profiles during dry exposure {(not immersion lithography),

and can be easily dissolved in an alkaline developer.
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recurring unit (I1) having a sulfo group is a conpound
shown by the following formula (3), R CH2=C A (3) B
SBH it 4 wherein Rrepresents a hydrogen atom a
met hyl group, a hydroxynethyl group, or a
trifluoronmethyl group, A represents a single bond, a
carbonyl group, a carbonyl oxy group, an oxy carbonyl
MEANOFDR 80UVENGEHEPRUBLEMSI ngl e bond or a dival ent
organic group having Ito 20 carbon atons. 5 The top
coghé BeptRipasithd pisat itveatir @seiised Mmient brecsriag unit (1)
conposition to be applied to a photoresist filmfor
seledted fromgh@gioup cossiMingroddiraturomn: andhadnpr poe showeby the
di ssol vabl e in a devel oper dissolved in a sol vent
follomang Eirmuiag( 13 avenohygniit haticghgreupAhdwn bl ¢he dpwirgsfotrhga
copol yner of the present invention. 10 EFFECT OF THE
(2), aNVENTIONE This hevipglayoahoxpk grohe apd esecrwrllilmwhﬂi)dﬁvmg a sulfo
conprises at | east one recurring unit sel ect ed
groupr o hadse wrighipveress mstdchlgr vright g@éf@iﬂfl@ @y gelipermepling a
group shown by the above-nentioned fornmula (1), a
Ch@ﬂ@é&ﬁﬂﬂﬂg*@ﬁxpt%éQ@ﬂ@oa group shown by the
above-nentioned formula (2), and a recurring unit
havi ng a carboxyl group, and a 15 recurring unit (11)
having a sulfo group. The copolyner is dissolvable in
a solven contalnlqg a nmonohydric al cohol as well as
I n ap:al kalgne develngper. Because the conposition for
form ng the top coatj of the present invention
conpri sesHa copol gms=pesi n di ssol vable in a devel oper
di ssolved in a solvdnt contai ning a nonohydric
al cohol, the conposﬂilon can be easily applied to a
photoreqist film Thg 20 top coat can protect a |lens
and a resist and can'forma resist pattern excelling
in resolution, developability, and the like in
I mrer si on Iithography, particularly in inmersion
l'i t hography using water as a medium The conposition
whefRNRALGPRDE: tHE Etmiulh @ ) GhicividRdGEpriesenoinglroged ateibti o hlkyl
not used for exposure. In addltlon t he conposition
groupdiavingddiaciecagbdnaforaqal affluordallgl gd)wpﬂmmgl lan 4tdagton atoms,

provided that at least one of R! and R? is a fluoroalkyl group having 1 to 4 carbon atoms,
and R* in the formula (2) represents a fluoroalkyl group having 1 to 20 carbon atoms.
In the above copolymer of the present invention, the monomer producing the

recurring unit (I1) having a sulfo group is a compound shown by the following formula

(),

CH,==

A (3

SO;H
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25 can protect a resist filmoriginally designed for

use under dry conditions froman imersion liquid

wi t hout degradi ng the performance of the resist film

Therefore, the conposition can be extrenely suitably

used for manufacturing 5 sem conductor devices, which

are expected to becone nore and nore mnute. BEST
wheMabR rE¥8s SRR I dpdtorh HEmeHYENTUPN: ﬂ'ﬁﬁoi)&Sdth}ri group, or a

constituting the top coating conposition of the
triflipsromertly] Livp A tpneseas a shiglcoliondaa cadbmyigraipabkabomylaxy

medi um such as water during exposure to radiation in
groipmarosy carbdiv bogpapiyB acmpteseatsdi stggdd bakl @ a4 divalbe organic

devel oper for formng resist patterns. "A coating
growgtimbing I 0 20 emetiniaterssuich as wat er during exposure to

radi ation" indicates a coating _in which the film

t hiTdikefs soatiha ngepoieon ol present fiyveatian g qomppsition to be

eval uati on nethod in water nentioned |ater, for
applesdatay rélotqrgsm Smipr @rmngrPagesns by raEatian andicopRrises 4 fesin

t hi ckness. "D ssol va %Je in_the devel oper after forn1n
dissplyablgin pEeYsPnes dissqlne ik Sé’évephéo%%‘ﬁlﬁé RO riGalp gLy ind

in which a top g?t made fromthe resin can be renoved
theﬁ?@H%ﬁF‘Pé%WPﬁbo e BESHRIANGHUPRe resi st pattern when

visually inspected after devel opnent using an

al kal i ne aqueous solution. That is, the resin of the

IR Oh I PELENI N o et a such as water. bt

%'c}sﬁg {n@r &Pthégfegéhq{l\@ﬁo@gmgsﬂ&s %Pieggt'oﬂ@r&ummm a0

deve op usi ng I'ne aqueous sol ution

sele&fé GOW ﬁle%?%l{p%hﬁgtlfgq%faaﬁ%%nﬁg Ahit %@lﬁ e Bbm%? the

ali-sol e resi prevents a p otor sist fil
abotd- %hﬁéx{ee%ﬂnym& oIyl Dgkclifti FiRHad Arblp ShoRdiye Suc 4

as water during i'hmersion |ithography, prevénts

abo@ehRhiigeattb@uIf(2)] dddwatarin nRekliaL ARAGERxAf rbiye and a
photoresist film'20 due to penetratlon of the medi um

recudfifl REO{IEHaSinghesulfeso. The cpsadyeatis aRsabitdaara foleom
bei ng polluted with conponents eluted fromthe

confalidis ewinskydriclatdohdhes weltaw inianglahing dédejopef. t he
copol ymer of the present invention is expressed by a
r e@acaiseghaicimpdsaionigr ®rgingupe siposwat dhthe heesénd imaghtaon
(1), a recurring unit haV|ng a grou shown by the
comiposerd eoppRimer résen diemlivablmig adveloherdissglvad dap beIxgit containing
group, a recurring unit 25 having all of these
a meraweri¢ Algoleli the compositiorenir e sagiuwich in/d Abptareyist g  The
recurring unjts anong these recurring units. In the
top £RAE GHT RTREFCUNICES 30 TRYSIANG FRLIS TR RIS Wt%rﬁ &x¢elling ip gesolution,

dev%lgpq%l?ﬁazten)éigphgeswgg}%ﬂgse@p ggbylgl;a@khgﬂra?tgcﬁj r@’m H%g\éﬁ%gn 4
lith(?gMp%’USlﬂg water as a medium.

The composition can also be used in a dry method in which a liquid is not used for
exposure. In addition, the composition can produce a top coat for liquid immersion that
can protect a resist film originally designed for use under dry conditions from an
immersion liquid without degrading the performance of the resist film.

Therefore, the composition can be extremely suitably used for manufacturing
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butyl group can be given; and as exanples of the
fluoroal kyl group having 1 to 4 carbon atons, a
di fl uoro nmet hyl group, perfluoronethyl group,
2, 2-di fl uoroethyl group, 2,2,2-trifluoroethyl group,
perfl uoroethyl group, 2,2,3,3-tetrafl uoropropyl group,
5 perfluoroet hyl net hyl group, perfl uoropropyl group,
semioAdidteh dbviteflexail aakepictad todecaife mopedrdl riereabiuiityl
group, 1,1- dlnethyl 2,2,3,3-tetrafl uoropropyl group,
and the I|ke can be given. O these groups, the
perfl uoronethyl group is preferable. The recurring
BEJIhMORA¥ORgC ARRYJNGUQ UIHOWE INYENIEODNor nul a (1) has an
al coholic 10 hydroxyl group on the side chain and the
al dkotdic cdnstdiutmyg thaop gpatogricaipesitian of dwgresentgnvention can
fluoroal kyl group at |least on the a-position and
fornc aus@mgtsked ciormpoeddmisucleshivitier deraisdixpgsure i adiadguebus
sol ution, because the hydrogen atomis easily
immergenbithageahy awhisdieolvable shbidevelgrr deyforgmeupsidpatieids.
el ectron-attracting propertles of , the fluoroalk
gr odhroatipgstable in amegiun pichss pratel slug e SXRASUIGHS Gisliat gy

InCiFHH6Th (SRBS P B eh BB e Sy ar e B EmEsRA ) tad B e
h h he f
ool B PR R R D G510 A0 s B
L F
lnltl%%&lé ven Egalts%oévabem%e f'or?e %'i%:erq’or%_fng re% séjjgtte(résa’

sane as

mdlﬁ:ﬁgsr fe gfbg%rtgg oPIH3 éﬁal ncqhuantgp Bt a%%%ﬂ th@ ré%'ny n%tr[:moved

on group. ocar bon groups and cyc

w1tfﬁ>¥|gfeg'9xﬂ oL Al UHPfe ?f,rs%t E&F‘efér? LARY @13@%95]}6@@d q{’t&a&e@r@fopment

droca bon group. rabl e ex les of R4,

usmﬁaatnlé'ﬂéﬂlﬁg ahﬁé&ﬁ?ﬁolﬁ‘ﬁf&f 0 qﬁﬁth@ NhPFRRT tﬁ@ft@séﬁ? 1r@ex§lon is an
iret hyl ené group, ethyl ene group, propylene group

alkafilsoBrops RRYVERIEh BY RbRely Hisdolved @PMbeA SuclgdsOMAdr, but dissolved in
t et ramet hyl ene group, pentanet hyl ene group,

an al@Xaseiilh e Reu@sodRing Repbpmehtisdmgrnae gikelite, aqueous solution
oct armet hyl ene group, nonanet hyl ene group,
aftefl @ik iy taiiion.

A top coat made from such an alkali-soluble resin can prevents a photoresist film
from directly coming into contact with a medium such as water during immersion
lithography, prevents deterioration of lithographic performance of the photoresist film
due to penetration of the medium, and protects the lens of the projection aligner from
being polluted with components eluted from the photoresist film,

The recurring unit (I) of the copolymer of the present invention is expressed by a
recurring unit having a group shown by the formula (1), a recurring unit having a group
shown by the formula (2), the recurring unit having a carboxyl group, a recurring unit
having all of these recurring units, or a recurring unit having any two recurring units

among these recurring units.

In the recurring unit having a group shown by the formula (1), as examples of the

6
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group, undecanet hyl ene group, dodecanethyl ene group,
tri decanet hyl ene group, tetradecanethyl ene group,
pent adecanet hyl ene group, hexadecanet hyl ene group, 10
hept adecanet hyl ene group, octadecanet hyl ene group,
nonadecanet hyl ene group, icosylene group,
1- et hyl - 1, 3- propyl ene group, 2-nethyl-1, 3-propyl ene
alkyggﬂ)\le,havi%% eb ydarbbnZe@h Rth&RE g6 @) Rihy! group, propyl group, and
1-met hyl - 1, 4- butyl ene group, 2-nethyl-1, 4-butyl ene
butyd &P, calfBE Bileh daRieas @k omiples of thy Ifiuderutkyd bawp,having 1 to 4 carbon
propyl i dene group, and 2-propylidene group;
atoni®) A diiadrd enckiyd pocar beflugooefis] stuel, 28-dfairoshf\drere
groups having 3 to 10 15 carbon atons such as
2,2, 2ydflabrotthylemeum petfpordethyd graupl?.3:3c3 tlteButrpbepgl goopp) |,
cycl opentyl ene groups (e.g. a 1, 3-cycl opentyl ene
perfipooesthyimethy| giverytesteorgpronpseroen, §.2,43.4.4-hexatluorobutyl group,

1, 4- cycl ohexyl ene group), and cycl ooctyl ene groups
perflusreputy group, dglcdlﬁk@gwaé)n%%jﬁtﬁfbp,mpf‘kwl deed, adche Eke can be
~ hydrocarbon groups such as cyclic hydrocarbon groups
gVaiith 2 to 4 rings having 4 to 30 carbon atoms such as

nor bor nyl ene groups, (e.qg.. 1, 4-nor borny|] ene group, 20

2, 5B sronnsethe psﬁwamwet%ﬁ&r%ﬁ@mfﬁ%e groups (e.g.

1, 5- ad 1t yl , 2,6-ad I : d,.
L RIBIRILYL SIE SO 2 Secamnt YL S0e 81 P 208
Db R AR TR b o LRl Soe

ooy BRSO rRomai sy cayie grsamegn gghivit acidiy
in a&l h&%ﬁL LG tinf %F&%E@ﬁx@ h?fh%g@ atdmh is %aéiﬂﬁiigs%i%!d%cﬂ b
VANRS pre?erab y a hydroc r%on group “containing a

alco%og(f Hﬁ!’rgﬁl %Y&lﬁﬂﬁjegf) QHPrOY-attraBriMPpBRERY SMGe %ﬁ%ﬁgygéroﬁp,

pT op ne group. In the recurring unit havi

partuOHR, &8 wﬂdéyorhaﬁyigg%ﬁwl Fo Ais ré@Sor, e kit o @AY In alali,

group having 1 to 20 carbon atons represented by R3,
but flstRbRaN IpMte Witetips having 1 to 20 carbon atoms such

as a difluoromethyl group, perfluoronethyl group,

2, 2adghirbfendloeiamples of tleupeurdn@uidlt havidd aigroop shopin tgrthel formula

per fluoroethyl group, 2,2,3,3-tetrafl uoropropyl group,
(1), pler febwroing @itk thetthifdwine dogpoul p érah carobogivepy|  gr oup,

2,2,3,3,4, 4- hexaf | uorobutyl group, 5 perfluorobutyl

group, 1,1-dinmethyl-2,2,3,3-tetrafl uoropropyl group

1, 1-dinethyl - 2,2, 3,3, 3-pentafl uoropropyl group,

2- (perfl uoropropyl)ethyl group,

2,2,3,3,4,4,5,5-oct af | uoropentyl group,

per fl uoropentyl group,

|, 1-digpthyl <2, 2, 3, 3, 4, 4- hexaf | uor obutyl group,

1,ngfﬂ§t T%§12,3,3,4,4,4-heptafluorobutyl gr oup,

2- (perfluorghutyl)ethyl group, 10

2,2,3,3,4,45,5, 6, 6-decaf | uorohexyl group,

tyl meth
-2,2,3

per fl uoropenty yl group, perfluorohexyl group,
1, 1-di net h)NR42 ,3,4,4,5 5-octafl uoropentyl group,
F3C—C
ég\cm

(1a)
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1,1-dimethyl-2,2,3,3,4,4,5,5, 5-nonaf | uoropentyl group,
2- (perfl uoropentyl)ethyl group,
2,2,3,3,4,4,5,5,6,6,7, 7-dodecaf | uoroheptyl group,

per fl uor ohexyl net hyl group, perfluoroheptyl group,

2- (perfluorohexyl)ethyl group, 15

2,2,3,3,4,4,5,5,6,6,7,7,8,8-tetra-decaf |l uorooctyl
wheSi®ROs iRt UoRONER Jurmatahg) agr RURpresgas it vgasiogiyp,
group, 2-(perfluoroheptyl)ethyl group,
preféraBlyd Evdled, ydfochibon GraupS, Bhéin dytiexader afdupe aahoyyic
group, perfluorooctyl nmethyl group, perfluorononyl
hyd@eabpn gbupp eref dreferablecdnydigethbdlvalpnolysirocarbon group.
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 1
0, Y- wekabbcahipbrsad & ydatugried hinegsdyfitagarbon gropipsetdnds a
20 group, perfluorodecyl group,
metlpy|@nederaym, ethyiene g bupo potpyiepk sgrupdp,3-propylene group, 1,2- propylene
2,2,3,3,4,4, 4- hept af | uor obut yl group,
group) JeuametBylsnagmuB- negHatdtndenstasayn. hgrasegihylene group,
3,3,4,4,5,5/6,6,7,7,8,8,8-tridodecaf| uorooct yl groTp,
heptapmgthylrae |cr ). eetAMBEY PG BFRUPARYII ctdE Sremp, decamethylene

fl hyl I hyl. ,
oSS ST Sy RS T SELL B0 e
BRI SE L BB B BAL S ST L BESLh e
T R N N TR

icos e BERR, LB AOBIREH Lt dhol 2% I DR R AT

ssoci-at ydrogéen m by

z-mgélhggzﬁ,ﬁ% é&xtegé,}ég;ﬂ?#%@gﬁihltﬁ&ylé’ﬁdﬁ %rgﬁp,'ﬁqg‘t‘h%ﬁlgfﬂ?}t’ﬂene

ng i n of aci y 1'n an” aqueous

yPRend HOLE 1R IrBpyiRlel 8 2 FropHicR
B S T L O B R PP e

gro®f: dMBcfie Wy HidASrbUR iutoupd Wi dhhstcR Elo Bk PléRe QMEQth hes 10
formula (2), the recurring unit shown by the follow ng

carbioRlaFBhesuch a3 cfasbubgefd Me0ps @ Ra 1;3-HebbutyleneQrolp)( 2 a)
R4 Ft 0=5=0 R3 wherein Ri1s the sane as the Rin the

cyclhptrimlee ¢Dips . iadl, 3-beclgmne/las drbep)Reycldahekylend gonpd @.2. a
10 (2), and R4 is the same as the R4 in the formula

1,4-cvddhexplenRéroual aatl kytlenaylgnogpups(e.g. a 1,5-cyclooctylene group);
bridged cyclic hydrocarbon groups such as cyclic hydrocarbon groups with 2 to 4 rings
having 4 to 30 carbon atoms such as norbornylene groups (e.g. 1,4-norbornylene group,
2,5-norbornylene group), and adamantylene groups (e.g. 1,5-adamantylene group,
2 6-adamantylene group); and the like can be given.

Particularly when the R* is a divalent alicyclic hydrocarbon group, it is preferable
to insert an alkylene group having 1 to 4 carbon atoms as a spacer between a
bis(trifluoromethyl)hydroxymethyl group and the alicyelic hydrocarbon group.

In the formula (1a), R* is preferably a hydrocarbon group containing a

2.5-norbornylene group or 2,6-norbornylene group, or a 1,2-propylene group.

In the recurring unit having a group shown by the formula (2), as the fluoroalkyl
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particularly preferable. As exanples of the
radi cal | y-pol ynmeri zabl e nononer whi ch produces the
recurring unit having a carboxyl group of the present
i nvention, unsaturated nonocarboxylic acids such as
(rmeth)acrylic acid, crotonic acid, cinnam c acid,
atropic 15 acid, 3-acetyl oxy(neth)acrylic acid,
groudr }ﬁemgqytb%%f&hta}@ﬁg bé%)fe@erﬂ@d By R&-fIoRk beke) @duph ihgving 1 to 20
acid, and 3-cycl ohexyl neth)acryllc aci d; unsat ur at ed
carbB@ hm@rsbowd 4 giflReidbsetBy Ghowas pexfﬂuﬁﬂfmarhﬁ(gr@p, pRldiflgoroethyl
acid, citraconic acid, nesaconic acid, and itaconic
growpc 2 d;2-trifhubroetty) aoupl p\&”fﬂdﬁﬂﬁthﬂbgrbyb pﬂ’hbﬁﬂetrﬁhmb@wpyi @roup,
acid, 2-a-carboxyacryl am de-2-net hyl propane
perfh:lardw)WMB@ybgmdp, R&luoropropyl group, 2,2,3,3,4,4-hexafluorobutyl group,
2- a- car boxynet h Iacr | am de- 2- nethylpropane car boxylic
perfmorabutyl 2reaupmtl ¥5dn%4$~a¢iraflmampd@wgwphyﬂﬁmghhle
car boxylic acid, 10
2,33 d-protaflipropyeryi groam Aépeflvesopspppdeparisowar boxyl i
aci d, __2-a-phenyl acryl am de- 2- met hyl pr opane car boxylic
%\§14d4,5:SQﬁ@B@mF%EWPQrﬁeﬂ@%OW@M)%F?Hpepane car boxylic
acid, 2-a- netgox acr%lanlde 2- met hyl pr opane

1,1~ élgr%lt}slﬂ% 3.3 4e4-Bexagluorc utyl group, |
eI RS R SRR AR

i Rl A e
o}l SEARNE) 2 53 . SRIGREL AL Mo carboxyl _group,

ORer's avi'ng 'ah’unsat ur at Clic group or

1,1-K r252,§,:39lv‘ﬂ5 RYs. ﬁ&ﬁﬂtl&roﬁyﬁt? c(r@l %ﬁ)gat o%ﬁéﬁfé'i)eﬂ‘lgl up,

exa € hononer s

2.2, 88140y §|S'6C6 gﬁ% ecaﬂgoxtﬂhgyt?izgrbg;i %eMJ@@ﬁex?tn%Eyl group,

car boxXyl i ¢ “aci bicyclo hept - 5- en- 2- yl

iRt ReXYAp&asoHexyl)ethyl group,
pe 4- trlgéﬁg g 2(% 02' 6] dgg 8ye%e garboxyllc aci d,

228 BI4&V§B@[<§7 2 ﬂs-&&aﬁiedﬂﬁ:&ocﬁm 4rotlp, paﬂbaMe;a;mwswlgeoup,

"acid, ‘and ‘the like can be give. O these,

peﬁRmhMQ%ﬂ@ﬁhﬂhZ(ﬁ&ﬂa@bhangmahgqnbmxyl|c acid and

bi cyclo[2.2.1] hept-5-en-2-yl 15 net hanecar boxylic
2.2, 2064k a5, 07 63k, abHexadicalGdzaonil gdb)ip, f@ril@@bbctylmethyl group,
perfluorononyl group, 2-(perfluorooctyl)ethyl group,
2,2,3,3,4,4,5,5,6,6,7,7.8,8,9,9,10,10-octadecafluorodecyl group, perfluorononyimethyl
group, perfluorodecyl group, 2,2,3,4,4,4-hexafluorobutyl group,
2.2.3,3.4 4 4-heptafluorobutyl group, 3,3,4,4,5,5,6,6,6-nonafluorohexyl group,
3,3.4,4,5,5,6,6,7,7,8,8,8-tridodecafluorooctyl group, and the like can be given.

Among these, a perfluoromethyl group, perfluoroethyl group, perfluoropropyl

group, perfluorobutyl group, and perfluorooctyl group are particularly preferred due to
their capability of moderating the acidity of the hydrogen bonded to the nitrogen atom.

The recurring unit having the group shown by the formula (2) has a hydrogen

atom combined with the nitrogen atom which easily dissociates the hydrogen atom by the

9
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wherein Ris the sane as Rin the formula (3), A
represents a single bond, a carbonyl 20 group, a
car bonyl oxy group, or an oxycarbonyl group, and B
represents a single bond or a divalent organic group
having Ito 20 carbon atonms. As exanples of the
di val ent organic group having 1 to 20 carbon atons,
elecsat-attaten priopeasies bijitle o8 Q5RO mraupopipmesise o ashiltidd of acidity in
nmet hyl ene group, ethylene group, propylene group
an aQueods pologyt. e Akeigfoaphe ds-is prsolphleempuregraderpdyt soluble in alkali.
tetranet hyl ene group, pentanethyl ene group,
hexerretrafel abieegmplpof thia egeuznmes bnyll kewwimggho gipup shown by the
oct anet hyl ene group, nonanet hyl ene group, .
formide Eethhyéwneng wrtolgwniydbe ﬁﬂ’éwiw Praulgréupsan be given.
dodecanet hyl ene group, tridecanethyl ene group, 5
t et radecanet hyl ene group, pentadecanet hyl ene group,
hexadecanet hyl ene group, heptadecanet hyl ene group,
oct adecanet hyl ene group, nonadecanet hyl ene group,
i cosyl ene group, 1-nethyl-1, 3-propyl ene group,
2-net hyl - 1/ 3- propyl ene group, 2-nethyl-1,2-propyl ene
groufyCii=rethyl - 1, 4- but yl ene group,
2-nethy|-1}4-buty|ene group, nethylidene group,
ethyl i dene §Follp, propylidene group, and 2-propylidene
10 group; @rylene groups such as a phenyl ene group and
a tolyl enexgroup; ﬁbcyclic hydr ocar bon groups such
as cycl oal kpl'ene groups having 3 to 10 carbon atons
such as cycl obutylene groups (e.g. a
1, 3-cycl obPitlyl ene group), cycl opentyl ene groups (e.g.
a 1,3-gyc ntyl ene group), cycl ohexyl ene groups
(e.g. a1, 4-cycl ohexyl ene group), and cycl ooctyl ene
groups (e.f: a 1,5-cyclooctyl ene group); bridged
cyclic hydrocarbon 15 groups such as cyclic
hydr ocar bon groups with 2 to 4 rings having 4 to 20
carbon atons such as a norbornyl ene groups (e.qg.
whelsid Rnie tizosaniel ag ties Ryirothe foi2pBa () RO ene grtoeR) in thatbrmula
adamantyl ene groups (e.g. 1,5-adananty|ene group,
(2), anbRAdahasinyd snbe § ouplk:foamda (the Ad R agathybree gravpris
The radically polynerizabl e nononmers producing the
particgbwhyrprefgrablei t  (11) having a 20 sulfo group
constituting the copolyner of the present, invention is
shovrexsipptasef dsopdicalhopalimarigable mppompiewhigh RiAdicesdfie A
and B are the sane as those defined for the forgula
n

recy4yg unihBavingpd RIPE] SyouP threPistrna e Yy UpEBIaEf ng t he
oSSR LR AT ST 8 (4) M U Ul o ol
I EEIN IR e TEN M T R
acid:jl %g%%-%g%%?%{ﬂ(bkg@?%? ri[(g%cg(lfl[;gu?lg%lt%ra - golgc%%og)c%iggc\:{g&ucgas
fumaric acid, maleic acid, citraconic acid, mesaconic acid, and itaconic acid;
2-(meth)acrylamide-2-methylpropane carboxylic acid,
2-a-carboxyacrylamide-2-methylpropane carboxylic acid,
2-a.-carboxymethylacrylamide-2-methylpropane carboxylic acid,

2-a-methoxycarbonylacrylamide-2-methylpropane carboxylic acid,

10
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12 vinylsulfonic acid and allylsulfonic acid are
particularly preferable. In order to control the
refractive index of the top coat, the copol yner of the
present invention may contain a recurring unit having
a side chain which includes a fluorine atom ot her
than the recurring unit having a side chain which
2-o-abgllodesrdambleal-artinljropingdarboxy ligaadip havi ng a
fluoroal kyl group at least in the a-position. This
2-ophenytadrylgmide-1-neghylrepatktaitoagdlibycidopol ymeri zi ng a
nononer containing a fluoroal kyl group. As exanpl es
2-o-0bndyher flkmates ety o pang-cedokgiinind, nonomer ,
fluoroal kyl (meth)acrylates having | to 20 carbon
2-o-anedimscyiery taadé-2 uastbpropengeasbpxysiaehidas 10
di fl uoronethyl (neth)acrylate, perfl uoronethyl
2-ochele hpatacyylamisle-2methyirrpRase satbryylic gaibt h) acryl at e,
2,2,2-tritluoroethy| (et h) acryl at e, rfl uoroethyl
2-oa-(cwﬂa,§rg(&qn}qigflemeth1 Prorepe Fa ?’Sﬂ’é’taﬁﬂ 51@{) &»the can be given.
met h)acryl ate, 2-(perflugronethyl)ethyl . .
E neﬁrﬂ%%t?% pﬁq\@,mo W) ,(@F%QCFQH %’fbcl %’r%ﬁ?fm acid are preferable.
(et h) acryl ate erfl uproet hyl met hyl (net.h)acryl ate
i (bt FEgPBRERnDTS R RyD et ety pracaving af el fred
. perfluoropropyl t h),acrk yl.at e, -
e g S5h SR et FRMMATGE R0 0 oot ey ac e,
1- e r f . .
2. (BB ST Lt p HAERT ZEIE] Biovotic row,
Co ; o i1 b; 1ate5.
2 e e e T B 23! oput
metkAREDD SR, 4-tricyclo[5.2.1.07%dec-8-ene carboxylic acid,
1, 1-di net hyl -2, 2, 3,"3-tetraf | uoropropyl (imeth)acryl ate,
tricyelofs @i MBCNEC-26r24-3] thelrpentaiyiokeip! M@the like can be give. Of
(et h)acrylate, 2-(perfluoropropyl)ethyl 20
thesé Bbiayel6fyL. alhept-2ede SirBoxdlié abidand biatlofibe ofiept-§len-2-yl
(et h)acrylate, perfluorobutylmethyl (meth)acrylate,
methaietdrbotdpanidyidre praféchhlacr yl at c,
1, 1-dincthyl -2, 2,3, 3,4, 4- hexaf | uor obut yl
(nmeth)acryl ate
1,1-dinethyl -2, 2,3, 3,4, 4, 4- hept af | uor obut yl
(meth)acrylate, 2-(perfluorobutyl)ethyl
(meth)&rylate, 2,2,3,3,4,4,5,5,6, 6-decafl uor ohexyl
(meth) &cryl ate, perfluoropentyl nethyl (meth)acryl ate,
p&%eTtor ohexyl (meth)acrylate, 25
1, 1-di met hyl - ,3,3,4,4,5,5-oct af | uor opent vyl
(rreth)a},eﬁ’yla.té(:qi)2
1,1-digethyl-2,2,3,3,4,4,5,5, 5-nonaf | uor opentyl
(meth)acryl ate, 2-(perfluoropentyl)ethyl
(et h) 4&P9QHat e,
2,2,3,3,4,4,5,5,6,6,7, 7-dodecaf | uor ohept yl
(rmeth)acrylate, 13 perfl uorohexyl net hyl

(nmeth)acrylate, perfluoroheptyl (neth)acrylate,
2- (perfl uorohexyl)ethyl (neth)acryl ate,

503 3 4 , t | i
iR Retyieie® Bt Ry SRR cHBIRE b
eroRB Lk MBRABES Youp BLRbLAGIYSAY Beroup, and B represents a single bond or a

divalent organic group having I to 20 carbon atoms. As examples of the divalent

organic group having I to 20 carbon atoms, saturated linear hydrocarbon groups such as a

11
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perfl uoroheptyl)ethyl (neth)acrylate, 5
,3,3,4,4,5,5,6,6,7,7,8,8,9, 9- hexadecaf | uor ononyl ( ne
crylate, perfluorooctylnethyl (nmeth)acrylate,
| uorononyl (neth) acryl ate,
erfluorooctyl)ethyl (neth)acrylate,
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 1
metBylo6d @oes, athlaeatdeqy brdpyiinb peaipyll St @opylene group, 1,2- propylene
per fl uorononyl net hyl (neth)acryl ate, perfluorodecyl
grodﬁ}&bﬂﬂérﬁahyﬂeﬁé group pentamethylene group, hexamethylene group,
, 4,4, 4- hexaf | uorobutyl (nmeth)acryl ate,
heptﬁm@th'y e&ﬁ@rdgﬂettembmﬁ/lemo gobipt yénamenaddnearoyd, de@methylene
3,3,4,4,5,5,6, 6, 6- nonafluorohexyl (meth)acryl ate, and
grow, BndecamBihsede BroTp7(@legzagethy] ﬁd@gmpuodwmeyhy(lmtgwat ry
late; (2,2,2-trifluoroethyl) a-carboxyacryl ate,
tetra(dpeafrmqthsdcmrhyp rp@ﬂﬁgiﬁgamlwiqrmxm hgxageeamethylene group,
2,2-trifluoroeth a- car boxynet hyl acryl at e,
hept@é@ameﬂwﬂ%@t%wm@@tﬁ%%m@%@né SF BB )oRARGAM Al Snearaup,
2, 2- trlfluoroethyl) a- net hoxycar han yl ate,
wosﬂse? 16 bdtel et HSHPY €Re ﬁwno@%ﬁdﬁpr% )¢ group,
on acrylat

2l Errsppdety i y’i“?thﬁﬁégé% faﬁP Pyt QY1 4-butylene
2, 2,2~ fl h:

arofi B gr b ROT RO FYe 23R ﬁ;ﬁ%‘?ﬂ?g} 5005 and 2-propylidene

groépp gr%l?negrblgs%gﬁﬁg %e/ﬁr%ly}e?{%g%u yan@% %{lgf&ng eroup; monocyclic

I"acr

hydgo% &{a%%ta, @< %93 g@;@%&@gw& 6 €arbon atoms such as

yacr

cycl% %{r:délfgtg ﬁ@? 0ff @%wloblﬁy%n@?;&@)()é L1 B rﬁ‘ﬁéﬁlé %B@ps (eg a

met’hyl') a- hoxye hy acryl a
1,34 Qgclgpe%tflédef%rH@)W%%‘BHe%yI@né@x%bﬁ@@@}’ lhacs- M*c%}%xylene group), and
(perf | uor oet hyl'net hyl )~ a- cycl ohexyl acryl ate

cyclodetiede fduipk (ED% Gel Q-Bé%'alo@djilléﬁ@g@ﬁp){ baitigsd cyclic hydrocarbon
(perfl uoroethy nethy a-cyanoacrylate, 3 [4]

grodpststiti hstnaRydrptarBogusd Bith Ctts ufdnge havieg hyd 26 Lartbooaems
t hyl ] et hynyl oxy] benzooxy] 25

suclRadwy osrbung reap ghdume (g alg4-ybdoenylene group, 2,5-norbornylene group)
(2,2, 3,3, 3-pent af | uoropropyl ) 2- phenylacrylate

and (aﬂarﬁarﬁyl@n@ wept &f¢. Uor-agamopiyldnerbem 2yd-adamyntflene group); and
(2,2,3,3,3-pentafl uoropropyl) 2-ethoxyacryl ate,

the lie chn:be%l‘aerpent af | uoropropyl) 2-cycl ohexylacryl ate, 14
(2,2,3,3,3-pentaf | uoropropyl) 2-cyanoacrylate, and the
| i Kehegadically Ig:llyfewlza'bke@@norﬁ% BIASHEIng Hh ISFHTIRY ualt (H) having a
f 1l uoroal kyl nq # ed either indjvjduall

sulfp &fO‘ﬁJd‘f‘PBFtHﬁft"F%) e&PP W’@%‘P tﬁ% PESSCIAANVCRBOH S TBRER Y he above
contai ning a fluoroal kyl group in the present

fb”WH@é ion, 5 fluoroal kyl (neth)acrylates having | to

or dndreaaitects T Aoy P {ﬁ'e%%’ré%’ & et ﬁ‘gf%’éﬂée orola (3. The
forn(nﬂ%:[ﬂ;can ng yﬁta neH%r 9 plla%'(n&%r ie aﬁ%ﬁoy %gfleoro{??e] at(}:l?)% ﬂfﬁia!(()ﬁ:) with a
sulfg\hﬁ'&fb. the

As preferable examples of the monomers shown by the formula (3), vinylsulfonic

2-(
2,2
th) acr
perflu
2- (per

acid, allylsulfonic acid, 2-(meth)acrylamide-2-methyl-1-propanesulfonic acid, and

4-vinyl-1-benzenesulfonic acid can be given. Of these sulfonic acid monomers,

12
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perfl uoroal kyl group bonds to the ester oxygen atom
via a nethyl ene group, an ethylene group, or a
sul fonyl am no group. 10 In order to control the
nol ecul ar wei ght, glass transition tenperature,
adhesion to a silicon substrate, photoresist film
under |l ayer antireflection film and the like, or the
vinytsahfbactacangilallysubdosokvidare pdrtitiia ]l cpebirstter , ot her
radi cally polynerizabl e nononmers can be copol yneri zed
wi i otdmetoc@mabyuine refofctivh endex o thattop enegrthe oppolyr@ertudithe
nmononers” here indicate radically polynerizable
prespmtriovaation atayeentehphrechisinghovidamaata saifefdlarna\@hléhmcwdﬁs a
pol ynmeri zabl e nononers. In addition, an ac
fluoting alest etherehyr b ﬁe%léfrlﬁ:h‘r“ﬁi 'i*@’“iﬁ)?héi%ﬁ@m Wﬁy:hbéciudes an

copol yneri zed. exanpl es of the other radically
alcob@m%/%k?%lsr@?ﬁﬁﬁ@ﬁér%u%%uéﬂédo‘bﬂ & desst mgheor-position.  This

gr.oup-, contalnln nomne &neth acnéllc aci.d al k I
recuBiiRge Yt CynrRst % ©rg Y“&Ff PiE @ MBRQIBGLONIHDG ngé‘i"iaﬁ‘y

acid dlesters nltrlle group-containing radically
810Ul yneri zabl e 20 nmononers, ami de bond- cont ai ni ng

ot SR w%oa?'avﬁtgg”@u{ K5 Siak Heby R SRt i ¢
(megmﬁ ou S h%\(;’llggjll E(g 9@ gﬂ?ﬂ’? LRL&hL BR ﬂJM(‘i‘JuI?%SCer oy suc%ﬁ( |

-conta acrylic acid

diﬂ&%ﬁ&zﬁgl r&@%&gﬁa@%é&fﬁm&h&h@' h&ngédr 1a?e' &}2‘ d1ﬁ§$1%5§y

gi ven icularly

(meﬁgﬁ.fr Labbh e Ahdtioftetty® @ﬁ&th?d%ié‘yléf@ NRABIorBERAYRINDa @V REY

curring 25 units sel ec fromthe group consisting

1 (p@i‘—ﬂdo@&hanﬁ)&ﬁ)tz%ﬁt}gécr&mﬁt Q-)(@@rﬂMbﬂoﬁqeﬂ@ﬂ)@ﬂ@rﬂdneth)acrylate

adamant ane esters of (nmeth)acrylic acid

2,2,8 9Red¥IREbFEEsY \intih)dddaopatiiomethofmding (m@ﬂgmﬂme
i nvention. As exanples of these nononers,

di(perfrichyaahyihihethalqind:tiBadratit @ pedbibespsopyl ﬁnétl’l’hici]bl&te,r ylic
acid y-lacton esters, (neth)acrylic acid adamant ane

1-methyR2.8,3,3dtrafli bropropybgnsthjacryéat e, d -@ddhmntcing)etisd er s,
(meth)arylic acid norbornene | actone n-nethacryl

(methdtayiste, LH(pérflioroeidy Bethyl (nectipe ol ate 2767, ﬁérﬁehqxaﬁti@mbutyl
n-met hacryl esters, and the |ike can be given.

(meﬁﬁ@cwlmec p@rﬂaﬁq@pwybnethﬂén@th)@qfrylﬁtm Berdbgrobyet ﬁwh)acrylate

th)acryl ate, net h) acryl ate, n-butyl
11- étmtmla?e? §43aqe@aﬂ%@praaxl>ﬂme€ﬁ@wbaéer ylate, tert-butyl

BRIt et 4'33?{ Bt E OB N Ry S PaReStopOfY Dethyl
(mef B P e oy LA YOT O H PG, PrBBBisPHy et
melfEiriefe %h@%@?sﬂ& 'yi}%w{aﬁ%%fﬁ) iR P2 2 Al ErexdRuorobury

di
(meﬁ@%nﬁ lg(é’g/edll,gtrcﬁﬁﬁ)é hﬁgﬁ’gl’ yéc/,gfiql ét n%fﬁ%@)o?&ﬂ’%g%&%th)acrylate
2—(6@%&9&3&% ?&H)Ll %Hn@th%c}‘)‘;lgﬂe, é,',’f,%tj‘,hﬁfs[é( B,@to%caﬂum rohexyl

(meth)acrylate, perfluoropentylmethyl (meth)acrylate, perfluorohexyl (meth)acrylate,
1,1-dimethyl-2,2,3,3,4,4,5,5-octafluoropentyl (meth)acrylate,
1,1-dimethyl-2,2,3,3,4,4,5,5,5-nonafluoropentyl (meth)acrylate, 2-(perfluoropentyl)ethyl

(meth)acrylate, 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoroheptyl (meth)acrylate,
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-met hyl -1 -cycl ohexyl (nmeth)acryl ate,
-ethyl -1-cycl ohexyl (neth)acryl ate,
-propyl -1-cycl ohexyl (neth)acryl ate,
-butyl -1-cycl ohexyl (neth)acryl ate,
-met hyl -1-cycl opentyl (neth)acryl ate,
-ethyl -l -cycl opentyl (neth)acrylate, 15
perfluofshepylinethyt rabthpent sk, tentdrpbepnyll(ateth)acayidie] - but vl
-1 -cycl opentyl (neth)acrylate can be given. As
2-(peflaopihesy Bty y oietiack yigeoi3ch At i n6.AgF, 1, Bréttétyalecafluiocooctyl
acid al kyl esters, 2-hydroxyethyl (neth)acryl ate,
(metﬁ)dmy;damxgqmﬂmpyhemﬁeteﬁyyé@nwmceﬂat@ ey luconyqsyldpigth)acrylate,
(et h)acrylate, 2-hydroxybutyl (neth)acrylate,
2-(perIBoditkytahethy binosciyinge. h) acryl ate,  pol ypr opyl ene
gl ycol (neth)acryl ate, 2-hydrox cyclohexyl
22 f( bt 8631 486, Soheaseafhisyens ey
acr Iate can be given. Nbreov r gneth)acryllc
perﬂa@rqpc 11]]@9 yb(gmeélp)gcrg[péqq pggﬂuorononyi (metl’?) acrylate

2-BRRHSRY I LB AR er 3 Such as di ethyl ﬁé{éé?tele;
225034 45 éjﬂ?@iiij@ﬁ@wc ARl e o
pertp e G AP B PR bl A P2

I
2,2 24{%{?&{ né/xaﬂﬁﬁ%%ﬁlﬁl?(mé/thﬂ}ﬁly %)t?ftjélfgl%hdrggga gPt ﬂF(%lJBQﬁ(ﬁﬁi

e R S e cally

3,3 @@'5%5‘@6'7273@%% tﬁ@%ﬁﬁ&%o@#ﬁrﬁ}naﬁ)acﬂﬁat@” yl am de,
acryl ’dnmide, and trifl uoromethane

2, z%lenfﬂgBbdeam)rt@%&ﬂwkya(crg%e) @s{mb%@yamémmn -@EbskyMbRhS

such as vi'nyl acetate; ori ne-containing radically

(2,220t ¥ B deBRP) @caﬂmagﬂﬁahg @mﬂea@emuaydeﬂgmhamyxje and

vi nyl i dene chl ori and conjugated diolefins such as
a-catbScyiutiad iaefgate, i(3 QP-eifkRoraid/ o dndhagtapbnid utthitgne
can be used. 5 As specific exanples of nononers
(perfluodeidiyigethel urmethgxyeaibiosy ldex ylate d(2 3, Doniflucacdtioyle esters
of (meth)acrylic acid, 2-nethyl-2-adamantyl
o- ac(eﬂﬂébmaaqfd%lb dpaﬂuo@eﬁl}’h?‘ﬂhﬂ) asznetyiesy act yiate NPakc? -y thtaspethyl)
propyl - 2- adamantyl (neth)acryl ate
o~ pbge-nm,ﬂcwlatg, (agﬁ}qtamemyhpﬁbylﬂ))a@hwb@p@late (2 2, 2-trifluoroethyl)
1-adamantyl -1 -net hyl et hyl (neth)acr
o-benzpilagrdaés- (perﬂaamﬂwwetbﬂéﬁhbe@éy Pré(%aée (2 2 2-trifluoroethyl)
3, 5-di hydr oxy:- | t h)acryl
oc-ethowcwézttwlpefff@pfogﬂw%t 3 sgvggﬂ’jwyrh@éf ﬁé@ﬂy—irg’e@%h@
met h d 5-1acton
2 2@%@0%@%%9@@%‘ SRS RE Py-{l"%h%athylacwlaw»

(2,2%:9&#1” li) c%%g%m%cgﬁ%tgxg S’@Jiéléoreghn?mgﬁ?ﬁ XL cyc%h%)%ylacrylate,

(2, 2? ﬁé‘@l cgg}]yll) & da%%%ig’at?? cprﬁ uor E?E)a o¢~c|yy1i1 atcreylate
3{4[3&“1{1& 9‘[69) %rZYBISlf’E) s?ﬁfﬂgj ﬁgﬁ%s%?o&éth%étﬁrﬁdoxy]benzooxy]

il el ol

ric C

z-hﬁﬂr&%%byinyém)hc@raké (ponaTRLEMh@GENLAHIE 2¥REnylacrylate,
(2,2,3,3,3-pentafluoropropyl) 2-benzylacrylate, (2,2,3,3,3-pentafluoropropyl)

2-ethoxyacrylate, (2,2,3,3,3-pentafluoropropyl) 2-cyclohexylacrylate,
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3-oxa-2-oxatricyclo[4.2.1.0"8]-1-trifluoronethyl -nonan
-5-yl acrylate as (trifluoro)acrylic acid norbornene
| actone n-nethacryl esters, and the |ike can be given.
O these, 2-hydroxyethyl (neth)acrylate,
3- hydr oxy-1| -adamantyl (neth)acryl ate,
4- (4- met hyl -t et rahydro- 2- pyron) yl nethacryl at e,
(2,231, 2-pestafladry phioph ) 2asyandact yiares dralahy likd ean be2fiven. These
3- (3-net hyl -tetrahydro-2-furan)yl nethacryl ate,
mondnieydtomxainihg a sl grouprdsl heowsedetthyrlindiedyhlét e inand
3-oxa-2-oxatricyclo[4.2.1.0"8]-1-trifl uoronethyl -nonan
combbrayibn atrwad aitreomr e preferable. These nmononers may be
used either individually or in conbination of two or
morfes, the moTmersspotaytieg a Grotoaikypgresem thempyesant ipvention,
contains the above-described recurrin uni t (I) and
fluoreadin! £ npig)aghyleteg having b te3E esbomatops ﬂﬂbgﬁ dhyogoalkyl group are
Preferably ga a copolynmer consisting only of the
preferaplr r Pﬁﬁmﬂlﬁﬁ ¥ p'(qféra%lﬁ alq«'@eaﬁf%qoabalremg ¢ ﬂclpmal Yé\a@ueﬁye

peﬁ&#mu{ﬁ‘;mgﬂ S a%%%m%'ﬁv‘?méﬁ i
perthitetey o iR By P A Bch ory R rep e i B i

currlng unlt derived fromat | east one

g””&bﬁb%ﬁﬂ%”%%W@%?% fom the group consisting of
adefn%ncle?{beco%%%?{h% ngclK e&%t\n@l%qvééésq?ﬁ& ith A5 %H@t?tre adlhesmn 10

curri recurring

a mlﬁwlsﬂgst&teq m&erempwgen W¥dbnGyd AR A fil %ﬁ@m%afkte%r the

curring unit the recurring unit Raving a

conﬁ[:toslﬁ%iesta QWBIRY: dMRe écﬁfo%é?‘ &tgér rafigs18) ﬁlﬂ{/ﬁ]@ﬂizabfeerﬁéﬂdrhé}! can

unit I B" the recurring unit aV|ng a car boxyl

be cop&lyBleNAEd With theGopolymcHbOUB Presér&ﬁhk?efntlﬂﬁl Wther IfenbmekdTehere
recurring unit having a sulfo group (hereinafter

indic4t€ %Aﬁdaﬂl@@)ol#’ﬁﬁdnzaﬂl@ nﬁdno}nersﬂ(b‘tﬁer&hhﬁﬂle LBOW-memipned rddically
(hereinafter "recurring unit II1") are contained in

polygtkgirablemadriomerdatin bdditdgs ah heidviddsuaaldt gfanpldnefinih@jriobOmers
+ (nol % of I1B)/40 + (nmol % of 1C)/25 to becone 0.7 or
maynter @polynterppedf erably 0.8 or nore, and the anount of
the recurring unit 1C is 50 nol % or less, preferably
40 Aobsinples|of sl othéraadipahrpolphertizidle monymern gr aad disgqciable
is 0.5 to 50 nol% preferably 1 to 30 nol% and the
grogmeaniiniog manemess (meihirgrdis qcm{ alkyliestegs, {petbimeryiis agig agyl
and preferablg 0O to 80 .mol% If the value of (nol % of
estepsafljcaoxy lisasi /sl@ftelssyumﬂe SOUMEAMAIRIPS facy9ably m@m%@ébie
t han solublllt t in an alkali
MONQRFEY adidopa ol weizfélf% Bhleotioggrs. fagy aeist viny)

contg)lgﬁxécis? glf g%}i%tect@}?ﬂggxgtrre#m zﬁleydpol)-/rrplgnzra%?el rgclilr?omrg c%r%ggétgd on
diolefins, hydroxyl group-containing (meth)acrylic acid alicyclic alkyl esters,
(meth)acrylic acid alicyclic alkyl esters, and the like can be given.

It is particularly preferable that at least one monomer producing other recurring
units selected from the group consisting of lactone esters of (meth)acrylic acid and
adamantane esters of (meth)acrylic acid be copolymerized with the copolymer of the

present invention. As examples of these monomers, (meth)acrylic acid 5-lacton esters,
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devel opment. 20 If the amount of recurring unit ICis
nore than 50 nol % the immersion liquid swells the
top coat and an optical image nay be adversely
affected. If the anbunt of recurring unit Il is |less
than 0.5 nol % the pattern profile may be
deteriorated as conpared with the case in which the
(methggirgic dcid plaocesseds, fyediiacrdicpogladamanfane apes, t han 50
nol % the inmrersion liquid swells the top coat and an
(trifloptd)eadli and edamantive es26, Guubjasdioacet febowdne lttonhe
amount of recurring unit Il is nore than 90 nol %
n-metbiarbl ¢stary, (wifluondaerplic sddnorbiomenn lagldos nmethaerileesiass, and
sol ution used as a developer is too low for the top
the likseqantbe gheen18 renpved. The resi due may renmin on a

resist pattern after devel opnent. The pol y
pr éSeREC iR graER sholdhs ofsr W@B@P@dmﬁ@‘ybél‘%}?ﬁé?g%t% g‘ﬂg

<me%ﬁ%q%n§bu&? Bethige he'n‘t%%sﬁ?%m etEeSenetinitne
(mefp)ecy ?%ngéro‘é‘ﬂf@% f% H eﬁ?l?w%*awﬁi SR o "
(melyEeiies MRS RET ARATRE Lt sy DSp RSt o

(me%x;)fctrﬁgﬁ%e bor?xkjllb(g'fe%%r&lap 2 o%&ﬁ%ﬁéﬂtarﬁﬁ Eﬁ‘l tﬁpa% Jg%i I)égme ther s
e

metﬁ(f)py%fe’thyé Iﬂéﬁll %ﬂ@thﬁa!c)@q{ﬁte H@t‘ﬂ@)@)‘ﬂw}gylﬁkr}ﬁﬁool ﬁh&l‘lya%ﬂ@ate

ycol et her, hyl ene gl ycol iethy
1- m@ﬂh?ﬁh)ék@iﬁﬁe:@'l y@ah)a@@maeet Bl 1- elheibhexdi @ﬁayjaeﬂwtgl ycol

nonoet hyl ether, diéthylene glycol dinethyl ether,
1- pr@bﬁthyj/@mxgl eﬁmh)awy&wMLb@yithycl@nie&th@mcrglaye;oI
ethyl net hyl ether, propylene glycol nononethyl ether,

1-mamell - preoply pang (gieﬁl)@dry]ﬂtmcbeil’qmi eichpentyblkgth)aetyhue,
acetates of polyhydric al cohol such as ethyl ene glyco

1-prep iyl -cetlbyemtyd (et aeryisieetrtiyl-butg! - 15y gbyowy! (eteHyhcrelatearan be
acetate, propylene glycol ethyl ether acetate, and
givepr oAy keaneplgd gidoidro gmmetqwtalreuménethlaeiwép@ﬁldaiﬂ@rlraﬁtﬁr@,
h drocarbons such as toluene and xyl ene; ketones such
oméwéﬁ@eth)mnﬁa}tp ehydrpxyser émeifeacaylrte; SHpdroyypropyl
tone, cycl ohexanone
(meﬁl)wﬁlla@ngMd%b"i’ﬂivl(zﬂ%@ﬁ?faﬁé%é 3- élﬁmdf@mre%rﬁ@em)%waes
polé?é@égr@@%gégﬁ th"l?:ézllat%g’f Egj’roxycycﬁxgxyl? ?crylate a
dr ox r0 |on et hyl 20
¢hﬁhﬁ§’ %m@i WE%HB@@B %We%thyl et hoxyacet at e,
et C
o %ﬁs @ﬂ%@?ﬁfﬁ%ﬁ?ls"ﬁ%? Bhersspelyie
3- QP9 t - ] ' t
Lo R PSP SR e M R AR SR eyt eRilih as
dietl?ﬁ HHYGD - dlglyltfnﬁlﬁﬁte, GHE ldle?hyi itaconate; (meth)acrylic acid aryl esters
such as phenyl (meth)acrylate and benzyl (meth)acrylate; aromatic vinyls such as styrene,
o.-methylstyrene, m-methylstyrene, p-methylstyrene, vinyl toluene, and p-methoxy

styrene; nitrile group-containing radically polymerizable monomers such as acrylonitrile

and methacrylonitrile; amide bond-containing radically polymerizable monomers such as
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et hers, al kyl ethers of polyhydric al cohol, alkyl
et her acetates of polyhydric al cohol, ketones, and
esters are preferable. 25 As the polynerization
catal yst in the radi cal copol ynerization, conmon
radi cal polynerization initiators can be used. As
exanpl es, azo conpounds such as
acryfaride arethasyisohide yemdniifluérbmethane sulfonylaminoethyl (meth)acrylate;
2,2' -azobi s-(2-met hyl net hyl propionate), 19
fatty2a@d viagbisush (2vidyldicamtdyghloaheranainimig redicalyngblymerizable
2,2' -azobi s- (4- et hoxy- 2-di met h Iyaleroniprilg%;
moronganiuch pe vyl d”éoscdmmda\snﬁekm@yl{lor%@ rps colgugdtedidiolefins such
peroxi de, tert-butyl peroxypivalate, and
as 1 B-utadipre, (soprane iyl herssidyyl dyitadisthe sambe uisddr ogen
peroxi de; and the |ike can be given. 5 Wen usiqg a
per’sxspaetia §xamples amendmeys PIRAEFINE A8GUng Wiitsidgtiyed frgm

eckp 51681 G5 PTOPHECTH GF1 PR M aBEP TR o S R ual |y
R T R e e B e
b iyen el Gl foatMabEr ka0 R money i
R S T S b S e L A
o o A R TR TR R S

3-(2‘2{3%5@&&&%0&5& MePnd2BQak %n@838%;2*}&&%/8&);@?0-@?&%)3(1

copol'ynmer 1s | ess than 2, vent ‘resi stance such

metB&erY1ale®ls (ﬁl%ﬁlbﬁﬁﬂ%i@ﬁ%&ﬂ%@@@t@ﬁ?w properties as a 15
top coat is unduly low. If Mv exceeds 100, 000,

3-hydRbiRi latlidMankt Pl-tnb@at§laed adlescr i bed sol vents is unduly
ow. The ratio of Mvto the pol ystyrene-reduced nunber

3-harexpgadamhagui atifluoseingthllachdate unafiflesrojefdicraed ddamastane
"Mh") determ ned by gel perneation chromatography

estef CROxa{ M aui)y b4 2Hed ' Eppokny - 1 Hsiflustoateliy! herghatdantdo 5,
and preferably from1l to 3. It is preferable that the

3-oxbdweatciopddlyiiet.§ ¢ drtrifiunraatetind tnonan-Srpasiviatess such as
20 hal ogens or netals. The snaller the anount of such

(triﬂmmacwﬁeggidmh@omm dactefean-mighactappiters.aasid|the Ykegnbergaysn.
coat and uniformsolubility in_an alkaline develog&r.

TheOf hessobyirdroxyainy @eurey latsy Suydmyy- Fatanaegipirgth)agrylate,
ey Gioa YA POl EBRTPE o Gt CEOBTRAD] BATeYiste
S o RBLFON SOUh AL {raf 11rat on or 25
srER R aE A BEPRY BHBhall “of & top coating |
3 -0)t({:aq -ogcstiritcgrcggmg. f BE’{]— li—tﬁ]ﬁliugio%éﬂl)llynogﬁn-i’j [lrl %9%'1@3‘% ip%fer%[)le.

These monomers may be used either individually or in combination of two or
more.
The copolymer of the present invention contains the above-described recurring

unit (1) and recurring unit (II) as essential components. Preferably, (a) a copolymer

consisting only of the recurring unit (I} and recurring unit (II), and (b) a copolymer
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nore. 20 As the solvent used as a conponent of the top
coating conposition of the present invention, a
sol vent that can dissolve the above-nenti oned
copol ynmer without inmpairing the lithographic
performance of the conposition by, for exanple,
causing intermxing wth a photoresist filmwhen
contaulg, @daddatidrite tihetoregivsit (Hidnthreanritgpuns@d, a Gopsinguak
a solvent, solvents including nonohydric al cohols can
whidhehagia\gsop dtmtaireixgmﬂueén@atomtmhﬁrahm?:&z@hown hethednonyla (1) on
et hanol, 1-propanol, isopropanol, n-propanol,
the viddehagmanid/ora igerraing Lnit dedi vedd@ra ableast png epmpeiid selected from
2- pentanol, 3-pentanol, n-hexanol,  cyclohexanol, . .
the DOUREPIPIsting Bl n’tang_eﬁt@fs[ﬂﬂ(mgthmﬁmc’ld as other recurring units,
2-net hyl -1 -butanol, 3-nethyl-I-butanol,
can be gwehy| - | - pentanol , 2- met hyl - 2- pent anol ,

5. DRt NI 2 SRR SR Bt P DARGR () (herinafir
o o N R e T P
(rerrtfy PR AR 08 by TRL R FERED! 08 (hereinater
el RERHIe . B AR B ErAD o R e 208k

’hexanol

") il v (pdefiBhivrediaptanal: tained in such
)BTRS TR RAPLACD) s cprane
PR the GIRY GRMc196-dT8AEBO P (mol% of TB)Y/A40 + (mol% of IC)/25 to
rai2,4,4-trir%thyl-l-p?er?tano?, é?%tgfmetkyl-é-heatan&,

becan€d MU néord -tk PREG YD1y DENGAAGHe, ankt the BABGAL, of ZhdYRBAFAL unit IC
3,5,5-trinmethyl -I-hexanol, 1-decanol, 2-decanol,

is SAMIESG N Wss, pleféradiyvat Myl br ke AROIme@N AL the recurring unit L is 0.5
3, 7-di met hyl - 3-octanol can be given. O these

to Soedudtby prefegatdl ¢ ab 6D spol ¥ amhyhd rinouall efahotesuhiagiung H i 0 t&90
carbon atons 20 are preferable, with n-butanol and

mol%e, aed pieffer@blp &riv &0 amol¥tei ng particul arly preferable.
When applying the top coat to a photoresist film a
sollféntvaloe pEfmelhaal & 0abore sol Beid s (witet ISHRY isress)than
may be mi xed in order to adjust applicability. The |

0.7, sphibility ebithe éont epahinan alknlierfgetoussolatienpsedap pldgy¢epar ietoo
top_ coat without eroding the photoresjst film 25

low diathp faiscogt torisd eHP Kk Jgp Rsiftug maydepRAGRY LreaisCRAtSTsatter
such as ethyl ene glycol and propylene glycol; cyclic

develppiapd such as tetrahydrofuran and di oxane; al kyl

roneieeRpenERi gt Rof 168 aryrabi omeEeifr Tosdiaigpd
ol DS 5 o TE D A N RB 0 e
g: ﬁ%{%%ﬁ%@{l%&eﬂ’%g&mﬁ@ af h%/ iesselrhgl“? b5 rg&%, l@[é fa@t@rn%r}fﬁl%lmay be
deteriorated as compared with the case in which the resist is processed by dry exposure; if
more than 50 mol%, the immersion liquid swells the top coat and an optical image may be
adversely affected.
If the amount of recurring unit 111 is more than 90 mol%, solubility of the top coat

in an alkaline aqueous solution used as a developer is too low for the top coat to be
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di et hyl ene gl ycol diethyl ether, diethylene glyco

et hyl net hyl ether, propyl ene glycol nononethyl ether,

and propyl ene glycol nonoethyl ether; alkyl ether

acetates of 5 polyhydric al cohol such as ethyl ene

gl ycol ethyl ether acetate, diethylene glycol ethyl

et her acetate, propylene glycol ethyl ether acetate,
remaved. pTbpydseine nglyyeohinrmmrorasttypdtternetiive deat@inatng;

aromati ¢ hydrocarbons such as tol uene and xyl ene;

ketlimespsiycir aSthapesanenventiet by besgrhgdrek by polgmenreingyl

i sobutyl ketone, cycl ohexanone, ) o )
mixduhginosxymets thet eapl prodyse saeinaiiks abwiel reglEbEtUaHe Insd oapodpriate

esters such as ethyl acetate, 10 buty| acetate, ethyl
solventp dreoxpprneppoheitaen tragseqyagent, as required, using a radical

2- hydr oxy- 2- et hyl pr opi onat e, et hyl
polymasizationipitiatefet hyl pr opi onate, ethyl ethoxyacetate,

4 M@[@ﬂ%ﬁ%ﬁg wEhEn berfpr the polymerization, alcohols
Suc kOSSO B hATEC R SR RIE o ot Moy B G OrdpUErdifyeor
siedgr 95 B0 PR Ieaisolonare e Er e bRt g,
BB SR P GBS S
ethyg&}ng[%ﬁf&g F%@ﬁ%tﬂilgﬁftﬁér?&we%?gl é)’f"d%%tgﬁlse%}berpm%ﬁ&)glQfeh%%cﬁldiethyl

vents. ret

ethei%éfﬁﬂ%n&%?écﬁﬁ?cﬁl%ﬁféltmth_eﬁ WeehhAhe QTR ABnOdth cther, diethylene

phot or esi film intermxingwth the top coat, and

glydo@intetig et \iidhg) ledel sHed] QicBA BMBE dReH B A bI @Ry1afethyl ether,
resol uti on performance of the photoresist. 20 A

pro;%%rfeacﬂjf@{[‘hl&aﬁlebﬁ} ehenaetprbyiend BgcslafoReyl &fer; alkyl ether
conposition of the present iInvention in order to

aceta R bEPSIgh ARl diadbl duchys cthgfepamiiebl éthyl, etheeuedthtagdiethylene
properties, and the |I|ike. As the surfactant,

glycod et ethal deytasey pidpgkehe glycoloathyl etleontaatni and psepylaetgdyos
such as BM 1000, BM 1100 (nmanufactured by BM Chen e),

morivingealisd ethel 4abyte; prg@atiFyiBocarhong 3uclp® tolwamrdnalotenedkgsgnes
Dai ni ppon Ink and Chemcals, Inc.), Fluorad FC- 135,

suclF@ &700e, IBGhyBohy!ketargimetrhias gyl ketanebyycRgkansis 3M
Ltd.), Surflon 5-112, S$-113, 5-131, S 141, S-145

4-hydypmif-aestiyl 2dpenyamean andidiacgtopg alcoheplgesters spghagmpy! acetate,
SH 190, SH 193 22 S7Z-6032, SFE-8428 (panufactured b

butﬁap%tat-emwlc%;Pydrﬂ@vpswm%ﬁén%ﬁ?-'ﬂ_x 96!‘2'5‘??th?1|?\18${1-0th3: dinyl
(pranuf act ured by NEOS Co., Ltd.); rciall

2 bR aoRe P gernA: Frdeethprsik oot e B ey,

2-h¥|}ﬁ8xy7—? Héer[ﬁﬂﬁtgt%m g, Elgettgy%f ééﬁ&%é}‘?’%g&g&gﬁ%@y& ?—O me*:h&%%rg ﬁionate,
e ARV B POHGE SR R LR B4 Pl o
ethe%, l%ﬁi))l é%gnls%k?lpglﬁﬁérji@alcohoi, alkyl ether acetates of polyhydric alcohol,
ketones, and esters are preferable.

As the polymerization catalyst in the radical copolymerization, common radical
polymerization initiators can be used. As examples, azo compounds such as

2,2’-azobisisobutyronitrile, 2,2’-azobis-(2-methylmethyl propionate),
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The top coating conposition of the present invention
is applied onto a photoresist filmfor formng
patterns by exposure to radiation. The conposition is
particularly wuseful as a top coating conposition for
[iquid imersion. An exanple of using the 10
conposition of the present invention as a top coating
2.2’ cnopes gidmefhgivalaropiirde), amer sion will now be
described. In the step of form ng a photoresist film
2,2y obipift yatigostyrz d piohdv dsiositritey cagaubptrpsitie suchasdiehiaybn
waf er, an al um num coated wafer, or the |like maybe
peraxsded laagowl herosidestertatugy! perpxypivalate, ed bri ng out the
potential of the resist filmto the nmaxi num extent, an
1,1 rigénitbubhperexy)noiefwrnes; Ardioget peexidernngd thadlrpgantye given.
formed on the substrate as disclosed in JP-B-6-12452,
Whergpsingapgipaide oh diepded pebinar zad@yin e oo roddping agen may be
[imted, and may be appropriately selected according
Comtbéj‘efiﬁ%g%ﬂ’r%ﬁ%‘@x‘&‘?et‘ﬂ’é‘a sist. As an exanple of the
iV

s Hob e RO Mgy o
S L L N O T AT

hou articularly preferable. In the chemcally-anplified
ositive-tone resist, an acid-dissociable organic
ar i (c) i : He,Qfe, @N
O R DRI, TSRt BN BBE AT AL o,

abbleQiabldUE Ay o?@[eit{‘ggbflg{r&{: OY4Rined A the BXAToBy medSAtib LS MEdnined

the exposed “port the resist exhibit's increased

by g2PpatRichiiby chrBmdidedhlik@ub e feRvEO@P@I108Mdo] Sreferably from
di ssol ved in and renoved by an al kal i ne devel oper,

2, 50881560 2andiAsietpraferabBNeo th 8H(Btto Rafober f Mev ebihaicopslymer is
The photoresist filmis formed by dissolving a resin

lessftigun X @OYkdlgerit hesi ot ouchsis Stater 2&sidtal cdahd meohanfiat popedieeas a
solvent to a solid content of 0.1 to 20 wt% for

top exaaisindulyflowt elfiving ekdved s bIURG0p poltbifiguig thedl aferdeseribed $divents
a pore size of about 30 nm for exanple, to obtain a

is undagy &tw. Thelratid afifyIwap pheypalgstykee-reslscet nodienaieage wokgcular
substrate using an appropriate coating nmethod such as

weiglgt(hereioafier reteancid g as st debamineg, byatel pohleateethiragatogrighy
prebakiqg ghereinafter 5 abbrevi ated as "PB"% t he

(GP4p Myl @& thetcopalymer Brivstd ispatli toi5z and prefesdily Bap 1 fond.
this case commerci ally avail abl e resist. sol.ution

maylt @@r%f§é@afaeé§ati the abeyg CopRIPMEFs PN MO8t HBIPUEHES Bigh as
g B 5 LR 1B ESBLL 0 o
erofiFRaY eGP e RCHBC ut Y Tk R Bk e bigos S on
conff Rl eor b BlBaT R S RE S PR bR hhsgen o
was‘hﬂ% Wi of I;?cﬁxid—liquid extraction or a combination of the chemical
purification method and a physical purification method such as ultrafiltration or
centrifugation. The copolymer of the present invention can be used as the resin
component of a top coating composition either individually or in combination of two or

more.
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projection aligner frombeing polluted with conponents
eluted fromthe photoresist film In this instance,
the closer the thickness of the top coat to an
ani sopl oid of ?/am (wherein k is the wavel ength of
radiation and in is the refractive index of the top
coat), the greater the antireflection effect on the
upperths salecrs usddaa @impdnentrofshestop fcbdtimg cbmpbkieoebbthe present
it is preferable to bring the thickness of the top
inventat, acdobeet thet dahnidsssulvle wies abome-nidn€oprdeentynienvethbiaimpairing
ei ther prebaking after the application of the resist
the igbbgraplain perfornpaks nfthafcbmposihen by b1 exatmipbn cofsingetetoping
coating conposition solution may be omitted for
withsd pipttorshistyfilof whereanplied és e phptordsist Filsg can be used.
pattern-form ng step, a resist pattern is forned by
ap Alsysughya ﬁ@lﬁﬁlﬁt sabyentigclugdingreonofisdisg dsohals ¢an be gayea t ﬁé
p coat using water as a nedium for. exanp throu
exarap eﬁaéwcha\ﬁplvgma n@ﬁ@eplr Paplt %-@quan?lolspmer@w pfopano

nbwﬁ PR i i Sl .é%a&ﬁglaﬁtyée%?aapf?maw
cyclpfeied 952@@%%5”'@3 et Bl ~aBel TR
3- mstznﬂl—\?%ﬁ atgtsf ‘]g‘%}éfl:er EI% quflli ?Zt hreatangIS 2t ué%iéycr;l()}a%entéloi

3 mAt%Prf Ip%eﬁt%%lag' oe?h)}fsze enftﬂlrol%hx%eﬂh - - ht%‘oll htn%?}gﬂ qp&;ﬁtanol

ati1 o~ suc VISIble

4 m%{h{yfﬁ 'Qt]laﬁcsl ﬁ%ycﬁméﬂ‘ngﬂa nﬁn&' 5g. cﬁﬂlgth;eh'daﬁm&ar

rays su an excil | aser |ight;

2,4- %m‘ie@%ﬁ PHGRaRS 5. H&Wtﬁ’}kfﬁﬁeﬁtﬁ@l aL L3 @Qﬂax‘ﬁﬂ ar-ggfanol,

particle rays $uch as el ectron beams may be

2-h&pRARE LD Aol 20ERGCRLEkAB], 20mEMRGL-PNet H10E SLsbthfi-| Mexanol,
used and  theé conbination of the photoresi st film and

5-mbihg]-L-ORx 4RAL2-Ethyl- i -FeRins|, anmbthy hDgempivL, 6-hithyl-2-heptanol,

particular, it 1Is preferable to use light froman ArF
l-o@x@il rRocthds 6F-o étwanl £2-pnglyh 1 -pk8EnolnP, 4pt-trintetay K- fengacol, mer

| aser (wavel ength: 248 nnm). It is preferable to
2,6-|d‘emeftbylm-pmanoeﬂpahulr;ezmmgl pdnganel, NafidanenolaBlmorarioht ed

as "PEB") in order to provide the reS|st filmwth

.5, Pripmethet 1 heswioltl-desangat decanop dedachm)], 3, demétbylabpftargl, and

and the like. The baking tenperature is usually about
3,7-gonatby|Zooeandsen bpgweerably 50 to 150C, al though the

baki ng tenperature is appropriately adjusted 10
acchr esegnenehy e pleahaly, mpe ycgrfdal@cﬁ@?a Aawgwa 4rieed carbon atoms

are B RAERERD O PGP ¢ DEL T SaeRasr gt “Sfiﬁgt?afwﬂafyw HeRHRLe
t t dd
doi Shhépligt 3\%35 53 e bhhodreRet fBp SR Teherghen the above

sobERE eBvebshERT S mi oL A T BRI Pt e DR fhe™
solRh&3EN ar{ Me%?'éf %hly applying the top coat without eroding the photoresist
film.

As examples of the other solvents, polyhydric alcohols such as ethylene glycol
and propylene glycol; cyclic ethers such as tetrahydrofuran and dioxane; alkyl ethers of

polyhydric alcohol such as ethylene glycol monomethyl ether, ethylene glycol monoethyl
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15 As exanples of the devel oper used for formng the
resist pattern in the present invention, alkaline
aqueous sol utions prepared by dissolving al kal i ne
conmpounds such as sodi um hydroxi de, potassium
hydr oxi de, sodi um carbonate, sodiumsilicate, sodium
netasilicate, ammoni a, ethylam ne, n-propylam ne,

ethefliegttyiytle @iy dob dinthithyl <fifeq pytivdemicngycol tiethat bybadietigrlene glycol
met hyl di et hyl am ne, di net hyl et hanol am ne,

monbhiedtyh athet, dieitndene20ydod trommethydtbernaiethylend glycolxdiohethy! ether,
t et raet hyl ammoni um hydr oxi de, pyrrol e, piperidine,

dietigherd giggol Hjcghyd ictiey liatiyd e g15c A eﬂi]ylrvetbwoﬁhﬁé,rwolbﬁﬁ@b glycol
1, 5-di azabi cycl o- &4 3.0]-5-nonane can_ be given.

morapysthyp eihat, end powrtene lysohmerrethsd ethsr allod ghas @ce%ts\nf nt
such as al cohols including nethanol and ethanol or a

polyépddiaelealn! sedmsehvdengedyod cthybetienase@fe ficthyfrag glycol ethyl
devel oped u5|n the e, al kal i ne aqueous, sol uti on, the

cther acsiaje, FPPYIPIe Aol &l {etipisatetatant fﬁpr%l%giéﬁo lapengmating
devel opnent ES 25 Exa les It

eth eéa?ﬁbﬁé?aﬁ?%tméWEﬁAF&?@ i SghaS G HLF ok BT RbE Fane
et g eBe. Sa A E N SFOLRENE BP0l ymer s vere
BB SR AL BRI PO RIR L 201 h‘y‘:hfgpgbl 388
el PR RS i o
e i 0 OB
2-hyBHREE Al dihFbutdate, Sicand @[ﬂethgfﬁ&@ﬂ&?&te By 8 Inddthoxypropionate,

monodi sper'sed pol ystyrene Proportions of ‘the recurring

ethyi‘ Blettl%ﬂyﬁrdpﬁtﬁla&oﬁl&l MERK B3 \BBHoRy prepRuki@daddywd&an e gN¥R.  Of
he nononers used for the synthesis of the copol yners

thes@r chbeersi flkyihgher§ of paiyikyagicfatooiul, aky( 8thdr) acktates ME polyhydric
(S-1) to (S-4). 26 Cb Clb Cub (Ib CH3 | I CHz=C
alcoﬁbﬁk&oﬁéslaﬁé}s,(addz\wﬁer@de preferell® C=0 C=0 ('=0 C=0 0 OO
HOO O - CHs 012 (M 4)

The amount of the other solvents is 30 wt% or less, and preferably 20 wt% or less
of the total amount of the solvents. If more than 30 wt%, the solvent causes problems
such as erosion of a photoresist film, intermixing with the top coat, and the like, giving
rise to extreme deterioration of resolution performance of the photoresist.

A surfactant can be blended with the top coating composition of the present
invention in order to increase applicability, defoamability, leveling properties, and the
like.

As the surfactant, commercially available fluorine-containing surfactants such as
BM-1000, BM-1100 (manufactured by BM Chemie), Megafac F142D, F172, F173, F183
(manufactured by Dainippon Ink and Chemieals, Inc.), Fluorad FC-135, FC-170C,
FC-430, FC-431 {manufactured by Sumitomo 3M, Ltd.), Surflon S-112, §-113, S-131,

S-141, S-145 (manufactured by Asahi Glass Co., Ltd.), SH-28PA, SH-190, SH-193,

22




10

15

20

25

/| CHz CHa oil AH G CF3 CU2 110 CF, \ -CF3 0=5=0
(M5) ( (MOt10 (:F3 C® (M2) (M3) (113 (7b ('11,
C CH =C CH, =CH 01z=01 C1b=Cl1 CH,=01 ¢ NN N Nc C=0 C=0
C=0 C=0 50311 H OOCU3 00 (S-1) SUW311 ~CH3 (S 2)
CH cHz cu, H CF3 (M6) (M7) (M8) (!,Fzz (M9)
CH3 Clb C113 CHz=CH (112-Cl11 c Cliz=(\ dIlz=(\ C=0
SZ-60B2Z SERY28 (manulidtred by FOragatw Clobrifis BlliRofe Co QL8008 bid
CH 11;00 ~)O Hac (8-3) S@31l 0 ,, (S-4) 0 (M10)
NBXAVE Tpnddbtbz)d by NEOS Co., Ltd.); commercially available fluorine-free
surfactants such as Polyflow No. 75 (manufactured by Kyoeisha Chemical Co., Ltd.); and
the like can be given.

The amount of surfactants to be added is preferably 5 parts by weight or less for
100 parts by weight of the alkali-soluble resin.

The top coating composition of the present invention is applied onto a photoresist
film for forming patterns by exposure to radiation. The composition is particularly
useful as a top coating composition for liquid immersion. An example of using the
composition of the present invention as a top coating composition for liquid immersion
will now be described.

In the step of forming a photoresist film by applying the photoresist to a substrate,
a silicon wafer, an aluminum-coated wafer, or the like may be used as the substrate. In
order to bring out the potential of the resist film to the maximum extent, an organic or
inorganic antireflection film may be formed on the substrate as disclosed in
JP-B-6-12452, for example.

The photoresist used is not particularly limited, and may be appropriately selected
according to the purpose of the resist. As an example of the resist, a positive-tone or
negative-tone chemically-amplified resist containing an acid generator can be given.

When the top coat of the present invention is used, a positive-tone resist 1s
particularly preferable. In the chemically-amplified positive-tone resist, an
acid-dissociable organic group in the polymer dissociates by the action of an acid
generated from the acid generator upon exposure to produce a carboxyl group, for
example. As a result, the exposed portion of the resist exhibits increased solubility in an
alkaline developer and is dissolved in and removed by an alkaline developer, whereby a

positive-tone resist pattern is obtained.

The photoresist film is formed by dissolving a resin for forming the photoresist
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G, CF3 CH3 I Cl1z=C d1z=C Cl11i=C C=0 CO =C=0
D(:F3 HOO (M13) (M14) (M15) Anobng the above
nononers, the nononers of the formulas (M1) and (M 2)
5 produce the recurring unit IA the nononer of the
formula (M3) produces the recurring 27 unit IB, the
mononer of the formula (M4) produces the recurring
filmunah apfoptidie sstoerane a solidfortdre of O o RAsvi{Sidr)exhmpleSfiddring
produce the recurring unit 1, and the nonomers of the
the dobrtivnlteugihh B)ertvoit{ Mpdrd sizpobahowe3 @ i, foe exeannpledo abiiain a resist
I1l. The nononer sol utions were prepared by dissolving
solutromapplysngohe rdvest saditgdrt to5: wosirate pongl ki gprropmade voatingwrethod
in Table I and 2,2‘-azobis-%2 met hyl met hyl pr opi onat e)
sucheas roaiﬁonaiicvatmgorsast pORWE, ¢ ol cpaibies aphpishakimheetadnadier
anount of nmononers prepared was. adjusted to 100
abbrgviagdps §BB”}ﬁhe epples- rﬁ%@ks@[yltlpp ggkolétqlmeﬁb@gplwrg h lg this case, a
t hernpnet er. and. a dropping. funnel, was charged with
compperiyfotvailatlpr Ao iah map iF g Hith ni t r ogen for 30

e 0 The content of the fla eated to
BodeRip ot kA ﬁ@om%qah@n the ri%a?%?s s flp pipg e i
Monoer SOI' ut r %% 1 C Sl g%e n nvention
COMEPHPPT HY™F usr‘?ﬁé}i’p ing @868 ‘{éo Ot“H’é’ ‘PPa? d%?‘ésre Ts‘
ontc{},ﬁ? ggotﬁf%gt £ trdrr% %ned @éju%:n R Raing t oee com X()ts#{o%f\é%% r ﬁlﬁﬁlts ggp, RE top

coat] ;??orrﬁ@f u??]td%% N &Qte@t tﬁQBH%gtxg%irst 594 Hd t%gare\!eﬂt L “r‘er@%‘?{ige

I SOpropan O
€
o g RS SRS 0 R ol i

gf8 E—ﬁﬂ?ﬁﬁﬁné‘e @}ﬂ-;dc she t%QHQl(HéE@ bf ﬁ'/ét&)p @aat &f a xfaﬁﬁ'@%hcﬁ‘d &Bi/4m
[ Table 1 ro
(whéregl msAhé/\(!vﬁlveYei@,tN\éNaHlaQoQ aﬁd 91113 /@hé%ﬁjaéfn@ index of the top coat),
the greater the antireflection effect on the upper side surface of the resist film.
Therefore, it is preferable to bring the thickness of the top coat close to this value. In
the present invention, either prebaking after the application of the resist solution or
baking after the application of the top coating composition solution may be omitted for
simplicity of the process.

In the resist pattern-forming step, a resist pattern is formed by applying radiation
to the photoresist film and the top coat using water as a medium, for example, through a
mask having a specific pattern, followed by developing, wherein exposure to radiation is
performed by the immersion lithography, followed by baking at a prescribed temperature
and development.

It is possible to adjust the pH of water filled between the photoresist film and the
top coat. A particularly preferable liquid medium is pure water.

As the radiation used for the immersion lithography, various types of radiation

such as visible light; uitraviolet rays such as g-line and i-line; far ultraviolet rays such as
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It is preferable to perform post exposure baking (hereinafter abbreviated as
“PEBR™) in order to provide the resist film with improved resolution, pattern profile,
developability, and the like. The baking temperature is usually about 30 to 200°C, and
preferably 50 to 150°C, although the baking temperature is appropriately adjusted
according to the resist used and the like.

The photoresist film is then developed using a developer and washed to form a
desired resist pattern. In this case, it is not necessary to add a step of delaminating the
top coat. The top coat can be completely removed during development or washing after
the development. This is an important feature of the present invention.

As examples of the developer used for forming the resist pattern in the present
invention, alkaline aqueous solutions prepared by dissolving alkaline compounds such as
sodium hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, sodium
metasilicate, ammonia, ethylamine, n-propylamine, diethylamine, di-n-propylamine,
triethylamine, methyldiethylamine, dimethylethanolamine, triethanolamine,
tetramethylammonium hydroxide, tetraethylammonium hydroxide, pyrrole, piperidine,
choline, 1,8-diazabicyclo-[5.4.0]-7-undecene, and 1,5-diazabicyclo-[4.3.0]-5-nonane can
be given. An appropriate amount of a water-soluble organic solvent such as alcohols
including methanol and ethanol or a surfactant can be added to the developer. When
developed using these alkaline aqueous solution, the resist film is usually washed with

water after the development.

EXAMPLES
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chramatography)( GPC)-using GPCAcaumna(A2R Oy W @y WIRORH W N« b N

N NH "g NAWNYOWOJgNAWNHOb OJ&A@I
“G4000 Hx 7 x 1, manufactured by Tosoh Corp.) i a high performance GPC apparatus
(“HLC-8120” manufactured by Tosoh Corp.) under the following conditions. Flow rate:
1.0 ml/minute, eluate: tetrahydrofuran, column temperature: 40°C, standard reference
material: monodispersed polystyrene

Proportions of the recurring units in the copolymers were measured by e

NMR.

The monomers used for the synthesis of the copolymers are shown in the

following formulas (M-1) to (M-15) and (S-1) to (S-4).
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Among the above monomers, the monomers of the formulas (M-1) and (M-2)

produce the recurring unit IA, the monomer of the formula (M-3) produces the recurring

5
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n rn Anong the resulting copolyners, the
unit PRShe moeaihsrestthatetimot (M-}) pasuepphd redurtiog uB0 1€ hbe monomers
copol yners of Exanple Ito Exanple 12 (A1 to A-12) and
of the Hernoudgeo]Sy e $S-@) provenbk eecdringuriikbdpldehd Gopdmrs4f the
A-46), and the post-treatnment nethod (2) was applied
formudast(Ve S cogdi-y ieprodede thx easptrnga@ittly. Exanpl e 22 (A-13 to
A- 22%{T and the copolyners (C-1) and (C 2) of ]
Conpl mpnemerBohiiohe wereTepaes by dissdying mongererodhy wyight
5 and (2) are as fol|ows. Post-treatment method (1)
correend{py tremeldpiopmen Ieblediand ge weplis-consEaaethy propignyge) as
.and transferred to a i_‘ﬁpar qti ng fufﬂtgel t oget her vviC{h
an ipgoyin00meliznpsrPaaAl 1 he bt griTholHap MenemerppEepared was
. m xt U{e was sufficiently stirred to separate the | ower
adjuptgd 19 100 separated | ower |ayer 10 was mixed with 200

0, O (NS 3% 590 e AL RNG PO B P
funng 5t S U Lo O S o TRE b S R AR Rt
o SETRRTEH, SRISENYEARH Bloo Oyl pampL Syl MDD e
R e
flask over 3 hours. After the addition, the mixture was reacted for three hours, then
allowed to cool to 30°C or less, thereby obtaining a copolymer solution.

In the above experiments, a mixture of 90 g of isopropanol and 10 g of water was

used instead of 100 g of isopropanol as the solvent for synthesizing the copolymer (A-4)

of Example 4 and the copolymer (A~16) of Example 16
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Among the resulting copolymers, the post-treatment method (1) was applied to
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copdyBkrsiCol) and (C-2) of Comparative Examples. The post-treatment methods (1)

and (2) are as follows.

Post-treatment method (1)

The above copolymer solutions were condensed to 200 g and transferred to a
separating funnel together with 200 g of methanol and 1,600 g of n-heptane. The
mixture was sufficiently stirred to separate the lower layer. The separated lower layer
was mixed with 200 g of methanol and 1,600 g of n-heptane and the mixture was
transferred to a separating funnel to separate the lower layer. The solvent in the resulting
lower layer was replaced with 4-methyl-2-pentanol. The solid component concentration
of the sample of which the solvent was replaced was calculated from the weight of the
residue when 0.3 g of resin solutions placed on an aluminum pan was heated on a hot
plate at 140°C for two hours. The calculated value was used for preparation of top coat
solutions and calculation of yields in the subsequent experiments. Mw, Mw/Mn
(molecular weight dispersion), yield (wt%), and ratios of recurring units in the
copolymers were determined. The results are shown in Table 2
Post-treatment method (2}

The above copolymer solutions were dropped to 3,000 g of n-heptane over 20
minutes with stirring, followed by continued stirring for one hour.  The resulting slurry
solution was filtered through a Buchner funnel to obtain a white powder, to which 600 g
of n-heptane was added and the mixture was stirred to prepare a sturry solution.  The
slurry solution was again filtered through a Buchner funnel.  The resulting powder
was dried in a vacuum drier at 50°C for 24 hours. Mw, Mw/Mn (molecular weight

dispersion), yield (wi%), and ratios of recurring units in the copolymers were

determined. The results are shown in Table 2.
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10 The results are shown in Table 3. Conparative
Exanple 5 is shown as a reference exanple, in which
patterni ng was eval uated wi thout using a top coat. (1)
Eval uation nethod of solubility (Solubility) For
eval uating conpositions in Exanples 47 to 92 and
Conparative Exanples 3 to 5, 1 g of the copolyners
Exatnpid 4830 P2 and€ofmprratineEkapplendtsSwer e added to 99 g of
the 15 solvents shown in Table 3 and the m xtures were
st i Toedoaing tOMpoprvnssionfqed immesiaoneas proteredfusingtthe ee
hours. The copol ynmers obtained in Exanples 1 to 12
copelgmersudeainesf indhe alpvgiengmpelne  Sopshiprbews 1 Tablohsver added to
100C for 24 hours to a saolid state. In the eval uation
copelymebisdidy seawminckabls hig makircriste Abdsold sarthe solygntief 4 2 99 g
solvent was eval uated to have, goo sol ubjlity and .
Aftgr shrrggcfagtveshoues (t)laa-rplxélﬁas ge@@ﬁ%rvﬂ@fo%p @éh@r ﬁ@th a pore size of

oS S B T AR B

" " 2), Eval uat,i t had of t t bi,l it
sempligiapan i oo oot RE s Br SR BBIREA bbby

.eight-inch silicon wafers using "CLEAN TRACK ACTS"
Welei?‘f’anuf actured by Tokyo Electron, Ltd.) and baked at

90 60 .. . ' .t [

e R T
N e

upj TV, Qe B0aS @ SOMES: 4HiaNtEkop CGHEAN TRACK
exa:z%f_f_asﬁn?@?l‘? %t seclrj‘l%ndas, Vt h%t waf er s \/\/efg:ewtg?iced by

(1) BRIIRRIAIndtRoPbERIRIF4SbI0BilEYr f aces. | f devel opnent
was conplete with no residues being observed, the

r enpyadialiatiyie bespdid@edn ERabples B odY2 ald CoampasidUexanases 3
observed, the renovability was judged to be "Bad".
to 5( B) oEvtal deabivaterameet asrasfnsifot e mpxioats wérntédeditz 98 g)ofBhe
"ArF AR1221J" manufactured by JSR Corp. was
solvepisshowaietabdn3 and tieghiktureschere stitred anl ORaperuswigi acthregasie
previ ously subjected to an HVDS treatnment (100C, 60
moteefiotitsy howrThd hesapdlnpereabtpnebiakbdmpis)] tor 2avdietsed after
plate at 90C for 60 seconds to obtain a filmwith a .
dryipe dhecaoipblyener koletionses 19BO0TonA hournie asehd sigter  In the evaluation, a
conmposition for liquid imersion was spin-coated on
copplyEien BIFECINE P APERECISPEH BIEHIC(VHIE) 2 salvah ¢ap SYaI%eifé?c‘@ﬁa good
with a thickness .of

sollty gé‘gjni“gii‘i%r?ﬁ%gsq%éég’faﬁf‘éét"@ﬁdéﬁ‘@bpft" R GapafspRsrhmaisser
o L G A T R ARy

o B PTRRb AR BB LRGSR 5, o0 e

2. 3%%’6 -Egﬂr?}‘lﬁlosefﬁ&esovyg're spin-coated on eight-inch silicon wafers using “CLEAN

TRACK ACTS” (manufactured by Tokyo Electron, Ltd.) and baked at 90°C for 60
seconds to form coatings with a thickness of 32 nm.  The thickness was measured by
using “Ramda Ace VM-90” (Dainippon Screen Mfg. Co., Ltd.). After paddie
development (developer: 2.38% aqueous solution of TMAH) for 60 seconds using

“CLEAN TRACK ACTS®” for 60 seconds, the wafers were dried by spinning to observe
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solution was used as a devel oper in the devel opnent
step. Although the coating for 15 liquid i mrersion was
renoved by the devel opnent step, the resist coating
filmwhich was not exposed renmained as is. The
coating thickness was neasured by using "Randa Ace
VM 90" (Dai ni ppon Screen Mg. Co., Ltd.) before and
the afrfaess. t b velbppenthWastdoepl@s indth nofredidudsbeoigrbdsavehalnge
was not nore than 0.5% interm xi ng between the resi st
remcasilitngvasfudgadl ambke tGeod’oplfeoedidifeoras abgerived, ithensivelnlity was
was judged not to occur and rated as "Good", 20 and if
judgeti¢o bbdBgE. was greater than 0.5% the eval uation
result was rated as "Bad". (4) Stability evaluation
(3) Baluasiongerihodonpeshixingn(Iftermixingdi d i nmrersi on in water
(Water  Resi st”ancega'A coat | r}g (thicknesses : 30 nm of
t he “AgpARIAE1IE sy Bictureshby &YX CogumEs shieodied an apgight-inch
__formed by spin-caoating and prebake PB) at 90C for 60
silicgB iU SV IBH WS EYRESY ﬁéuect%gtowmﬁ#tm?wt U&Ofcf’ée@&fﬂ%oﬂdsl

Th%ﬁfggtgﬁgh\&éépqg%isg flé@sc%w?ﬂglzﬂtgﬁ?d%;?‘éf fcrvr%‘&%?#ﬁ?%f SR i with
AN T ACT 8" .. SPikN=.dr.yi. i
: pf%%cgégdL E’Sﬁhﬂﬁgﬁ?@@cod 45 RSP LT Fon v

. 3 i Mo .
oS a2 P
i Ul =S G000 08 SR b o
nozB{ ‘%L@Aﬁ%R%%’% pgz;ﬁé%} b9 BeRhid L A 1Rl Y Spin-@ry Gt 4,000

eval uati on net atterni ng of a resist usi ng thnhe

rprBBPYE sdBRICARIpalidle dECS6phBRASRRITINo AT dsGbr $PEbAE Bing the
coating with a thickness of 77 nm (after PB at 205C

“CIIEHN GRACIE AQNISS) thdfb ) Gerdhilg BRItbp¥edt. 18D 13894 TIIAH aqueous
preventing film"ARC29A" (manufactured by Brewer

soluboh ene @sed G develdpaninehglidvelopetensitep. c dthoagiethelyatbry for
coating, patterns were 10 produced using "ArF AR1244]J"
liqu{diannéraioh wa delhyveli3R, thE€deyrlgpmeérh atep ARE Ptk Lodtin Ml mwitiibh
a thickness of 205 nm was prepared by spin coating and
wasPBt £41806) redtuisdeonds JThe chbalngohislindsy wae measnged breutiog ‘Ramda
coat by spin coating and PB (90C, 60 seconds) to ]
AceotiviaP® @airdprani Sryeam MFe. &£ ot Hitd R hetose ofd iz fing stipx i the resist
after exgosure under the conditions of NA of 0.78, .
filmgthighaessfchansgsvasaied mprathan A. s ipgr aiFingretpees the fesisheoating
al i gner "S306C' (Ni.kon Corp.), 15 ultrapure tgm%sood”,

film g1jddhe kp oat o7 HAGIURMSFSIon AT MAERENG 9 SFP@s apg rat
and 3 15 CHRTGE P er e 1\ E SO CvHE Ot S LES. PHEn
(4) S%Bili%ﬁt Z a%—i%gp tBop(c]E)%tO {%mpgo%iti%% or lqc? id ?nrllm%rhmeonhlgtwa?elr%/\%ter
Resistance}
A coating (thicknesses : 30 nm) of the top coat composition for liquid immersion
was formed by spin-coating and prebaked (PB) at 90°C for 60 seconds on an eight-inch
silicon wafer to measure the thickness by using “Ramda Ace VM-90”. Ultrapure water

was injected onto the wafer from rinse nozzles of “CLEAN TRACK ACTS8”, followed by

spin-drying at 4,000 rpm for 15 seconds. The thickness of this substrate was measured
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ACT 8", devel oped (60 seconds) using LD nozzles of the
"CLEAN TRACK ACT 8", rinsed with ultrapure water, and
spin-dried by swinging at 4,000 rpmfor 15 seconds. 20
90 nmline-and-space patterns were observed using a
scanni ng el ectron mcroscope ("S-9360"manufactured by
Hi tachi H gh-Tech Fielding Corporation) to determ ne
agaif eé¥pesticendoseofadecwhsacin thhthidkinae wasdt 3owades9O0f thminitial
(opti mum exposure dose). The mninmumli ne-and-space
thicldiens tisd @ntinese$ rddedio tdmabdpandemaivasgdds be EGdods andi be
taken as the resolution. The results are shown in
“Badahner@than38s.0ss- secti onal 25 configuration of a
| i ne- and-space pattern with a line width of 90 nm was
(5) Babetipaaf patErgngé 1 shows the cross-sectional
conflguratlon of the |ine-and-space pattern. A line,
wi dihe erlyaiiop methrdainstteming Ckfé‘tfﬁgﬁtﬁlséladhe AP APR FRYL is
romed on a substrate 1 and a line 36 wdth La on the
de“ﬁ%ﬁﬁpdﬁﬁrt of the coating were neasured The

2 ee %ﬁ'g?{w“a%ﬁge it §EE R of 77 BHTOHRY B g R b

“ﬂ@a&ﬁ% D w?‘@ﬁ“f?f'fim?%it%é df\‘?@g&%@%‘f&c ety
Brewer @mence rﬂ%a?gg an eﬁﬁgﬁ%ﬁ% hcoh Ivmf bggp%l(%%gg g)gﬁgmgtfveépOS

pr epare coa secon

proqﬁ%g’d ﬁéfgg e&ltPeﬂRi?MtJh%F%;ﬁﬁ%f@lteh‘B J@fz @?ﬁa er@hmm@’umm

a top coat val'uation’ o atterning 2

witheY A Uatds O 208 hROJa OfrepRED BY E}hﬂgoﬁfng%nﬁw @0‘@'9@%6@3?1@5)

above top coat is 10 described below Af formng a

folld%@ei‘itﬂ rinlehh@tdphiogkinestn 8dating andpBabuer 6B &@nd%Q5 Gbtain a

0 seconds) using an underl ayer reflection

coatﬁfg&)l@lﬂh kiekfekd 60 32AME2 Dhxt (dTRA bE@shenedetie cBIENE@Ts of NA of
Science, Inc.) on an eight-inch silicon wafer by spin

0.78; siginarnd 0. 8p adrdey’h Anwasieg ap HoF pagettius hhignet ABFOARIBEXN 'Corp.),
(manuf actured by JSR, Corp.). The "AR1682J" film 15
ultrapiutdwatet Wacikjrerwd oofo tROwafemivvasripeeparletbCLENMMTRACK ACT
coating and PB (110C, 90 seconds), followed by
8” forthicagndshisllowpd bpapinbirywgiah 4,061Hm gorakiaseP@ids 9 Glhe sDstrate
seconds) to obtain a coating with a thickness of 32
st elecda PEP 43365 ccaondronithehaliets of GrisE oM TAGK
0.78, signma 0 85, and 2/3 Ann using an ArF .
AC 35 deeeIpi GDisaie ST TORIRH Ly RN Uaes
ter mas injected onto the wafer fromrinse n es
rinsgs} Wil P LRRUTRAER, ARSI dgied P PWBEIEAL S99 TPGPY OBfiﬁ
SpIB Lng t 4, OO lgmfor 15 %ecoQQS The substrate
? eStPf“éedpat EEFTE PRBE CGE ST SANLYE BT HE

m:croscop% (%53 86”manu%.%mrem q—‘htacm High-Tech Fielding Corporation) to
determine a exposure dose at which the line width was 90 nm (optimum exposure dose).
The minimum line-and-space dimension resolved by the optimum exposure dose was
taken as the resolution.  The results are shown in Table 3. A cross-sectional
configuration of a line-and-space pattern with a line width of 90 nm was observed.
Figure 1 shows the cross-sectional configuration of the line-and-space pattern. A line

width Lb in the middle of a pattern 2 on a coating formed on a substrate 1 and a line
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ACT 8", devel oped (60 seconds) by paddl e devel opnent
using LD nozzles of the "CLEAN TRACK ACT 8", rinsed
with ultrapure water, and spin-dried by sw nging at
4,000 rpmfor 15 seconds. 25 90 nm i ne-and- space
patterns were observed using a scanning el ectron
m croscope ("S-9360"manuf actured by Hi tachi Hi gh-Tech

widthilel cohi thgufiser pait af tlerdpating weetedasiee. aThxposiguatidosecat
which the Iine width was 90 nm (opti num exposure

judgdd serectdifgulirg wheniOrfuaT (LaeL@fics spacleweh sagsfsidoas “tapered”
resol ved by the opti mum exposure dose was taken as

whet flea-EbYbb 6. Dwas Hisfiedswt s “kaad-pshjecnd’| wharalaely/Lbrhé. 1
cross-sectional configuration of a 90 nm

was bitiseiednd- space pattern as shown in Fi gure 1 was
observed to neasure the |line wdth in the mddle
andln Ep@mnlﬁé VAR ﬁ@h“’t‘tﬁé‘ thisesss 98?@5 B Prgpares) by spin
coatin configurations were

coatingaat R ﬁ%p QAN &)gvaésulpﬁ%ted tOLtIB a@daém of pajteppiag without
sati sfi ed as "tapered" when (La- Lb)/Lb < 0.9 was

forming p &30 @3t and as " head- proj ected" when (La-Lb)/Lb >

atisf.ie In Exanmple 5, "ARI682J" filmwth a
(6)]%\f4#@&1%§§pg§er@5% nm pr epar ed by spin coating and PB

pat 185 TG o 35 PG o Egnf 1R Qe

I 9r N rmmmmmmmmmmlnmlnmmm
dESC%b%dX?qhB@ as.PO10m-I mmaWNNOIpOJ mma

bAEgngr@i@ a clzolaltlﬂgi; w&hﬁi t?nc%n%s @/f 77 ¥mX \;a?{er\i’g at‘jOSIQC ?orYéoY
secdﬁd%gl u%l\‘/n{g aﬁ LﬁﬂéNrTs%)}gf rl\elzﬂlsl\ét\icyf{ ISIV?I?H%IQ%@ “\IJ-\IK@Z'QA@’ (Walhlufﬁc@réd/by
Brewer Science, Inc.) on an eight-inch silicon wafer by spin coating, patterns were
produced using “ArF AR1682)” (manufactured by JSR, Corp.). The “AR1682J” film
with a thickness of 205 nm was prepared by spin coating and PB (110°C, 90 seconds),
followed by forming the top coat by spin coating and PB (90°C, 60 seconds) to obtain a
coating with a thickness of 32 nm. Next, after exposure under the conditions of NA of
0.78, sigma of 0.85, and 2/3 Ann using an ArF projection aligner “S306C” (Nikon Corp.},
ultrapure water was injected onto the wafer from rinse nozzles of “CLEAN TRACK ACT
8” for 60 seconds, followed by spin-drying at 4,000 rpm for 15 seconds. The substrate
was then subjected to PEB (110°C, 90 seconds) on the hot plate of “CLEAN TRACK
ACT 8, developed (60 seconds) by paddle development using LD nozzles of the
“CLEAN TRACK ACT 8”, rinsed with ultrapure water, and spin-dried by swinging at
4,000 rpm for 15 seconds.

90 nm line-and-space patterns were observed using a scanning electron

microscope (“S-9360”manufactured by Hitachi High-Tech Fielding Corporation) to

determine a exposure dose at which the line width was 90 nm {optimum exposure dose).
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In Example 5, “AR1682J” film with a thickness of 205 nm prepared by spin
coating and PB (110°C, 90 seconds) was subjected to the evaluation of patterning without

forming a top coat.
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semiconductor devices, which are expected to become more and more minute.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a line-and space pattern.
EXPLANATION OF REFERENCE NUMERALS AND SYMBOLS

1: asubstrate

2. apattern
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| NDUSTRI AL APPLI CABI LI TY Because the copol ynmer of the
present invention is dissolvable both in a solvent
cont ai ni ng a nonohydric al cohol and in an al kaline
devel oper, the conposition can be easily applied to a
photoresist film The tdp-&4Bdd which can protect a
lens and resist and 5 can forma resist pattern
excelling in resolution, developability, and the |ike
in_inmrersion |ithography, particularly. in i rsion

| i tthOGPRPHCUSIIRY ISR ?’éﬁeaééona? fﬁ%‘&?‘ﬂ&P“‘éi’ﬁ Sg%"‘e P& thegroup

consaly o e WOt (P Ty EQURBONB L b BV PR Pl B
recu%%%m% e%&dé%agﬁwnﬁgo@%wgg&%qmé [bg,t §tid alr(f):cuBrﬁlngE lanit
SRR AUl B AL RS BB e
i B B dp ool WEleh AheitifM et oefh &8P X1 e

hahi ng of a recurring unit having a
Chrognﬁag‘%%aé}ﬁ’o(\%rn’gy ttgﬁgéﬁ‘ggf)’l owing fornula (1), a 5

recurring unit having a group shown by the follow ng
formula (2), and a recurring unit having a carboxyl
group, and a recurring unit (Il) having a sulfo group,
t helcopol yner |havi ng a wei ght average nol ecul ar
Rhei Gt Rdet er mi A8 by gel perneation chromatography of
2,000 to 100 Q“Ob_,,_ -CR2 NI OHOSSOR3 (1) (2)
10 QHerein R’ apa in the formula (1) individually
represent a hydgogen atom an alkyl group having | to
4 carbon atons, or a fluoroal kyl group having 1 to 4
car(bon atons, (provided that at |east one of R and R2
is a fluoroal kyl group having Ito 4 carbon atons,

wherein R! and R? in the formula (1) individually represent a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a fluoroalkyl group having 1 to 4 carbon atoms,
provided that at least one of R' and R” is a fluoroalkyl group having I to 4 carbon atoms,

and R® in the formula (2) represents a fluoroalkyl group having 1 to 20 carbon atoms.

2. The copolymer according to claim I, wherein the monomer producing the

recurring unit (I1) having a sulfo group is a compound shown by the following formula

),
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15 and R3 in the formula (2) represents a fluoroal kyl
group having Ito 20 carbon atons. 2. The copol yner
according to claim11, wherein the nononer producing
the recurring unit (I1) having a sulfo group is a
conpound shown by the following formula (3), 20 42 R
CH2=C A (3) / B SCGBH wherein R represents a hydrogen
atom a nethyl group, a hydroxynethyl group, or a
triflué&ronmethyl group, A represents a single bond, a
carbonyl group, a carbonyloxy 5 group, an oxy carbonyl
gpgﬂﬁj'and B represents a single bond or a dival ent
organiéh groupghaving 1 to 20 carbon atonms. 3. The
copol yner according to claim1, wherein the recurring
unit having the group represented by the formula (1)
is shown by the following formula (la), 10 R ~Clh \~
C0 O¥BHF3C-C OH CF3 (1 a) wherein Ris the sane
as Rin the formula (3) and R4 represents a dival ent
hydr ocarbon group. 15 4. The copol ynmer according to
claim1, wherein the recurring unit having the 43

wherein R represents a hydrogen atom, a methyl group, a hydroxymethyl group, or a
trifluoromethyl group, A represents a single bond, a carbonyl group, a carbonyloxy
group, an oxy carbonyl group, and B represents a single bond or a divalent organic

group having 1 to 20 carbon atoms.

3. The copolymer according to claim 1, wherein the recurring unit having the

group represented by the formula (1) is shown by the following formula (1a),

R

/
1,— C
—{cn *T}_

C=0

PN

R4

~

F:C—C
3 AN
OH

(1a)

CF;

wherein R is the same as R in the formula (3) and R* represents a divalent hydrocarbon

group.

4. The copolymer according to claim 1, wherein the recurring unit having the
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] group represented by the fornula (2) is shown by
the followwing formula (2a), R -(-CH2 CGO 0 (2a) R4
Nil O=S=0 5 wherein Ris the sane as Rin the
formula (3), R3is the sanme as R3 in the formula (2),
and R4 is an ethylene group. 5. The copol yner
according to claim2, wherein the conmpound represented

groupyepresataidpithe Srrma (23 isshopa dy thofadlopaa formwg (4 t
sel ected fromthe group consisting of 10 vinylsulfonic
acid, allylsulfonic acid,
2- (et h) acgyl am de- 2- net hyl - | - propanesul foni ¢ aci d,
and 4-vinyfl-1-benzenesul fonic acid. 6. The copol yner
accofagCtorclaim 1 or claim2, wherein the ratio of
copolyneré\is such that the value of [(nol % of a
recurring uffrt?(1A) having a group 15 shown by the
formula (3J]/60 + &%qnl@bof a recurring unit (T13)
havi ng a group showh® by the formula (2)]/40 + [(nol %
of a recurrrRhg unit (1 C having a carboxyl group]/25
is 0.7 or/nore. 7. A top coating conposition coated
on a photdY¥sist filmfor formng a pattern 20 by
applyingzg__b@tion, the conposition conprising a resin
di ssol vabl'e i'n a devel oper dissolved in a sol vent
cont ai ni ngg@a nonohydric al cohol, wherein the resinis
the 44 copolyner defined in claiml1l or claim2. 8. The
top coating conposition according to claim7, wherein
the solvent is a nonohydric al cohol having 4 to 8

whegdi BAR tiatsans as B 19.thafremtiap3 ) #atis thg semapoRi ti the fooata@®),
on a photoresist filmfor formng a pattern by

and RP an etlyylemdgratp.on according to claim 7, wherein the
conposition is a top coating conposition used for
[iquid imrersion. 10

5. The copolymer according to claim 2, wherein the compound represented by
the formula (3) is at least one recurring unit selected from the group consisting of
vinylsulfonic acid, altylsulfonic acid, 2-(meth)acrylamide-2-methyl-1-propanesulfonic

acid, and 4-vinyl-1-benzenesulfonic acid.

6. The copolymer according to claim 1 or claim 2, wherein the ratio of
copolymers is such that the value of [(mol% of a recurring unit (IA) having a group
shown by the formula (1)}/60 + [{mol% of a recurring unit (IB) having a group shown
by the formula (2)]/40 + [(mol% of a recurring unit (IC) having a carboxyl group}/25 1s

0.7 or more.
7. A top coating composition coated on a photoresist film for forming a pattern

by applying radiation, the composition comprising a resin dissolvable in a developer

dissolved in a solvent containing a monohydric alcohol, wherein the resin is the

44




10

11 45

copolymer defined in claim 1 or claim 2.

8. The top coating composition according to claim 7, wherein the solvent is a

monohydric alcohol having 4 to 8 carbon atoms.

9. The top coating composition coated on a photoresist film for forming a pattern
by applying radiation according to claim 7, wherein the composition is a top coating

composition used for liquid immersion.




