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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
formng a top coat which protects a photoresist film

during imersion lit m ni aturizing 10
i thography and protggggﬂgﬁéjégas of a projection
exposure device (projection aligner) by suppressing
el uti on of photoresi st conponents, and to a copol ymer
used i n i1 POMROSNG B CRAGHIROIIARIIEBN n t he
manuf acture of sem conductor devices and the |like, a
stepping or step-and-scan projection aligner has been
used in which a pattern of a reticle (photonmask) is
TECHNENSE €9 onto each shot region on a wafer coated
with a photoresist through a projection optical
S 9k @haserdt@ven€idf keliieOid DioviehgpRhyeh& il @loppddtiagkomposition
system provided in the projection aligner 20

' on a phomresis Gm aswhivh thx@pelynesriavsel e nigtparticn b, the presas invention

shorter and the nunerical aperture of the projection
relates pd & ol costygt amivscomdsr Yediremersidrersefid fa, fotthieg a top coat
exposure wavel ength which is a wavel ength of
whicly proteatsi agrhotageddstifimt dueing imjrectiomhithagiaghe forhaisiapuenng
~ reduced along wth scaling down of integrated
lithogsanhy wind prafecis thejensed e prejpeiianxpaaitie dpves (Papestianrakigaer) by
the projection optical system has al so been, .
SUPPIPHHIECALIOR OT PHOORE ) 4P TP S0 2 3 epahiiRgTaried iHBe dept h

of. focus is also inportant for exposure. The
comppgERT-uti on R and the depth of focus 6 are respectively

shown by the following formulas. 1 R=kl - X/ NA (i)

6=k2?/ NA2 (ii) wherein k is the exposure wavel engt h,

[ e nmerical aperture of the projection
BAC%&WsyS em and k1l and k2 are process

R Gh 3L, A2 RO, PO ] G
or stéFdhAldcal pofddtRnSNB e hasFee! 44 fh which a pattern of a
reticle (photomask) is transferred onto each shot region on a wafer coated
with a photoresist through a projection optical system.

The resolution 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 year 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 d are respectively shown by the following

formulas.
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A photoresist filmis formed on the surface of an
exposure target wafer, and the pattern is transferred
to the photoresist film In a conventional projection
aligner, the 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 medium having a refractive index of n,
the resolution R and the depth of focus S are shown by
theR=bl18WAg formul &. R =kl (R n)/NA (iii) 6 =
k2 nuv/NA2 (iv) 15 For exanple, when using water as
t hed atkdvev/MAdi umin tK® ArF process, since water has
arefractive index n for_light wth a wavelength of
whargm i the expogure wayglengtdsHiAs thanumarisalsperuge gt the prpjection
(af 1.44)/ an he depth of focus js 144% (6 =
Opt;ezf Syste aﬂN@}I a?f? haresp SCQRHIGIARYS-ex Bei Phtaiing e gppe
r.nitrogen as the_nedium. Such ,a projegction exposure
resilutinRo i § Frih Qe a0 BT BHAPRY BY Y SRBGRUFIOT R ASRSHT
wa\?e(l) i@areduced to transfer a nore mnute pattern is
car'l a inmersion |ithography. The i nmmersion

RSB ARY hSERRAEP O G R g
o B EILBELY 0t 1 A NSRS Bl e,

spabQf WEER R WaFeiB@eed 2RI i kir BPRMWEBE. W}len the shite

the i mrersion |ithography, a photoresist film applied

bet#8sh the fWiBs an@ heAePdfahe pRELCEDR alifhs iOfilldd QiR h Mefilrh @iving a

al i gner respectively cone into contact with a nedi um

reftabtiR indexedimaetie réSolAHER afild tHefdepidt SFfodis SUs8 Shd¥en By the
medi um for exanple, water may perneate the

follptvirtefvarsilas. fil m and reduces the photoresi st
resolution. In addition, the conponents form ng the
phoR orldsi(@fn)Mybe el ufied i nto the water and nmay
pollute the surface of the lens of the projection
al i yr&2. n/MAret hod ofiviorming a top coat on the
photoresist filmin order to shut-off the photoresist
fi | Farrexampls. hen using weter asthagbeye madiumda ih Seeps, since
Such a fop.cQaf nust  possess sufficient transmttance

e s 1of lighig

walehhasiigrelf . . ith # Biavelapath obéo% amiedd-Ynthene
N T CA R STRLS
k2- i Iﬁ?fw&zgéﬁ{l}g g/gl:lfgg &mit{%eexrprgguirg lrpang Elirr(]) nitlrgégirl gé t%g medium.
Such a projection exposure method in which the wavelength of exposure radiation
is reduced 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
1. ,
In the immersion lithography, a photoresist film applied and formed
on a wafer and the lens of the projection aligner respectivély come into

contact with a medium with a refractive index n. If water is used as a
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10 easily dissolve in an al kaline solution used as a
devel oper. Moreover, a resist designed for use in a
normal dry environnent nust be used as a |iquid
i mrersion resist as is. In order to provide such a
resist film a top coat for liquid inmrersion that can
protect the resist filmfroman imersion |iquid
wi t hout degrading its performance originally designed
for use under dry conditions is necessary. 15 [Patent
medieoyéont extgmplR, Avditr hv67RFrm ek 8AheGUREc@siStHEm and reduces
I'NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON The
theppbstoresishvesoluon haln bdditiar Hhewethromeotsifornting the
acconplish this object and 20 provides a top coating
phetogesist Bryoks elusad anty thecwptiyamd masepoliwtie thieesurface of the
coqpositipn-that. can exhibit sufficient transmttance
13“§d’ﬂhé¥€%ﬁ@§9?éﬂ%ﬁV%length, particularly a wavel ength
hotoresist film

f 193 F), b | i ed )

i t %dwtﬂéﬂaéé%hémgfa?fgé p%t%%ﬁgé phataresi ghBt Beerdp shut-oft the

film gan.maintain a stable filmwhich is ngt el uted
Phqtifelt (IR T B Ff 55 WAISF BSheeh PEaRggp RY<h &1 coat must
e R L
o ISEO AR 08 AL BB LM

5 _ : .

stab1E ARk ﬁv'\@ch ﬂ%oF Qlﬂ&lth%rthé) &a&ﬁl‘ﬁ] %rﬁ%ﬁﬁtmé(r%ﬁ ﬂ{sﬂé)g%g%l% émd must

conprises at east one recurri

easfly @ﬁg(slb@irg&;papaiﬁﬁgaiugg{que&ts aa?egvre%yi ng unit having a

group shown by th oW ng a (1), arecurring

uni fMoh@Nefd réisd HeYeheATOMECRY a hd8ndl aly AABEMEA A Be Bsed as a

(2), and a recurring unit having a carboxyl group, and

liqeld Er@defsidnn@sibiistis. ( I brdeawd pravidie SUEH PresBt AMR.a 8P dodtESr 1Rquid
wei ght average nol ecul ar wei ght determ ned by gel ‘

immpesioraldt @in pobscothatregst &by oh aiHAersiod kY VRt degrading its
R-CR2Z NH | OHO=S=O R3 (1) (2) 10
performance originally designed for use under dry conditions is necessary.

[Patent Document 1} JP-A-11-176727

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 sufﬁcienf transmittance to the exposure wavelength, particularly a
wavelength of 193 nm (ArF), can be applied on a photoreﬁst 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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wherein-R and R2-in- the formula (1) individually
represent a hydrogen atom an alkyl group having 1 to
4 carbon atons, or a fluoroal kyl group having 1 to 4
carbon atons, provided that at |east one of R and Rz
is a fluoroal kyl group having Ito 4 carbon atons, and
R3 in the formula (2) represents a fluoroal kyl group
having 1 to 20 carbon atonms. 15 In the above copol yner

- of the present invention, the nonomer producing the

ME A£NS ROR§OUNTNG(THE PROBIEMS sul fo group is a conpound
shown by the following formula (3), R | CHR=C A (3)
B SOBtcdpodheéraifmhdbresint asendich @nlydeogdeasabmfec@ring unit (1)
met hyl group, a hydroxynethyl group, or a

sel¢ated fromrtbaredohy lcomsi sving of A recmprisanit savingsid gighip shondby the
carbonyl group, a carbonyl oxy group, an oxy carbonyl

foligmongpformnbh (B), repruesagtsit havigg gmupshawn by thedvllawmgtformula
organic group having 1 to 20 carbon atons. 5 The top

(2)carah 4 requrciogpoi haviog achrbokel grees end a irgpuenng wnt (IB having a sulfo
conposition to be applied to a photoresist filmfor

~ groupy aridrhgs pateight guernge maleicaler waishhéetesrngd biegel acmmesfinn

di ssol vabl e in a devel oper dissolved in a sol vent
chregtography §f 2,908 MO RYUPPE al cohol . And the resin is the
copol yner of the present invention. 10 EFFECT OF THE

| NVENTI ON The copol yner of the present invention
conprises at |east one recurring unit (1) selected
fromthe group consigting of a recurring unit having a
grouprshqma- oy the ghlpve-nentioned formula (1), a
recurring unit having a group shown by the
above- nremtioned f drm$Fa0(2), and a recurring unit
havi ng a car boxyl grdgp, and a 15 recurring unit (I1)
having a sul fo group® The copol ymer is dissolvable in
a sol vengyy containing,a nonohydric al cohol as well as
in an al kal i ne devel oper. Because the conposition for
formng the top coat of the present invention
conprises a copolyner resin dissolvable in a devel oper
di ssolved in a solvent containing

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 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 {II) having a sulfo group is a compound shown by the following formula

G),

CHZ -

A €))

="~ /O\"W

O;H
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a nonohydric al cohol, the conposition can be-easily
applied to a photoresist film The 20 top coat can
protect a lens and a resist and can form a resist
pattern excelling in resolution, developability, and
the like in imersion lithography, particularly in
i mrersion |ithography using water as a nedium The
conmposition can also be used in a dry nethod in which
aliquidis not used for exposure. In addition, the
wheipRstpresnt scaltydpsged e aa tethy cgratip,faoltydréxguiethyl group, or a
i mrersion that 25 can protect a resist film
trifbrarginethll grodg st gpederftoa smgke tondes catbgnyt gridlipt a carborfyi@m
an imersion liquid w thout degrading the performance
grapip, athexy @shayl gioum arfidkrepieseets atsinglecmdagiatdivtent areae
extrenely suitably used for manufacturing 5
graspriaviogduet2Orcatbeniatsms. whi ch are expected to becone
nore and nore mnute, BEST MODE FOR CARRYI NG QUT THE
| NVERT faaoneorreg saispasitiogrpfithe prepang investierpis acegpppigon to be
conposi tion of th$ present inveption can 5 forma |
apRlisd ity Aghetorssisk film fof theping priteran by adigtiosrand Gpmpgses a resin

. e ure to radiation ji.n i rsion .lithogr ngd is
dist G e eloner fesobsl apaPerorgning g atoRrae 6chol And
hpat.ter ns. "A coatth stg?l.e iP a medi um such as water
thegesin fythe epRyiper 9id ?grgr‘» PO ndi cat es a coating in
which the filmthickness change when neasured by a
stability evaluation nmethod in water nentioned |ater,

: Tq? TP%?HHW%Wf more than 3% of the 10 initia
EFF?Fn1 %ﬁc ness. ‘§solvable in the devel oper after

form f v Ladi i .
Lt TP AS LA bRIGR el bRt e BRETLL ARt 0

selbREPRBHL thiv: UbndiRRBIITA rdeui 88 GMEhARMnd HBrduBSh&Wn by the
pattern when visually inspected after devel oprment

aboieLiNgntRMe@ Fdealuld (@), arkeenvisic 20l Uh¥iag a gfhiatshbsmn biylke r esi n
of the present invention is an alkali-soluble resin

aboMehaéntiched Earméd (2),dind aoksatng onivkahag 8 daboad gr@ipcand a
but di ssolved in 15 an al kal i ne aqueous sol ution
recuidgnoitdél) dhapgestlfogiony. t Hee alpkbinenes dspobabk: 186l sohicon
after exposure to radiation. A top coat nade from such
cortmngigkainpaayltip risohel gis wetlaas ip e glénline devpleptor esi st
film fromdirectly comng into contact with a medi um
suc Beemisoheecrompapifing for sl dhe topicp# ey thapsenpingortinins
deterioration of |jthographic performance of the .
comgpiates peepalymer fesinaissglyabledn g dsws! pparidissolyed inresabysat coRtaining

R e e TR .
MR AL TN TN N —
developability, and the like in immersion lithography, particularly in immersion
lithography using 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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recurring unit having a group shown by the fornmula
(1), arecurring unit having a group shown by the
formula (2), the recurring unit having a carboxyl
group, a recurring unit 25 having all of these
recurring units, or a recurring unit having any two
recurring units anong these recurring units. In the
recurring unit having a group shown by the fornula
(1), as exanples of the 6 alkyl group having 1 to 4

seiBROAARI GHRIR s, SHIBE 418 lex SdcBidRo bBEIIYE mBFLAHR, mdte @Rihtc.
group, and butyl group can be given: and as exanpl es

of the fluoroal kyl group having 1 to 4 carbon atonms,
a difluoro nmethyl group, perfluoronethyl group,

BES2MUDE FOROCEARRYINGOODT BHE IRVENTIOWOr oet hyl  group,
perfl uoroet hyl group, 2,2,3,3-tetrafl uoropropyl group,

5 paht ket aRistiguking thetbp goming, coppbhition bOthe PRAsknighivdnfion can
2,2,3,3,4, 4- hexaf | uor obutyl group, perfluorobutyl
forgr @ogrting stable-idiame¢diyth sBclRaByer dueringadkposnreforagiyiion in
group, and the like can be given. O these groups,
imtriessiquelithbgreplpnatdny disgelgelpe irsthp defdop lier. folthieg resest pritergs.
unit having the group shown by the fornmula (1) has an
al cOAGopigng s_t.@blhyua axegiungsushpas shater durisg eepostrgite ragiedionhe
al cohol i ¢ hydroxyl group contains at |east one
indigaiRsraorpaiys ingyvkigh the filmediickness Cﬁlh%edNW?ﬁSéWd &b @ stability
causes the conpound to exhibit acidity in an agueous
e@wﬂfﬁ %ﬁhocbet‘a%}g%mﬁww &%rg@ﬁ eHBRIC; 1§ neh%lpwhaﬂ 3% of the
ed fr al coh h due t
i I e BB o ngvaaledaém eé@ﬁ’(BF‘y e Wik P Wems
perflu
indfigfspenBfrticy prahin WhEnB3p PR mATE o FeStHgan b emoved
Wlihgﬁﬂem#é H&lc@% on tﬁ\@ltegirst %ﬁ%%n%vﬁ%l VIQ.PaDlg rﬁ@%&?& gf%eroc{evélgsment

usﬂ’x%lln afklﬂﬁné ?Lﬁl‘é&&é %&E@' t TR?It é{gﬁedf %1'0@;@%%98}r g_l%‘gmgl
aikgﬂ-)soluble resin which is scarcely dissolved in media such as water, but dissolved in
an alkaline aqueous solution during development using the alkaline aqueous solution
after exposure to radiation.

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
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7 wherein R is the sane-as Rin the fornula (3) and

R4 represents an organic group, preferably a divalent
hydr ocar bon group. Chain hydrocarbon groups and cyclic
hydr ocar bon groups are preferabl e anong the dival ent
hydr ocarbon group. As preferable exanples of R4,
saturated |inear hydrocarbon groups such as a 5

net hyl ene group, ethylene group, propylene group

(1, 3-propyl ene group, 1,2- propylene group),

alkzﬁgrbaﬁfﬁi\hﬁ{é €4 GABUR atomni aretlyh ¥toupeetBylQdup, propyl group, and
exanet hyl ene group, heptanethylene gr oup,

but§Lreupchybegiecqadps enonaseaifnid BocroglkoUgroup having 1 to 4 carbon
decanet hyl ene group, undecanet hyl ene group,
atodnde ddliwetdwibthpkeergupyeriluorodeh ginerblyy, [2ehrdiflppmethyl group,
t etradecanet hyl ene group, pentadecanet hyl ene group,
2,2exdocatted Bydupnperfnaopthyllgrohg (2 38 Sdametuvydenpyl graup,
oct adecanet hyl ene group, nonadecanet hyl ene group,
per'ﬂugwtheheetgyl@nwp, Perflotnpiropyl 8rqupoii3ehé 4denuliorobutyl group,
2-nmet hyl -1, 3- yl ene group, 2-methyl-1,2-propylene
perép@@,butyigmphﬁﬂ .dlmqth]gﬂu} ,|3e”an@trgﬂm;ppropyl group, and the like can be
2-met hyl -1, 4-butyl ene group, nethylidene group,
giveRhy| i dene group, propylidene group, and 2-propylidene

g;g&g éfleggf/)g%?}éi |§$eg$f§é3$¥§8§%r b g‘r O?’g ?ﬁ]?y%@ga egr ggln gt orr;a

gr oE’Eti Iielcz fp@ﬁlgﬁ%ﬁ{/@g;o ér%i,'llg ﬁliéwg l%r 61% férmula {10 Llllgls grtl 1081?0 ic
hy oy B OR $05 BniE B Bl VIS 9@%&@ aﬂgﬁ%&%&gt
ﬂuér%al%glcépg% 216N log oy l&)ﬁsr)lﬁoxg o fa)ugesht nﬁXS eXthIE) aadity

groups su ydroc§

in M ddledust sBluﬁoB' Hb%ﬁuse'?l?éé ogi&n j@ &a@ﬂﬁ?ﬁs&ﬁa‘?é@ﬁ&% 3

norbornyl ene ‘groups ornyl ene group,

alcghoﬁrcgg'ﬁhﬁ&ﬁg/ﬂoﬁﬁ Qué f@él&)tronad?@acﬁgg 'ﬁﬁfﬂei/tte% o€ t}&rfﬁiéfi‘@all(ﬁ ggoup,

amant'yl ene group, 6- adamant yl ene group); "and

partib@arly, ki Sdfludi®meitye QrouBar Foatllsatdsnwhe Fesi 1€ s&idbleSn @ikali,

di val ent allcycllc hydrocarbon group, it is preferable
buttipsolutge it pua@watekcy|! ene group having 1 to 4 carbon atons

as a spacer between a

bi sAs pieffdratde exmvfiys fithe reovuymetunit hagng agrcmpdhom by the formula

alicyclic hydrocarbon group. 25 In the fornula (1a),
(DRAe recupimefumiafthe folloywarioamble{1grcenpe gorebai ni ng a

2, 5-nor bor nyl ene group or 2, 6-norbornyl ene group, or a

1, 2-propylene group. In the recurring unit having a

group shown by the formula (2), as the fluoroal kyl 8

group having 1 to 20 carbon atons represented by R3,

fluoroal kyl groups having 1 to 20 carbon atons such

as a diflugtonethyl group, perfluoronethyl group,

2'2;5%Efdi922§Lbyl

C=0

SO

R4

F;:C—C
OH CE;

~

{1a}
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group,- -2, 2,2-trifluoroethyl- group, perfluoroethyl
group, 2,2,3,3-tetrafl uoropropyl group,
per fl uoroet hyl met hyl group, perfluoropropyl group,
2,2,3,3,4, 4- hexaf | uor obutyl - group, 5 perfluorobutyl
group, 1,1-dinmethyl-2,2,3,3-tetrafl uoropropyl group
1,1-dinmethyl- 2,2,3, 3, 3-pentafl uoropropyl group,
2- (perfluoropropyl)ethyl group,
2,2,3,3,4,4,5,5-oct af | uoropentyl group,
wheetd Ruomhepemt v Rah éupformula (3) and R? represents an organic group,
1,1-dinethyl-2,2,3,3,4,4-hexaf|uorogutyl gr oup,
preferablgtianitaistt h@ddc@dbdn drotips - Okph afdroodrbbn gydupg li@sclic
2- (perfluorobutyl)ethyl group, 10
hydrp2arBoBgrbugs &re préer@bldanaiizube dikebeyt hyglr@uaphon group.
per fl uor opent yl net hyl group, per fl uorohexyl group,
1, 1Adipnefetalle-eRa@ples 8f B, 4atyrged bvef hydroopbat grougs suh,as a
1,1-dimethyl-2,2,3,3,4,4,5,5, 5-nonaf | uor opentyl group,
methylgyereroup eibplene grouet prppylgneggup (1,3-propylene group, 1,2- propylene
2,2,3,3,4,4,5,5,6,6,7, 7-dodecaf | uor oheptyl group,
groye). reteasresindsas grewm pentgmetiyylene geoup, hovastedlptsiie gyeemnp,
2- (perfluorohexyl)ethyl group, 15
hepzalz?tgylmgw,usa, egtgneshylene grogpinonameihalens grpwpodreaethylene

R B b S
fetf&P%ﬁ?ﬁieﬂﬁézPi%ﬁ%Béttqész#%fflg@lwrgl’? BT, Ra e B oup.
heshd3tinerhi e blonB S eREtImde Bl Pgoadscamathylone erupy
icoffnCiBUg 1 REULY ST RBRIUIELNN 2 RORIL P hrcoviens erpup,
2-1%&%‘1&,2-1} p%leée grnﬂxp,d' 1 4‘[‘1(4??)8; lai-lbﬁﬁr[ffﬁg g&%ﬂ@b 95104 Ry1-1,4-butylene

44,5, , 6- honaf ["'uor ohexy

grodipSméthflidone gfoufp, énylidnd Lol bEPIEEAT! 5N A6E ¥lpresyHdPne
g Among these, a

and the |i ke can be gi ven.

gradg! ibhisyyeliEhyii begbalBoupedulh HOEREIAMAHerd @Y@ps having 3 to 10

per fl uoropropyl group, perfluorobutyl group, an
carpex Atone secicisydycdboiyiena zeoupa (é. Call , ardyylobiitgfeat keshpjlue to
25 their capability of noderating the acidity of the

cydhymntdmre doaupddel gt 01 Bhyclopentpigen gatupncydlbbexybmaroroupg (e.g. a
unit having the group shown by the formula (2) has a
1 4ksydlobegpesiencagrom)cadodynkeccipianis grdups ié.grob&reyalooctylent group);
.easily dissociates the hydrogen atomby the 9 )
bridged ey elimbalr egagani STQUWS@S% p§ ¢ystic by dronerboSEROURS wWihdup 4 rings
‘giving rise to exhibition of acidity in an aqueous
havang §1q HYhcartrereitam sech asmerbasaylang gropps(siaBidengrhorsleae group,
water, but soluble |n alkali. As a preferabl e exanple
2, 5gorberaylpRegiorph @nf%fiafnm FIETPHRS (§Bo bip-ASRBRARLY e BHIP,

2 GRS oo Y the Tol o
Particularly when the R* is a divalent alic?clic hydrocarbon group, it is preferable
to insert an alkylene group having 1 to 4 carbon atoms as a spacer between a
bis(trifluoromethylyhydroxymethyl group and the alicyclic 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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R -~CH-C) CO0O0O(2a R H 05=0 1 R3 wherein R

is the sane as the Rin the fornmula (3), R3 is the
same as the R3 in the formula 10 (2), and R4 is the
same as the R in the formula (la). As R4, an ethyl ene
group is particularly preferable. As exanples of the
radi cal | y-pol yneri zabl e nononer whi ch produces the
recurring unit having a carboxyl group of the present

i nvention, unsaturated nonocarboxylic acids such as

grdufiatihaartyl20Gafoh Gtorks RpRRERedby B, flionsuail @rcﬁig)is Baving 1 to 20
atropic 15 acid, 3-acetyloxy(neth)acrylic aci

carBoi e1dzAB WLy Dl atiethyl grap, gerflaorteidiion yasipy 2 2edifluoroethyl
acid, and 3-cycl ohexyl (neth)acrylic acid; unsaturated

erdup| ¥.22rthifluptdethyhgiotp, saurflitorasthylf groew,i2c2, 38 +ekrafluak@iropyl group,
acid, citraconic acid, nesaconic acid, and itaconic
perflobobethybnéthgl drpa meHawirceogyl meadpy 213 Hp didehexafiborinitiicgroup,
aci d, 2-a-carboxyacrylanide-z-nethylpropane
perflaptebuiyl grouaci.d-dimethyl-2,2,3,3-tetrafluoropropyl group, 1, 1-dimethyl-
2- a- car boxynet hyl acryl am de- 2-neth IEropane carboxylic
2,2a“n3,a:pen@ﬂuor@ﬁtqugr@ap,b%ﬁgﬁr&mfypram&@ Y-giedrhy| pr opane
lic acid, '

2,2%fré2§g%vpf@ﬂytaf@p%él?ara@n,mﬁﬁjé{oﬁ%em% BEV®. car boxyl i ¢
Lipgimatnt 3255 B2 Y B RHiE 5P et hyl br opane car boxyl |
1,I%‘;ip%g&r{,-ﬁi}?,g‘g}%ﬁé}%gﬁl}gr&r{]ﬁy g (DU R D ethyl group,
22 R SO e SR R R B I E B e forgho
st e nE 2 L8 4B MY Bt SORED, (72 T are

BRSPS 5 15, TGS .2 GBS 1.
2,2,3,3,4,4,5,5,6,6,7,7-dodecafluorohepty! group, perfluorohexylmethyl group,
perfluoroheptyl group, 2-(perfluorohexyl)ethyl group,
2,2.3,3,4,4,5,5,6,6,7,7,8,8-tetra-decafluorcoctyl group, perfluoroheptylmethyl group,
perfluorooctyl group, 2-(perfluorcheptyl)ethyl group,
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-hexadecafluorononyl group, perfluorooctylmethyl group,
perfluorononyl group, 2-(perﬂuor0§ctyl)ethyl group,
2.2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-octadecafluorodecyl group, perfluorononylmethyl
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
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alicyclic group or nononers shown by the formula (4)

can be given. 10 As exanples of the nononers having an

unsaturated alicyclic group,

2- bicycl o[ 2. 2. 1] hept - 5-ene car boxylic acid,

bi cycl o[ 2. 2. 1] hept - 5-en-2-yl net hanecar boxyl i c aci d,

4-tricyclo[5.2.1.02' 6] dec- 8-ene carboxylic acid,

tricyclo[5.2.1.02" 6] dec-8-en-4-yl methanecarboxylic

acid, and the |ike can be give. O these,
eleztrbn-eiolcofi@p@pditihe st thS—Sﬁe-_RS ardupy giving réseitd exdnbition of acidity in

bi cYcl o[ 2. 2. 1] hePt-5-en-2-Yl 15 met hanecar boxylic
an agiapus s@ufperef dherofee, the reGidds@s@luble)in pBe@EBH, buthselublenn Mkali.

is the sanme Rin as the fornula (3), ArePresents a

si ndise elsmblacxampboefthe putingupt kevingrthe asoupxhowyn by the

or an oxycarbonyl group, and B represents a single
forgama (20 the recyrring i she g divithe fplloupnantorinnly (Zakaande given.

carbon atonms. As exanples of the divalent organic

group having 1 to 20 carbon atons, saturated |inear

hydr ocar bon groups such as a 11 net hyl ene group,

et hyl ene group, propyl ene group (1, 3-propyl ene group,

1,2- propyl®ne group), tetranethylene group,

pent anet hyl £ne group, hexanet hyl ene group,

hepraﬁﬁﬁhyﬁéﬁb"group, oct anet hyl ene group,

nonanethyle\e group, decanet hyl ene group,

undecanet hyl ﬁ@ogroup, dodecanet hyl ene group,

tri decanet iyl ene group, 5 tetradecanethyl ene group,

pent adecanethyl ene d?%up, hexadecanet hyl ene group,

hept adecanet Ryl ene group, octadecanet hyl ene group,

nonadecanet Myl ene group, icosylene group,

1- et hyl - 1,3 propyl ene group, 2-nethyl-1, 3-propyl ene

group, g=ngtlyl -1, 2-propylene group,

1-methyl -1, A4-butyl ene group, 2-nethyl-1, 4-butyl ene

group, nethgl i dene group, ethylidene group,

propyl i dene group, and 2-propylidene 10 group; arylene

groups such as a phenyl ene group and a tolyl ene group;

nonocyclic hydrocarbon groups such as cycl oal kyl ene
whgreguRss thesimg 28the® hahe forbwte 3),AR1ss theshmass the R” in the formula

cycl oputyl ene grqg§§_(e.?. a 1, 3-cycl gbutyl ene group),
(2)cqnd Bpis hhasageas gheol pin the foymuls (12). 3As\Ke| apethylghegioup is

roup), cyclohexylene groups (e.g. a 1, 4-cycl ohexyl ene

pargplélagy preggrable.

As examples of the radicaily-polymerizable monomer which produces the
recurring unit having a carboxyl group of the present invention, unsaturated
monocarboxylic acids such as {(meth)acrylic acid, crotonic ac_:id, cinnamic acid, atropic
acid, 3-acetyloxy(meth)acrylic acid, 3-benzoylbxy(meth)acrylic acid, a-methoxyacrylic
acid, and 3-cyclohexyl(meth)acrylic acid; unsaturated polycarboxylic acids such as
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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cycl ooctyl ene groups (e.g. a 1,5-cyclooctyl ene group);
bri dged 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.
1, 4- nor bor nyl ene group, 2,5-norbornyl ene group) and
adamant yl ene groups (e.g. 1,5-adamantyl ene group,
2, 6- adamantyl ene group); and the |ike can be given.
The radically polynerizabl e nononmers producing the
2-q-eciylokyrgrydmmnide(A-methybpropege @arb2@ylsaiddidy gr oup
constituting the copolyner of the present invention is
2-cshbenylasyylamaleedsmethylffropanglcarbp8ylic 4aid,t he fornul a (3),
Aand Bare the sane as those defined for the fornula
2- qhynzymaiamml@rﬁamatwanromn cbogpliciaidkd by repl acing the
carboxyl nggqln the formul a (4? with a sulfo group.
2-cpmpe Xpﬁ‘éf'@ hipriopanesfarhdyglipeeidner s shown by t he
fornul a gé V|nylsulfon|c acid, allylsulfonic acid,
2-opcysieheryheramide demsthiipronpne Fatbpsylierasidl f oni c aC| d
and 4- VFF%I-I-beﬂéenesulfonlc acid can be give

Z-q-feaneadhyientids-¢- maethdrivparsearioxylis awiny}dstbf fiknran '%;og!uen
o e R PR ropRefte PR SR baic e o”rﬁfa%%@%'r%ws%erame

t heA%Qﬁ) JI)XH@]JEI ay. nlg r 5y nrogh,gx\rllﬁr?(%mn?rg Ha‘”%%f”b'd%s& uéated

recurring Nt Raves
havi ng a
QLIRS Bwﬁoﬁﬁﬁ?%lsﬁﬂﬁﬁgﬁﬁﬁr@ﬁ%“@zhﬂﬁbeﬁ%dr oxyl
gro I
" A8 eGP AR BBk GRS U U8,
2-HEGRRI[Y. qqqiheytﬁgen@ cE'BBBQﬂFJac?cP MR, 1ﬁhefp{ YQnoalkyl
group. AS exanpl es of” the fluoroal kyl group- contalnlng
metHaRcuIESoxyfit el 0ad-Kkityclo(ITEH [uf-flaey R ahe sarbawiiRdicl, t 0 20
carbon atons in the fluoroal Kyl group such as 10
triogetb[ LN OFEJdbyB-shrBey i ahindcabexylpeidd, uad amaikeyhn be give. Of
(nmeth)acrylate, 2,2-difluoroethyl (neth)acrylate,
thege, Z—lﬁcyqid[ﬁﬂukjh@eﬁhgde cervekpaaniy bad Bicyqef2(. Ujbemes-bryR-yl
Sﬁeth acrylate, 1-(perfluoronethyl)ethyl
mef] ‘ECIﬁﬁmKWE}/¢ atié aregpréfombld. uor onet hyl ) et hyl
(meth)acrylate, 2,2,3,3-tetrafl uoropropyl
(nmeth)acryl ate, perfluoroethyl nethyl (neth)acryl ate,
di (perfl uoronet hyl)methyl (neth)acrylate,
perfl uoropropyl (meth)acrylate, 15
1 nethy -2,2,3,3-tetraf l uoropropyl (neth)acryl ate,
erfluoroethyl)ethyl (met h)acryl at e,
é uoroethyl)ethyl (et h) acryl at e,
ﬂ 4- hexgf | uor obut yl

B

\
COOH

wherein R is the same as R in the formula (3), A represents a single bond, a carbonyl
group, a carbonyloxy group, or an oxycarbonyl group, and B represents a single bond or a
divalent organic group having 1 to 20 carbon atoms. As examples of the divalent

organic group having 1 to 20 carbon atoms, saturated linear hydrocarbon groups such as a

11
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(et h)acrylate, perfl uoropropyl nethyl (meth)acryl ate,
perfl uorobutyl (neth)acrylate,
1,1-dinmethyl-2,2,3,3-tetrafl uoropropyl (neth)acrylate,
1, 1-di met hyl - 2, 2, 3, 3, 3- pent af | uor opr opyl
(et h)acrylate, 2-(perfluoropropyl)ethyl 20
(nmeth)acrylate, 2,2,3,3,4,4,5,5-octafl uoropentyl
(et h)acryl ate, perfluorobutylmethyl (neth)acryl ate,
perfl uoropentyl (neth)acryl ate,

methylendignatrh pthy2ne gBn®, gropyleexgioup§t,dkpuopsliene group, 1,2- propylene
(meth)acryl ate

grobp) teframstipleneirons peptandthyldne graupl bowotstiyjdne group,
(nmeth)acrylate, 2-(perfluorobutyl)ethyl

heptarsethylges gloapcoctamethders: group Sonapeibyleae afoupodashmsihylenc
(meth)acryl ate, perfluoropentyl nethyl éneth)acrylate

8royer ) @err@qﬁ@;@qle grﬁgp,fgog@cpameg}yéenegoup, tndecamethylene group,
1, 1-dinmethyl-2,2,3,3,4,4,5, 5-oct af | uor gpentyl

tetr@ﬁg‘{aﬁseggieﬂe gf@p, pentadecamethylene group, hexadecamethylene group,

ropent

e CEERRN L -
iCO%Vf‘%?%ﬁf"é“?éyh gfhy- bSO gpPYiene v
Z-é@lﬂy f—@ﬁ?ﬂy@%&g gropué)r ler fl'}yg ﬂ eﬁp é{lgeg%ﬁa%—mﬂg{lél,ﬂ-butylene
gr p rﬂgt'hg L&E‘ﬁ%%g(ﬁg)y %t)ngfl&;éﬁ? ggg[g)t PPO Sfﬁg n%%??udao P%do%-lpr(fpylidene
gro(JHez{ l)eﬁé:% ?§ ﬁ.l ?Q@ %ﬁ}hac ! Qrfée%}&yﬂ SRt yiéﬂ%&ﬁ%&ﬁo%cﬁrc

perftuor y

h d% &ata&;rr 48 @éﬁ@pwb Sl A e BTN Mo 8:10%arb
N 3é4 % 5,5, 6% Me e? ) hexadecafl Sf)rogr?ctjor{r)l/si such as

cydmtﬁélﬂpgﬁﬁ[ﬁt ﬁ@,g af Sté)‘cwbﬁ@@&ie)grﬂﬁi) hitlcldpeRd/fetha gfotpat €y, a

per fl uorononyl (neth) acryl ate,

1,32eyClopeithidos gaub) Icyelbhydyldnagtdipade il at @.cyclohexylene group), and
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10- oct adecaf | uor ode

cyobgdct)(lﬂmtg@nmsr(y lgad &,5- cypblof:tlylme (grmlpyl triglghy byclic hydrocarbon
nethLacryIate, per fl uorodecyl (neth)acrylate, 10

grogposugh s gydictydedchipon ghmipy withrietor) mrgsyHasitng 4 to 20 carbon atoms
2,2,3,3,4,4, 4-hept af l uorobutyl (meth)acryl ate,
such ag a gorbosniers gounsr{egat.Honorisiiexgne grau.I?) Hoeppmylene grelp)
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uorooctyl
and(qﬁiémq?gm |g5qu§s (% g fZSQd:@rpqrﬁylg@q @@pg,ﬁ@-adam&lntylene group); and
car boxyacryl ate, (perfluoroethyl nethyl)
theikEQWb ?éﬁ@?ylate (2,2,2-trifluoroethyl)

2 CErBAT E@‘V@ﬁ%@%@mr@ Syrof U?ffﬁ%fe s (17 having a
h
LT MR T

- lox ac 1 rfly y ryate, (perfluoroethylnethyl) a
ﬁ”@%@ﬁ;*oxy acrylate, (2,2, 2- trifluoroethyl)

a- PR&RY fo?ﬁﬁbél ?} %angi %r@: 5%%5&?%9%0@@& % forthe formula (4). The

a- phenylacrylate tritluoroet

forfho RYIF AT OB by REIAEIY A IMP; tl ) the formula (4) with
. gggyﬁacrylate }( ?% lgtrlfluo ng él ¢ formula (4) with a
sulfo group.
As preferable examples of the monomers shown by the formula (3), vinylsulfonic
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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20 a-et hoxyacryl ate, (perfluoroethyl nethyl)
a- et hoxyacrylate, (2,2,2-trifluoroethyl)
a- 2- met hoxyet hyl acryl ate, (perfl uoroethyl methyl)
a- 2- net hoxyet hyl acryl ate, (2,2,2-trifluoroethyl)
a-cycl ohexyl acryl ate, (perfluoroethyl methyl)
a-cycl ohexyl acrylate, (2,2,2-trifluoroethyl)
a- cyanoacryl ate, (perfluoroethyl nethyl)
a-cyanoacrylate, 3 [4]
vinylsuHpficgordourd eHylsulforie héid phv mafticuldrlyupefenabidiy| ) f | uor onme
t hyl ] et hynyl oxy] benzooxy] 25
2- h%p@xy@rc@pypl](th@tqﬁ)aa@vqﬁnéme of the top coat, the copolymer of the
(2,2,3, 3, 3-pent af | uoropropyl ) 2-phenyl acryl ate,
presentanvengonmey spRAIN foleeYIOE it havipg A sidesbpip| veahieh includes a
(2, 2,3,3, 3-pent af | uoropropyl ). 2-ethoxyacryl ate,
fluppneatgm-pther thaanthe resurmgrusmhaying asdq daincyhigh igaludes an14

.2,.3,3, 3-pent af | uorgpr opyl ) 2-cyanoacryl ate, and the
al#@é& Rydropbegug aving g Aligronlh srape K pinth Gpogition.  This
f | uor oal kyl ou y be used. either individually or
recH ISR LE BT OO AOPO TGRS AAROTOMS” (BHaIs fluoroalkyl
rOc:ontaining a fluoroal kyl group in the present
E9Uvention, 5 fluoroal kyl (meth)acrylates having 1 to

o F AR ey B SH F ! Burotr
R LI | 10 P oIS L N
difMBE et bl §meRSAd IHR! fahlidlonFRY ?mémwaéﬁyléte 1 PR~ 6dthy!

oxygen ‘atom vi a a net hyl ene group, ethylene group,

(méth?a@r;&étk,fﬁﬂyl_tﬁﬂﬁ&@etﬁfrl%h)&&yla’fb, QEARbrdethyt AREMPcrIRE,

nol ecul ar wei ght, glass tranSition tenperature,

1-(petflasionietiyd)ethgl ﬁhéth}‘a@f}flﬁbl,tﬂsgﬂeﬁﬂtﬁ)mlﬁ&ﬁﬂzé’tﬁﬂ (Eﬁetl‘f) hdrifate,
e I Ke,

under layer antireflection film and t or the

2,2c0actluangtapyt @nah)aolylees tpedfuokbeehyd mpthlyy (Réth)aotyiae,
radi cally polynerizable nonomers can be copol ynerized
di(pérflnorohethypethyémetbjactHate ppeetheord piopyldmetigacryla6t, her
nononers” here indicate radically polynerizable
1-mpedinnd rPe?. 8, 3deimeffuorepanpiil Kmetiaprdatee hilpeflearoetapetayl y 15
ol ymeri zabl e nononmers. In addition, an acid

(eSOt oo saleti fmepasmioRg. 3, whg-wtiuorobuty
(miBlagrabts s oroRNBR BT by Dl e FSERB ! (metRfacryate
L1 GPERF R S A PPt Y Ect or o, i car boxyl i
LGSl £2: & pstiefishbopu S PaE Bt a BBty ey
mBRLS R 2.2 S R R PR Pl Bitals bR ety
oSPRETRE pe SRR BRI MR 24
(m&Rfafyhate, 1,1-dimethyl-2,2,3,3,4,4,4-heptafluorobutyl (meth)acrylate,
2-(perfluorobutyl)ethyl (meth)acrylate, 2,2,3,3,4,4,5,5,6,6-decafluorohexyl
(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,

13
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(nmeth)acrylic acid alicyclic al kyl esters, and the
i ke can be given. It is particularly preferabl e that
at | east one nonomer produci ng other recurring 25
units selected fromthe group consisting of |actone
esters of (nmeth)acrylic acid and adamantane esters of
(meth)acrylic acid be copolynerized with the copol yner
of the present invention. As exanples of these
nmononers, (nmeth)acrylic acid S-lacton esters, 15
perflmetohyad mythyt{raethpcyddte qlediucesheptyd (ménsdcylater yl i ¢ aci d
adamant ane esters, (trifluoro)acrylic acid adamantane
2-(petlgerohexyietiy) tngthjacrdate.d2, A3 13h A en® 617408, Bitetradecafluorooctyl
n- met hacryl esters, (trifluoro)acrylic acid norbonene
(mtth}ﬁpme,rper@m@lmpwlme@vbﬁsethhnwlatt:,hErﬂlud(@oc@dnimaél)acwiate
given. 5 As specific exanples of the other nononers,
{ﬁ@ﬂh9¥mQM¥®ﬂ?ﬂﬂﬂvﬂﬁwﬁyhé%hyI (meth)acryl ate, n-butyl
rylate, sec-buty (neth)acrylate tert-butyl
2 2(3n?bﬂ H)%%Wﬂa? 88,9 %Bﬁfaéﬁ%ﬂuemny Hmeginagrelates - hexy|
ycl ohexyl ~(nmeth)acryl at

pe Wﬁ@f%%ﬁ&ﬁ@ perylaies RyrAupiAngpy (meth) acrylate,
2—(3@%%&%@%3 e pent anyl (ot ) acryi ate. 10
2 B P gh ol TBRRBEY B Gryae
BB S LA P e e ST e

2 2%:5',4;? %%k?ﬁ%dibélﬁltﬂr@?ﬁﬂ)ﬁ{gﬁ%‘b 2 )f¥ lg\l?fét? ~heptafluorobutyl
(méth%EBrPa)f 33, @,wsl ob %@ﬁor&ﬁﬁ&ﬁh@m xlnéihsacrylate and

-1 - dycl ohexyl (meth)acrylate;
3 314r4m,t5,r6y6 7,7:808/ S @RLAYdro bR (MeADR Yy Rt
- et hyl i cycl opentyl (neth)acrylate, 15
@, 12-Fﬂﬁﬂ’lmfbethy19 ﬁcéa@lﬂﬁ@ﬁeﬂrlafé'@& a6ro¥thgtnRethyaNé-carboxyacrylate,
1-butyl-I-cycl opentyl (meth)acrylate can be given. As
(2,2 arifdhcarsethfl) hychriookymegyd ey Lod) i gérflumgethnidifdrr yl i c
acid al kyl esters, 2-hydroxyethyl (neth)acrylate,

- a-c3rboygimethy bacoplyte, (mﬂhmﬁmryshﬁyk) o-Retipdy axbyouybiporylate,

(et h)acrylate, 2-hydroxybutyl (neth)acrylate,
(pepflwRretithyuetys:- Woxymbmyé eerylase, é2,2,2|5tollﬂypmﬁyl)e ne
gl ycol (rret h) acryl at e, dr oxycycl ohexy
a-ae%bﬁym 91%(;@rﬂtm@etmamt )ont@se%f y @%1@9@ (2,2,2-trifluoroethyl)
nmet h) acryl ate can be qgiv Mor eover éneth)acrﬁllc
Eliljaa(‘éylﬂgﬁl, (@gﬁllgqrge hylaw é) on phenylacrylate, (2,2,2-trifloroethyl)

a"bépg i ﬁ)@ o Bsiiep e o) Gehg b rear)
o-cforrdygle BB Sifoe et 3 HH{%%%Y%{%L?%%M@ ' ©
o P B %e(%ﬁ%qr%}%ﬂ@%ﬁ%{zﬁ%ﬁ%? A Race

' (2,292—%1[&!)&5})’15 &[E?rclo‘ﬁ!a){wicr;lg{elfF&?ﬂuo‘}gahﬂm@yﬁ -Xyclohexylacrylate,

(2,2,2-trifluoroethyl) a~cyanoacrylate, {(perfluoroethylmethyl) a-cyanoacrylate,
3[4{1-trifluoromethyl-2,2-bis[bis(trifluoromethyl)fluoromethyl jethynyloxy]benzooxy]
2-hydroxypropyl{meth)acrylate, (2,2,3,3,3-pentafluoropropyl) 2-phenylacrylate,
(2,2,3,3,3-pentaflucropropyl) 2-benzylacrylate, (2,2,3,3,3-pentafluoropropyl)

2-ethoxyacrylate, (2,2,3,3,3-pentafluoropropyl) 2-cyclohexylacrylate,

14
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'styrene nltrlte gr oup- contalnlng radlcally
pol yneri zabl e nononers such as acrylonitrile and
nmet hacrylonitrile; am de bond-containing radically
pol yneri zabl e nononers such as 16 acryl am de,
met hacryl am de, and trifl uoronethane
sul fonyl am noet hyl (neth)acrylate; fatty acid vinyls
such as vinyl acetate; chlorine- containing radical ly
5 yneri zabl e nononmers such as V|n¥ chl ori de and
(2,93 -perseiluacpropyly é-cyanmacobms.igd thallil esndrigtens uthese as
1, 3- but adi ene, |soprene and 1, 4-di net hyl but.adi ene
MOPGREHEONRENNEG & Agr%kkéf&gﬁque negy hepised eigter wstgdeally or
producing recurring units derived from |actone esters
corg m'("ﬁ%ﬂ’fg‘&’@r%ﬂ“i‘%e-aci d, 2-nethyl-2- adarrantyl

(nngg) m L%ﬁ%ﬁﬁﬂ%@ﬁtﬂgf’eﬂ%ﬁég}?g& %E) in tﬁegjpesean%rlr}/\!egagn
ﬂuirogfgg%%wgg%% %}ﬂ%{'ﬁ‘gﬂ@ acr ()lﬁl)aaté(gl‘rl§/lrlatp% fluoroalkyl group are
pregerglyla %%trl%j;l(ayrp pregeanan{ny Por(xzcrs ¢ ta1 I;lgﬁ %lflléoroil&yl group are

per?l lfbh;@i {H{ th} ?&ilﬁ%% gﬁ(? %ﬁl&?ﬁ@%@thﬁ?ﬁyﬁ?&s i Iv\%c% i @
pex%u%%apn(g] %ym‘ Aondd t@q QsYér O?Egégﬂz?&?ﬁlv?at £ le £ group, an ethylene

I-tetrahy ro-2

gr&lﬂ“v‘ér'"b) s%t%){*lh&nﬁﬁgr@uy | act one esters,

3-hydroxy-1-adamantyl - met hacryl at e and

3- hyfsra¥itol coatl@dtBdiblechiat vefoht! @288 i @GEMbahRirdSdhesion to
(trifluoro)acrylic aci d adamantane 15 esters,

a sibicox subdtrapsaphoterysibtcid, dnder QdeB himireBection Yillm| arddrthé lik@ R e
et hyl acrylate and

coiBac xogl2 tox adlvéent e the[cdpdlythef) bt} ratlidatly hblyarepizatila yonbomess can
n-5-yl acrylate as (trifluoro)acrylic acid norbornene

be tepolonaized mathithe copolgserarfshe prasknt neehtidee  t@thebmonomen” here
O these, 2-hydroxyethyl (meth)acrylate,

mdg:a]ewr@,d]@g(lyy polyag &/MoNPraen ):)gh@r {Hanitks above-mentioned radically
4- (4- et hyl -t et rahydr o- 2- pyron)yl nethacryl ate,

polgm@gquéff mgﬁgaa@r@f Jp@,qgl,qw4 awqqgléqqqa@{ebgmu;zgontammg monomers

tetrahydro-2-furan)yl nethacryl ate,
Hwﬁbgyagﬁ é“ danantyl-l-trifluoronethyl acryl ate, and

o 52 prarmhic o BY B ety 8 ly?leﬂ%ﬁéé&'nﬁ%%%ﬁﬁaé‘m@”ﬁ%‘é‘b*e
s %ﬂ%@”&%@*@%ﬁé’ (ﬁff?@%ﬁ’ 1 a8 LR Rl i
est&r i DSk ahg %cﬂtﬂ?%/ %rg SRfild Sérgﬁ?—cgrﬁgm{n r}gdxgeldpy pol)(rmzrlza%ije

Fecurrin

moﬁ&ﬁ&@rﬁﬁld}é bo&@-):?rﬁsilﬁgl%gh gVl pcﬁ éﬂlf’dﬁ)!er&??ﬁ}hé{' c%tt); %l:)qd vinyl

recurrlng unit recuarring unit
coERRAUY Belorihé-containing radically polymerizable monomers, conjugated

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

présent invention. As examples of these monomers, (meth)acrylic acid 3-lacton esters,
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containing; in addition to the recurring unit (1) and
recurring unit (lIl1), a recurring unit which has a
group containing a fluorine atomother than that shown
by the formula (1) on the side chain and/or a
recurring unit derived fromat |east one conpound
sel ected from the group consisting of adamant ane ‘
esters of (meth)acrylic acid as other recurring units,
5 can be given. The recurring unit having a group
(msthgamylinyacidrg ldcomnmastens, (hithjdveyla avaf ddamantaneestensj ng uni t
| A"), the recurring unit having a group shown by the

(trifoom)heayliQjcid gdrmantamfesers, (metbjarylicagidimorboinBig lactohe

recurring unit having a carboxyl group (hereinafter
n-methaayk ¢sirgs, diniftuoraQQagrylie aeid netbgrneng dnctavien-hethaery! esters, and

sul fo group (hereinafter "recurring unit 10 I1"), and
th%hkﬁﬁan%§@Uﬁming units (hereinafter "recurring unit

[11") are_contained in such a ratio that bringgrthe

val 4% sgecifiggxamries ofAhe gther moppmors omethih (mggh)acty gt shy
e P L S R ST et R e

B e GRS A2l e 3R kS T, SYToIRTR ™
AT L D Rt S AL S
(e Rtk S Rl OB Pl et (o1 %
ot erlg I8P ARER e 0, ARl RO AR eyt

f j i
e B AL S S PR AR R SAR,
L-thefijic f—bﬁﬂompt (mhehyabryee, & -& B0 -5 1 MY (i dADatTRs, Si on

liquid swells the top coat and an optical i nage may

1-feepydvercieieyyldffeeini@glatd, l-tupe- lagmldhexaf (nfeiadryliatey uni t
Il is less than 0.5 nol% the pattern profile may be

1-rdeth@lr 1 -oydeedtd $methiquayletd, Wethyl-i gclopseyli (med)aailatene
resist is processed by dry exposure; if nore than 50 '
1-propydol -tyiebopentyb(rséthlactylajei agd Swimityls] -cydopentyl (meth)amndatacan be
_optical image may be 25 adversely affected. If the
SivERp Ut exgmplescd) mwdmywrpupﬁomtainmg%re@)@mhc 80d pliybgsters,
solubility of the top coat in an al kaline aqueous

2-hydroxypidml agrylage, delpdroperonyt (mefbacote.or-hydsexspsppyl
(mp e ot T AR TS e ho -G BT BOROY RBRRA e
oo S e e S8 BB o B e
4-Hy GG Ly ASheHPY (et RorHae IR v ©

Moreover, (meth)acrylic acid alkyl esters such as

1-bicyclo[2.2.1]heptyl-1-methylethyl (meth)acrylate; dicarboxylic acid diesters such as

- diethyl maleate, diethyl fumarate, and diethyl itaconate; (meth)acrylic acid aryl esters

such as phenyl (meth)acrylate and benzyl (meth)acrylate; aromatic vinyls such as styrene,
a-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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solvent in the presence of a chain transfer agent, as
required, using a radical 5 polynerization initiator.
As exanpl es of the solvent which can be used for the
pol yneri zati on, al cohols such as nethanol, ethanol,
1- propanol, 2-propanol, 1-butanol, 2-butanol, ethylene
gl ycol, diethylene glycol, and propyl ene glycol;
cyclic ethers such as tetrahydrofuran and di oxane;
al kyl ethers of polyhydric al cohol such as ethyl ene
acrylaygidé, mashasmptanyifie, and ¢ luoromethiryd sﬂ@nglaynmethrb (oeth)agtylate;
et her, ethyl ene glycol dinmethyl ether, ethylene glyco
fatgy asichyinylsstetess, vxwl@myteeﬁléogwmtaimg@wbcaigﬂ podyrhertzable
dlethylene glycol nDnoethyI et her, dlethyle l yco
mogofsEHych as wayl chiprideapd ey 1&#%@1 org P%Wéng diolefins such
di_et hyl ene, egcoI th Ineth et her, prop | ene glyco
as hgririadiong: isapisas, anaﬂd*y éﬂf@d@py 641 Dassdet hyl

b G 5 A 0
R iyr et il e LA Brey ERBT B
1 st w vl el
T P T
S Ry P AR o) A R B pacryiate
4-(%211'1‘&{ IQé’bfa%dF@tZ WHH)?I%&HQ&%&&% eftBacrylic acid §-lactone ester,

r oxy | propi onate, eth%hlethoxyacetate

3- (@ttbwéhthfaﬁasmpﬁabﬂhaylmaﬁwj ~(3-methyl-tetrahydro-2-furan)yl
2- hydr oxy- 3- net hyl but anoat e, net hyl
meBhadBll 0%y Qn@hjacngic acidet ayondesi@®shoxypr opi onat e, et hyl
3- et hoxypr opi onate, and met hyl 3-ethoxypropi onate can
3-Hydrayyvleadan@ntlheshacrylyeland et hers, al kyl ethers of
pol yhydri c al cohol, al kyl ether acetates of polyhydric
3_-lafkhmmll adankeatydriesiflugrainesbyleersglaty as (pribfoss)adriyhc ads ademantane
t he pol yneri zation caggl st in the radica
ester@pzypyméﬂxmwﬂ 4 %éMnonaacﬁ iyl o and
initiators can npl es, azo conpounds
3- %&O%ﬂcyzi@ Zdz% b] é1t%%we’w6wl~p9mqné-yi acrylate as

(tri ugro) E’ﬁlazu{ BOL Spp nggq-r.t r{r)l?q%{eg% anc‘gj@ like can be given.
or TR BT &yiﬁa@wﬂ%ﬁ hY PGS Piemep Sl msghacrylte

G 2Bty BB T mpumpgun mettacryite
3- (Q‘?ﬁe??);}'rlg Fchﬁl'ﬁ?ral(ﬂ e%@ e given. 5 Wen using a

pero e ra rre’rlzatlon |n|t|ator a
31 BRHG L I”Qdaﬂ%wl 1@mu8&m&mhlwie taqforma redox-type

3-oxa-2-oxatricyclof[4.2.1.0" 8]—1-tnﬂu0romethyl-nonan—S-yl acrylate are preferable,
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 (I) and recurring unit (I1) as essential components. Preferably, (a) a copolymer

consisting only 'of the recurring unit (T) and recurring unit (II), and (b) a copolymer
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~The polynerization tenperaturei-s usually from40 to .

120C, and preferably from 50 to 100C. The reaction
time is usually from1l to 48 hours, and preferably
fromlto 24 hours. 10 The pol ystyrene-reduced wei ght
aver age nol ecul ar wei ght (hereinafter abbreviated as
"Mn') of the copol yner obtained in the above
pol ynmeri zation determined by gel perneation
chromat ography is usually from 2,000 to 100, 000,
copriaingy alddditiondmthe2reb@@ing and () 200 recanthgortg(1Dy efecurming ynit
from 3,000 to 20,000. If Mv of the copolyner is |ess
whidhdas 2 200, cogwinens finedhsttamethes thel thed shveby the formula (1) on
- resistance and mechani cal properties as a 15 top coat
thej sidq ghain gndfas v requring\uieik dereeed oy 2Tt oo tampduintdpeleeted from
the | ater-described solvents is unduly low The ratio
theggrowmeqnsistipg ofasiananiane geersed (med ) asurisaicidasenthgy aecurring units,
nol ecul ar  wei ght (hereinafter referred to as "Mh")
carys @¥ft ned by gel perneation chromatography (GPC)

N Bl SSRRL R 5y BLLL L P
L b i
R A G AR AR SRl B e
AR SEPBE AL B B BRI

i . [ 't . 3 i » i i f

e i g L Rl

ratRUhitfire@l HRVaNRIITeRoBH SN LA60H- (thakh bE IRIA0RP (RE1MESF IC)/25 to
centrifugation. The copol ynmer of the present invention

bedvait P obifEL, B6t froRrdbBFD B or GRIADUNE Mie Dhowht bpﬂlee_@@hii@mitlc
conposition either individually or in conbination o

is 300t or lesy, prefRBblAsiOthelYsol lesNthe UsRANBSS the ERUPMREMIt IDfs 0.5
the top coating conposition of the present invention,

to 30 mol%gnefetablit 1 cat0 ohoBsoindeh¢ frmoat 0f ehereatriingesit 111 is 0 to 90
copol ymer without inpairing the |ithographic

moppér drsk praferdliod ta HemoBaposi tion by, for exanpl e,
causi ng internixin% Wth a ?hotoresist filmwhen
applfitegivalee ef{emabhat dA¥ED st(mpi%e ef BBV bE (melde of KRS is leahthan
a %oLvent, sol vents i ncl udi ng nonohydric al cohols can

0. 7Tpeolufilityrpf thestop cpatiip ra alkghna airsous sobitipariwsed asea daxgsloper is too
et hanol , 1-propanol, .isQpropanol, n-propanol,

lo%l:%@i‘eatﬂB coat3o Bgf%egl. t'gkfet@galt‘eaﬁél’ remaig, ap @ ¢yt pattern after
2: pent anol , 3-pentanol, n-hexanol, - cycl ohexanol,

dﬁ%ﬂ#%?ﬁﬂgl-z-butanol, 3- net hyl - 2- but anol ,

2- | -1 - but-anol 3-net.hyl - | - but.anol . T
5. mtpg :ilrp?qng é’% {eé;hu(‘)rfn’g l?}t:glﬁé'lo_r(’zthsgﬁp 5?103%,’ the immersion liquid
swelsThé {Bf)l ottt ERI%QJ}I%IBBL&[ image may be adversely affected.
If the amount of recurring unit II is less than 0.5 mol%, the pattern profile may 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 III 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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nethylf1-pentanol, 3- et hyl - 2- pent anol
t hyl - 3-pentanol, 4-nethyl-I-pentanol,
t hyl - 2- pent anol, 2, 2-di net hyl - 3- pent anol
di met hyl - 3- pentanol, 2, 4-di net hyl - 3- pent anol ,
di et hyl - 2- pent anol, 3-et hyl - 3- pent anol ,
eptanol, 2-heptanol, 3-heptanol,
nmet hyl - 2- hexanol , 2-net hyl - 3- hexanol
5-met hyl - I - hexanol , 5-net hyl - 2- hexanol ,
rerf@owlhyThd reidMamal rerainehhiytesi &-faapinafier development.
6- net hyl - 2- heptanol, 15 1-octanol, 2-octanol,
3- odtharopglyRepofchy preseny émteatiod ¢an be prepared by polymerizing a
2,4,4-trinethyl-1-pentanol, 2,6-dinethyl-4-heptanol,
migtuet dfyrodnisrsiihaecanyiroyen tasholf thelabovneequiring2unite meavcippropriate
3,5, 5-trinethyl-I-hexanol, 1-decanol, 2-decano
so]xer@e@ sheqiresegeeyolth ¢i°@trhty¢nsfer@ggxan@| requg using a radical
3, 7-di met hyl - 3-octanol can be given. O these
Pohﬁﬁﬂﬁyﬁﬁl@ﬁﬁﬂ%bhols monohydri c al cohols having 4 to 8
carbon ato preferabl e, with n-butanol and

4- W&SWP“]EPBQEE%‘&% vewaybigh B bs wsgr &7 the pelymerizaias, alcohols

s g o REO L et Jamt ol gr el Fresgivool
i ot pRomAE i *i‘f cHpfte é'w%fﬁasf}%%wﬁwfu%geﬂ%
dichRe: G eWFFsﬁ%gggﬁH@r‘?é 19 hol hOtegtry? e Ogrl cdl g{o%‘gﬁloﬁugﬁsther

ex ar‘rp S er so

DR B S g e
etk *a?e"tlﬁdélfe IR WYkt ﬁétﬁ&h&’ileth?}éﬁg ﬁgﬁoﬂhgﬂdeﬁﬂﬁ’ ol Qfélthy[ene

mononet hyl~ et her, ethy ene oet hyl  “21 et her,
ghyRbl R ethiC Qieth(}lefﬁ@tgmébl &Et'li?f eth@! M¥h§RAe giyﬁgmthylmethyl ether,
di et hyl "ether, diethyl’ene gl ycol " nononet her
prq:lyﬁtnh gly%BEmIhm&hyl@m&érh)ﬂroﬁtim%lydbl qtdmbmmeet@érymyl ether
di met hyl et her di et hyl ene gl ycol diethyl ether,

acalatet biypcdyteydgl yoholesibly hswehiighe gliybarethyb ethpy heenge g:llf;th}dbne
nononet hyl et her, and propyl ene gl ycol nonoet hyl

03
me
nme

1
3-
4-
2, 3-
4, 4-
1-h
2-

~ glyevhathyl etliek yeetatt hmopdest glyed etfyl Sthpodogtaye) mnd padpgizhe lycol

such as ethylene glycol ethyl ether acetate,

mogpwiethyl ether agetateo Rrosatiihy deschdonnsishas tolugneang ikarlese; ketones
3ﬁ%col ethyl ether acetate, and propylene gl yco

suchis gaetons (metht ethy] ketena meethyd isabuiy Eeqﬁ?y%lrcﬁ‘élal"@@ﬁgﬂ%uch
as tol uen nd xyl ene; ketones such_as aceton

4- }WQfWT -Belyl-2ipsnigpene, ﬁtéq ﬁsapetp%gm}wl asteroeh as ethyl acetate,

%%Ee{t‘ééﬁwiﬁiuﬂamég{ AL, it ARy BBy pioe, cthy
2-112(%%-% lﬂ% %, lgﬁ'g%gz)i%g{t Opthypﬁ)trcﬁ‘bxyacetaye, methyl
'hgfiﬁxﬁy Zﬁn%thg aélg%{tg? lrggf?wg?%l;q?hox%%po\fnon&e ef }haf %o?{ypropionate,
ethg[ %%g%pﬁ%ﬁ%gﬁ#%@g%ﬁ%)ﬁg& orl)(a{/ep%agé)le 1ve Of these, cyclic

ethers, alkyl ethers of polyhydric alcohol, alkyl ether acetates of polyhydrlc 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),

19



10

15

20

25

et hyl 3--ethoxypropionate, and nethyl : :
3- et hoxypropi onate; and water can be given. O these,
cyclic ethers, alkyl ethers of polyhydric al cohol,
al kyl ether acetates of polyhydric 15 al cohol,
ket ones, esters, and water are preferable. The anmount
of the other solvents is 30 % or |ess, and
preferably 20 wt % or less of the total anmount of the
solvents. If nore than 30 wt% the sol vent causes
2, Praabbied 4-dmethybaleesmisilgnaaf a photoresist film
intermxing wwth the top coat, and the |ike, giving
2,% tagebis-¢-erethrconye? -dimtetinil erlerpnionlegforgmsoparvkide such as benzoyl
performance of the photoresist. 20 A surfactant can be
petsixetediadropl pérokide, teghutd ariargpivelappsid i on of the
present invention in order to increase applicability,
1 ldéoﬂ&aﬁﬁmbumlneyoxy)wécrhen@lep hydsegen eesoxideichnd ke lis dag be geven.
the surfactant, commercially avail able
Whan psingrrepaseride anihe gadieal palymeszatien iofi1aey, a mnging @gent may be
BM 1100 (nmanufactured by BM Cheme), Megafac F | 42D,
combifrgg to WSE‘ reox-gype WHalofmnuf act ured by Dai ni ppon | nk

£ gt biicsiatEentn)SHiRryliamo £C s bl fom
SOi% i@(?CGSIL; é%lon]tﬁreédls ysuaépq_]f%p}s\%o ()Ttgg %n pﬁegeé%qy ?Pégl 1to 24

ho4- 6032, SF-8428 (manufactured by Toray-Dow Corni ng
'§I icone Co., Ltd.), and NBX-15 (manufactured by NECS

0. T ki GOUHRLGh Yl VO SR R BT ey
abbt¥ialeaR“LREToE Al cgﬂolymlﬂt Shtdine@B%he bltRe gbﬁnde‘f%&l&edetermmed

given. 5 The anount surfactants to b

by ReRf@maRtion chrdditbgrably WRisGilly B6m!265® th Q00,080 PrerfbE B¥m
wei ght of the alkali-soluble resin. The top coating

2,9001H 96 000, d dhork bﬁef&mafr;&mm B00eRd R2O000.S TAPRY bEtle 08Iy der is
photore3| st filmfor form ng patter ns by exposure to
less aknaidoonsolvidne restanosSuch@an water paistdnce had ingchaukelf prbp@ties as a
a top coating conposition for liquid inmersion. An
to;eocan']s waddf logi AfMvihexctedsCHPHH] Sdlm:hilitg’fin tlh:d&tpr—é&seﬂbed solvents
invention as a top coating conposition for liquid
is undutsr levolbhe aitiplof thtb&led@g}@tyrb@dreduwdtﬂmmbst eyeragfe molecular
form ng a photoresist film by applying the photoresist
wegght ghesgipafiar a@férred EP a5 M0 detgamianed baﬁebmqgmﬁm@m@agraphy
wafer, or the like maybe used as the substrate. In
(GBPHEYIW(MHM the cemlymﬁels peiediiom 16¢ Seand preferably fromph to .
t he_maxi e an org nic or 15 i norganic
ant Hri&pr %rﬁl?lsﬁ@t n*l‘erﬁbﬁﬁ?c‘ﬂ@ YIBTEEnGiR amEstdQpupHEds sugh as

di scl ose ) .
halogéns or me al$." The smaller the amount of such impurities, the better are the

applicability as a top coat and uniform solubility in an alkaline developer. The
copolymer can be purified using, for example, a chemical purification method such as
washing with water or liquid-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

T more,
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JP-B-6-12452, for exanple. The photoresist used is not
particularly limted, and may be appropriately
selected according to the purpose of the resist. As
an exanple of the resist, a positive-tone or
negati ve-tone chemcally-anplified resist containing
an acid generator can be given. 20 Wen the top coat
of the present invention is used, a positive-tone
resist is particularly preferable. In the
cherfisgh¢ bolventrpbddi dsed-opummeitwod thatop cogBigsiompasition of the present
aci d-di ssoci abl e organic group in the po
invgntien @ satvest thet eahaliselve die dovermeatipeed cg@némm adthpeiompatring
the acid generator %on exposure to produce a carboxyl
theyitbegraphie perfesmpmps of thasompesitien by, ferrxamplso sausingdntermawring
of the resist exhibits increased solubility in an 25
wnziu aehateresistdiley whwayapphed fosthg phatgrasistitiiog cambe ‘Fséﬁroved by

| kal i ne devel oper, ositiVv e resis
pat rSHC‘ng‘?:lB%% %Fntsvﬁgh E r%%r@év@rfcwm?ﬁ cang Srg%‘& bi)s
the of ores

xRy p1s ﬁaasiygﬁt'ppneﬁgeolgg%"% 1-pEppgh oaspgoe%wﬁ drbiopgnol,
n-Qingl p6atfly bumﬁ*%%wg QiR 2ptifngh hotik Ry
ov AR B DL £ oS P oL 1

Fesi ot S0l Ut |on 0 a’su e usl pproprlate

3- AR P—guﬂ%lhﬁqﬁtﬁﬁclh é?ﬁar{o‘?t?gl%@l?fﬁ% gk%hbln%'méf eélrtarg

coating, or coat I ng, i ng ( herei’naf

3- rﬁ&m’rley :p@ﬁt%gal aﬁmeﬁ%l-)z ﬁelﬁean%p Bl rh@tﬂylr L2 §él§t§moﬁ OA_WHetiR. lt;ﬁéntanol

volatilize t’he sol'vent. In'this case, comerci al y

¥1L?-Bb1ﬁaﬁcﬁ ,31diROh it 3.98ntaR, DS-ds e la§—ple§tanc;ﬁhe step
ormng a top coat on the photore3|st film using

2.4 maleu@mcpmtanag 4,4 ORRUSI DI puht-HOIBrRES3 - péRanol, Nghdphanol,
top coating conposition of the present Invention onto
2-epanpl) Btiepraoks 2-hdthyh Rhekandls Gahdthyl-Baktangl, Sheethyl-1-hexanol,

conposition again. In this step, the top 10 coat is
5-thethytethexanol, @eathytldl - e nels #-nhdileylPhlatpoaned, i Gmethyl-Bahaptanelp
prevent the |ens of the rojection aligner from being

1- qx@anbhﬂe@tmol R3- Q@m@d)r?emygl-@@l@tﬂﬂﬁlr%thﬁmeﬁWbﬂ cieatanel,

ilm_ In this instance, the closer the thickness of

2 6rqif€1et1ty|ér4c1ts'<atan9b 3zhhodrd, %émlféhﬂ rentagply Arroppe] ez-nonanpb

tﬁr}gggt\,\e,atéyell fH%Eaplggfl%g%o Y 8?{:@gn?@ur§plgq§mi E:? [il?rgertl?y tlI octanol, and

l.ection effect on the upper side surface of the

@tgiergg’fl‘f:"rqcltﬁno %a“'r‘??e%“é?nore it is preferable to bring
e B Mo RS 1 e B A2 o
qﬁgtlefa% ! I\Aﬁtrljl nglgutan a{lﬁilxﬁéthﬁoi §%ntgnoi% gl n%g;%lkticﬂgtrl? p‘i’e?f{:rable

appricati on-of

sol %ﬁe?lrlipgg’)fugbtﬁe %B &)ta?fé) ef &{otoéé&%{n" htsglvgrflt ottllﬂa‘la‘ than the above

process
solvents (other solvents) may be mixed in order to adjust applicability. The other

solvents have an effect of evenly 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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‘I'nthe resist pattern-formng step, a resist pattern
is formed by applying radiation 20 to the photoresist
filmand the top coat using water as a nedium for
exanpl e, through a mask having a specific pattern,
foll owed by devel opi ng, wherein exposure to radi ation
is perfornmed by the imrersion |ithography, followed
by baking at a prescribed tenperature and
devel opnent. It is possible to adjust the pH of water

ethef, ethetenb gtywebdimethy ! pthot, etherksing glyfcol drethybethéredietilene glycol
coat. A particularly preferable liquid nediumis pure

monameihyl ¢tgen Histhyiade glcohmagesthy! sther ithethybnes glyorl dimethyl ether,
| ithography, various types of radiation such as

diemyéﬁﬂmgévqoll giethyl ether; digthylenc alyapbethylnetiag oter,ipnepyheng slycol

i-line; far u]traviol et rays such as 24 an exci ner

mopgmgthy] ¢thef an@@fﬁﬁ#@ﬂ%&iwp auonoptyhetber alkyl etieraceiaes ofnd
| ect
e S R S A A < e e

oG BD 5 SRTE U8 L 2 P 1SR, S 0y
t t, f
ctBEleepls Rl GoRb S AT aﬁf@@eﬂﬁi’f?do’fﬂgf@ Kot sa Ao gstone,
me iso ketdne, ¢ ex
@gﬁlyﬁw RO isoBA8L A LabRisler adl e (o

M pos osure erelnéPter abbreV|ated

4- l@ﬁroxa/v E@e?hgl 58 pgfng%net anp&lgyétgl% Jl?ﬁoﬁ‘%ﬁeﬁé st E? t%&{étﬁte,

sol'ution, "pattern

. t i
butgf‘eq:egatﬂtg SEH g glgg@gglg?g?gt& ﬁq@fh f@%&‘%@é{&% Ilﬂéﬂllﬁi 1@&Eéjtethyl

2-Hyakixp - ﬁlemgﬁfr@wﬁa@e 'e&lﬁﬁmbﬁﬂfcbﬁtee b%yﬁﬁ*jd#&iﬁget%é methy]

according to the resist used and the I ke.

2-hybiixpriemietilyIbutdnthte SmEtReIB -gRURIOPRPidasieNghel ﬂﬁ‘éﬂﬂo@ﬂﬁbplonate,
and washed to forma desired resist pattern. In this

ethglbB-ethokypropionat, and awslsd Byethaxypekehiénasd; @pd fater can be given.  Of
del am nating the top coat. The top coat can be
thess eptl st atheys, radiyb wibdrschliipplydyy disw gledpienity  ethenasdtategofgiolgrydric
t he devel opnent. This is an inportant feature of the
ah@@ééﬁﬁvw&ﬁvﬁﬂt@mﬁwamﬁawaﬂékuhm es of the devel oper
used for form.ng the resist pattern in the present
i nvEhe ampunt of F%@Iqﬂ?f‘é selyerts i5s3 Ot 01 68t 2gt nrs‘éar@dy By wit% or less
i ssol vi ng ékallne conpounds such as sodi
of %qfal)anaémt ploths sQlivents-hyEmgLs hao 3%@%%6@3%%%68 problems
um si l i cat e, glum net asi | i te anmmon

sucztaﬁﬁog}olql q,fét P ﬂt%?sgﬁ My infeEmigagE Wi OR &oat, andathe like, giving

riscor B Ry BF AN gw%{a?solﬁfi?%t’?{%%ﬁ?ﬁr%‘etﬂg plpiStebitt 2™ "

L%&g”ﬁ%&&&”ﬁ@@ Ffé%@dy\gltgﬁg:dtgg C(Sa%tnrﬁaﬁ)mﬁém 1011 op the present

inv%l?tga 3%‘1 gg :t(g %/ﬁg egs% zﬁn‘pﬁ ?8111'1% %%fgagﬁ%n@zhﬁvgmg 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 Chemicals, Inc.), Fluorad FC-135, FC-170C,
FC-430, FC-431 (manufactured by Sumitomo 3M, Ltd.), Surflon S-112, S-113, S-131,

S-141; S-145 {manufactured by Asahi Glass Co., Ltd.), SH—28PA SH-190, SH-193,
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be given. An appropriate anmount of a water-sol uble
organi ¢ sol vent such as al cohols including nethanol
and et hanol or a surfactant can be added to the
devel oper. Wien devel oped using these al kal i ne
aqueous solution, the resist filmis usually washed
wth 25 water after the devel opnent. EXAMPLES 25
Exanples 1 to 46 and Conparative Exanples | to 2
Copol yners were synthesized in the proportions shown
SZ-603ZabF-8418 Gunamfatiurgd bp TotapeDdvo Coenihg §ilivend0d., Lidy, andl
Wh of the copolyners were neasured by gel perneation
NBXw 6 ifmbograpled by GRS o, Agd BROmdreuatiy a¢dileBRADIdxing-foee
2, "G3000HxL" x 1, 5 "&4000 Hya" x 1, manufactured by
surfagsaps Boh ps Folyfiow Nui. §h (panifantured by KeP6shgplaanaital Co., Ltd.); and
("HLG-8120" manufactured by Tosoh Corp.) under the
theflielcombagiveondi tions. Flow rate: 1.0 nml/m nute,
el uate: tetrahydrofuran, colum tenperature: 40C

st anberaoprifol seredantyistkeraddpd isspfetibbip®pastscby weight or less for
ol ystyrene Proportions of the recurring units in the

10@3@%} ivupight Rfithe Hkglsarleblesyin3c 10 NVR The monorers

o B e TR e e RSS2 SR
i T o T i, kel S Ty
use%‘l_‘oaﬁ% t?&%)tin%&'ﬁ@si%ﬁ §0r(li|};/tuz(li) intri. Oad egr_lllplec EJtCqu’“ip’nglth%:S
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 paﬁicularly limited, and may be appropniately selected
according to the purpose of the resist. As an example of the resist, a positive-tone or
negative-tone chemicall’y-afnpliﬁed resist containing an acid generator can be given.

When the top coat of the present invention is used, a positive-tone resist is -
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 aresult, 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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CF3 /C-CF3 O= S=O (M1) HO CF3 CF3 (M2) (M3) (.N3
Cl 13 CHz=C CHz=C CHx=CH CH =CH CH =CH CHx=CN C=0 C=U
C=U C=0 SOBI| CHx COy'~///\\~ OCu3 00 (S1) 80311

(
\

=1

Ib (8-2) CH CHx 16C CF3 CHx (M6) (M7) (M8) CsFn

(M9) 3 CH CH CHx=CH CFI,=CH CH2=\ dIlx=\ CH2=\

C0H=0=0=0 CYS-GCCH3 00 SBH\ ~ ,~z R3C" i |

r\ H3 o (S3 SOBHOOCQIlI O (S4) 0 (M10) (M11)

(M12) CFS CF3 CR3 1 I I CHz=C CHx=C CIx=C _O C=0
filieaapprppidate kbl@RADE3 sol{dohnt 68 149 20 MtESJor example, filtering
the solution through a filter with a pore size of about 30 nm, for example, to obtain a resist
solution, applying the resist solution to a substrate using an appropriate coating method
such as rotational coating, cast coating, or roll coating, and prebaking (hereinafter
abbreviated as “PB”) the applied resist solution to volatilize the solvent. In this case, a
commercially available resist solution may be used as is.

The step of forming a top coat on the photoresist film using the top coating

composition comprises applying the top coating composition of the present invention

onto the photoresist film and, usually, baking the composition again. In this step, the top

-coat is formed in order to protect the photoresist film and to prevent the lens of the

projection aligner from being polluted with components eluted from the photoresist film.

In this instance, the closer the thickness of the top coat to an anisoploid of A/4m
(wherein A is the wavelength of radiation and m is the refractive 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 Eithdgréphy, various types of radiation

such as visible light; ultraviolet rays such as g-line and i-line; far ultraviolet rays such as
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Anong t he -above nononers, the nononers of the formul as
(M1) and (M2) 5 produce the recurring unit IA the
nmononer of the fornmula (M 3) produces the recurring
27 unit 1B, the nononmer of the formula (M 4) produces
the recurring unit 1C, the nononers of the formulas

(S-1) to (S-4) produce the recurring unit Il, and the
mononers of the fornulas (M5) to (M 15) produce the
recurring unit I11. The nmononer sol utions were

an pr@per kdertdightti XSsols\siicigasmyndretren ofdidtioe; awel dhiatged particle rays
corresponding to nol % shown in Table 1 and

such 2'eleatroh beanfOmmpbdsel actively usqst awpo et te thegrhotaesist film used and
initiator in 200 g of isopropanol. The total anount of

the srenbimion e hehopatp e flmandaby tstcod HoImDGsign lhasragy. Tn
nm three-necked flask equipped with a thernoneter and

pagicdlap ppb neplerpla fepsadight Fperagedrfixeimer dyervesvelength: 193 nm) or
| sopropanol and purged with nitrogen for 30 m nutes.

a kKl e?ﬁ@%éﬁ#?’éﬁwavérg“@%éz‘f& 38k was heated to 80C while

stircring using a netic stirrer, The nopo 3
Sol tis BrbTsTARIAde Bertordh Bashew e bakimedneremiRe BPHH s
w anel and dropped to.t flask over 3, hours. Afte
P Bl o RV n LA B W PO despiio e,
t hen...al |l owed t.0 copl, to 30C or .| ess, ther.eb o
deigapilTng TG o BB badirgRianyf Ky QR 50 to 200°C, and
[ t R p0 ' I . ' g
e B 30 ph e BlgilhchoBlanl RORERALL RS
dihb & 8R! ¥ER I LnasHOLREST zi ng the copol yner (A-4)
acr%;? 1&arr%l é 4 a%ﬁnhe copol ymer (A-16) of Exanple 16.

28 frhaBhstofesist MM thed\MidVeld E@ug‘fn%aﬁe%lf)pe}( afd Washed 5 ¥ a
NYwmJg PWNYquFqW WNrO YYYYYY
dediredl rsisf p¥ttdnY 1N tiis ¥asé, iY ivhof n¥cebsaly Yo 8dd a diep oflddlarhindtifg the

NNNNNr YJYYYr NYNwmJ at 111 P WN 1+
tog dcat. Ah¥MdY ddaCran by cdniplegel? réthdldl durih@@evelopment 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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|
I
I I "~ Nr I 201 NNI 211 11 11 O0OO
O 101000l p12111111 1
c$ 12o #6nd Conmipatative Exdmpled 1102 1 1 1
It 111111111 Hor a
ollmprs]ware syrthgsized in thelprapdrtidhs shown 1d Tabld ! lacdording to
11111 111011111 111¢gp 121111 11
thq fohl_owmg method, |M\|v amd Mq:of the qopply_r_ne_[s were meagurgd by gehpelmgatlon
11- will 111wl1l1111wl

ChIPH![dtqgrwlw(ﬁPﬂ) Nsung @PgC aoinmas (IVGZOLQPHM x Qv &3OOPH|><L1 x \A/, |

w
“Gqu_O Illpgl X l,llmp.anaqtuqed@yj_l‘ ojoh pr.)pnaéué}hpﬁormance GPC apparatus

(“HLC-8120” manufactured by Tosoh Corp.) under the following conditions. Flow rate;

&

'e—
N
B

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 °C

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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(5-2)

(M-8)

M-
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M-15)

{(M—14)

(M—13)

Among the above monomers, the monomers of the formulas (M-1) and {M-2)

5

- produce the recurring unit 1A, the monomer of the formula (M-3) produces the recurring
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[ 2112102001 WNILFL1©LTILT1T1I
of 1he foqnqlas| (Srl)ﬁo (S44) praduge therequriing pni0ligang! the odo@eB ofithe
U ul JggqJldJJgqYf+J ORVC OYAuUl Y

for@u}m\@vkﬁbo 18 NOWWhe recgringgE I OPrt OO X M
the resulting copolyners, the post-treatnent
rret hﬁ'@ﬁ MENOMFSOMSONT were Repaed bydissdyag yaseaepstof the weight
elto 12 (A-1 A-12)

CO‘E‘E?BB ‘i’%?oé“%‘@@gg’dﬁ ITéblel ang 2@@&?#1%-(%616(116(5@9,&1/1(5”01’-’10“3%) as
-~ 46 ost-tre ment nmet hod Iled
aﬂ%ﬂ%@ﬂ?@g& r‘r?é“&’&o%’fw]lrzxi fotal panqugt ‘%@g 0801?2"3(1’/& Pféedt‘ﬁas

aihs g d the copolynmers (CG1) and (C2) of
aJ&ﬁ% i%e Exanpl es. The post-treatnent nethods (1)

5 an‘Q 1(5%5 o ﬁre@%ef:l?edl PR ‘equipped with a thermometer and a dropping
funnel was charged with 100 g of isopropanol and purged with nitrogen for 30 minutes.
The content of the flask was heated to 80°C while stirring using a magnetic stirrer. The
monomer solution prepared as above was added to the dropping funnel and dropped to the
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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Table 2 (Contin ed N x~O_x ry 0O...mmyYn
apmed\to ovcoRoloper ot xamete 1 B Braie g2 (Ad W72 angothe m

YYY
cop@l&meré: ?g—la apd (Cv}) of éoglpg{rainve? E)ZaanlZs YTze gosYt téatment 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
soluﬁon 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 slurry 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 (wt%), and ratios of recurring units in the copolymers were

determined. The results are shown in Table 2.
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filtered through a filter wwth a pore size of 200 nm
to obtain solutions. In Table 3, B indicates n-butanol
and 4M2P indicates 4-nethyl-2-pentanol, respectively,
and the solvent ratio for m xed solvents is shown by
wei ght. The top coating conpositions obtained were
eval uated by the followi ng nethods. 10 The results
are shown in Table 3. Conparative Exanple 5 is shown
Examples dé e P2 aekComrampyeExamplehd &hd pat t er ni ng was
eval uated wi thout using a top coat. (1) Evaluation
met h&ep efatigg m@pqmlwqpsé‘g%h%d Ipmglsigrowasevatlersd upige the
cqonpositions in Exanples 47 to 92 and Conparative
CO@T&H@S@@W% the abpvgexmplese  Selysnty shewen tiskadled weresidded to
for the top coats of the

coRlymeholids o rrais to Tk AT uhal B Selibdheient of 1 g 99 g
e e R P
20§ PR P Etrps g Bedor HaSRat BPolsl e BEF it

B op PR SRR RGO B S P ovm by

wei%'l}gi cated as "Good", and a copol yner producing
di ssol ved matter or 20 exhibiting turbidity was

?\ég :j’Pl?et t%? cBﬁir@%\éﬁlgegﬂﬁnss&Jtﬁg%ﬁ %v%ﬁé Adadn g&r Gl ﬁox@ﬁlg in%e)'/:hOdS'

2) Eval uation net top coat” renovabi

Thé ReIRY 2Rishdvwy In Tab: T OMRAKIiRREMRHE $RIsNowRat §FeBRnce
ei ght-inch silicon wafers using "CLEAN TRACK ACTS'

exdnifle) Uh adi ¢l Rekeminglaky ovakilaat wRRout kibidg h téhebapaked at
90C for 60 seconds to formcoatings wth a thickness

(1)advaB2tiocmmetiiod of kolokilies&Sohatslisyipasur ed by 25 usi ng
"Randa Ace VM 90" (Daini ppon Screen Mg. Co., Ltd.).
Af t dforpaaidhitng aenpeisivione it EXateyed 4er92 add 88%pacutiee Bxamples 3
solution of TMAH) for 60 seconds using "CLEAN TRACK |
to NATEo! the potdy mers usrdlsas resies foatler top weate wird aldedio 99 g of the
spi nning to observe 34 the surfaces. |f devel opnent
solygngs shows iaflablgidtand ke midnigs asrduirreg abh@ rretsing héhree-one
renovabi ity was judged to be "Good". If_a residue was
mO%ggrr@&‘ﬁ,hovﬁe FhseRpebimars obtgined 1n Burgaeies bthk2 wesgdsed after

drygrﬁthgéal )gt&%'%gwglﬁh.‘? égpgf(“eﬁ)rr] é‘é rhéng')[élt A Fcé{dnsfyggé me)l( i:hrt]e%)valgation, a
o ST e SO Db TR oot
L S IR R T e I A
exhibiting turbidity was evaluated to have poor solubility and indicated as “Bad”.

(2) Evaluation method of top coat removability (Removability)

The compositions were spin-coated on eight-inch silicon wafers using “CLEAN
TRACK ACT8” (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 paddle
development (developer: 2.38% aqueous solution of TMAH) for 60 seconds using

“CLEAN TRACK ACTS8” for 60 seconds, the wafers were dried by spinning to observe

34



10

15

20

25

a prescribed thickness (300 nnm). The top coat

conposition for liquid imersion was spin-coated on

t he above fil mand prebaked (PB) at 90C for 60 seconds

to forma coating 10 with a thickness of 32 nm

Utrapure water was injected onto the wafer fromrinse

nozzl es of "CLEAN TRACK ACTS" for 60 seconds, followed

by spin-drying at 4,000 rpmfor 15 seconds and paddl e

devel opnent u5|ng LD nozzl es for 60 seconds usin the
the'sarfeogy THRACrelommrant was gamglele Wthyo renuen beipg gb

2. 38% TNAH, sol utign was used as a devel oper
fef?‘ﬁ’a Wiy wagy %SM "Goeg” Af & FRSUR Vias bsesvad Hig rempvability was

uid i rsion was renoved by the devel opnent step,

JUdgﬁ “ﬂ@%lggﬁcoating filmwhich was not exposed

(ﬂ&iv.“ﬁlaﬂ SR LSO 88 (i Bai g pon Screen M. Co. .
tL }’1?0 Khess g%& glar\?égc Hretdq)ﬁ’g[ P Bt (?‘ﬁrgn‘l)"fﬁs %QI;? cfr’ﬁ%%ﬁf}(‘ffll‘ﬁ’ “inch
th&I w@%pw&lm[@ruga%gﬁa}lou%&ashg%gﬁd %P}]ﬁéﬂﬁs Ereﬁme 188‘?% 86 seconds).

occur an

The ﬁ?a?ﬂé 'vTag gré&glge EBE a‘ﬁB g aWC%?@%&%pﬁ&qg Rptaﬁl/g film with

tion resdalt was rated as

a pgsér%eld' thik R4 30t D ?fle Fdﬁﬂzo‘ép&;m}ﬁ)@ﬂﬁﬁ%rt ﬁ(@ﬁ; {tfersion was

[iquid imersion in water (Water = Resi stan
spifi-RB3hted Bn (HehbE¥ RSP AR prel_?ﬂ@e& () #boichRr b0 Qec%ﬁ@é to form a coating
conmposition for liquid imersion was formed by
withpithicReat oN32 amd DliehakedatePB)s @jecdGnfdthe MAfG TR EiSse
on an eight-inch 25 silicon wafer to neasure the
noizus@f FEEE ADY TRAICKIA CRETEE 68cecoids HBTlowtd by sfihHdeyinghes,000
was i njected onto the wafer fromrinse nozzl es of
rprti GirHANeTRACKnd\GAddl g ddveldpowstiudiyg LBpioazlds foir 6§ setonds 06 the
rpm for 15 seconds. The thickness of this substrate
“CIBANTERAGKAICTES thegeliyremplimg thhtopaovetunA 2038%0 dMAHsgueaus
t he thlckness was 0.3%or less of the initia
solptiancwaaisgd ag pdevedeper ﬁgthwéqulfamg@n Step. bélﬂm%b lthe enating for
eval uated to be ' %? and to be if nore_than
IEILS &m@sﬁlceww&moa by tfﬁai%lpmnﬁ@t steps, thFHESI%\PQP% filghwhich
t hod of patte n|ng a resist using the ahove top
wal BoeRpase JBRE PR BRI Dt goae BB gn%swaggmﬁmaﬁ Rmda

AL R Eﬁﬂgﬁpﬁaﬂ é?{eﬂh"%fé&é e RR AR i 1fthe rsis

Rlnrir it e e

BB 5 G A R o

and if the change was greater than 0.5%, the evaluation result was rated as “Bad”.
(4) Stability evaluation of top coat composition for liquid immersion in water (Water
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 ACT8”, followed by

spin-drying at 4,000 pm for 15 seconds. The thickness of this substrate was measured
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wi th a thickness of 205 nm was prepared by spin
coating and PB (130C, 90 seconds), followed by
formng the top coat by spin coating and PB (90C, 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' (N kon Corp.), 15 ultrapure
water was injected onto the wafer fromrinse nozzles
agoh "EWhentePRAOK #fGicregse mdhe Bickoessonad) 3%l laspetithoyinitial
Sspin-drying at 4,000 rpmfor 15 seconds. The substrate
thlwase% eshcoating wet adgedtoirBtiblead ewlatddohdS$Hood, hé to be
«.hot plate of "CLEAN TRACK ACT 8", devel oped (60
B§@c@ﬁﬁ§7ﬂ@§lﬁb LD nozzl es of the "CLEAN TRACK ACT 8",
rin gh ultrapure water, and spin-dried by
Gy t@@o PAtErEg® Ir pm for 15 seconds. 20 90 nm
I|ne ace tter s were observed usj ng a scanni ng
e ecir S g @ﬂ%@@m@m ! AREIF A g Bty FPR R30S
d ch Fi el ding Corporation) to determne a
e%§ 8§B F8%dose at which the Iine width was 90 nm

o men O o B GBI e eTahy DB el PP HsiEEs: oo
P A OS2 A Yt
Bré\h&eSc?é?lge ,3R&% 6n E@&%ﬁ{ ﬁcﬁ“sﬁa@% ewahﬂr% %Bgtl%lpggerﬂ%\é\ﬁs

observed.” H gure cros

pr&meéd Mgatmmfzzmlﬁe Ihdrﬂ?acaﬁgd 5?@1@, EADHE The “ARIAAT film
dth Lb in the n1dd a pattern 2 on a coating

w1ﬂ1thﬁEﬁn&B oazwmtwa@tpeephrm $in E6Hind ﬁna\m 1(23@@ 90 sédd@ds),

upper part of the coating were neasured

folh:mreﬂlbglfbaﬁmglﬂ& mptéat byupesbatitg andERB @W@I 80 secHh@) tdobkain a
(La - Lb)/Lb <= 1.1 was satlsfled as "tapered"

coaﬂmgnwﬂuathiﬂk)xéslsb)f 320D Maest, afibi Sfposute uadg thsconditions of NA of
"head- proj ected" when (La-Lb)/Lb > 1.1 was satisfied.
0.78, $igmEREMBS.ang 2/3' Mlmﬂglﬂn AiH propictitn aignlar CI306EE (Wikoa Ubrp.),
nm prepared by gg coating and PB (130C, 90 seconds)
ultmsr%?rémsem cgted pfe thastfontrowningé nrzidsof HCREAN TRAGK ACT
Lformng a tgﬁécoat (6). Evaluation of patterning 2 The
8 @vélolfa%qnéﬁ fi ‘ﬁ%bwpupréﬂtl@s #i hePLmmyfor d§jsegonds ?f@etshlestrate
ove t.o descri ped hel ow. After formng a
waS BE U 15 L R 0% sesm%om bl aeiccnt BB HAN TB9EK
an. unde a r‘J 1.0 "
Affa"  ARIFBITRT #w%%&%as &%E ACT®”,
rmse g¥1{}10 eltra%uz{?t g}e&sar@ép 1ed blyns%ngllnlg at 2 BOdVa Ebrbl% segonrés
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).
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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produced using "ArF AR1682J" (manufactured by JSR

Corp.). The "AR1682J" film 15 wth a thickness of 205
nm was prepared by spin coating and PB (110C, 90
seconds), followed by formng the top coat by spin
coating and PB (90C, 60 seconds) to obtain a coating
with a thickness of 32 rim 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" (N kon

width L op the upper apt pgthmpétrmgmsrei mgagetedd bhe eonfiguratighewere

. fromrinse nozzl es of "CLEAN TRACK ACT 20 8" for 60

judged andsctangalarovdan By spllrit dk§ Ay <atl . laveoowtisfine fvitapesed”

gonds. The substrate was then subjected to PEB
leacl-b)deb s Ocbwasatished; gad pot hespprereged ™ whenp(latichadib > 1.1
ACT. 8", devel oped (60 seconds) by paddl e devel opnent

Waﬁéﬂtﬁg‘*% nozzl es of the "CLEAN TRACK ACT 8", rinsed

4 008 Tty 4aELE et w8 aghkaett pﬁ%@if?g Deipahe by spin
coff BB LB S EEM S W00 T0T eAaBh St e oo
fo'ﬂﬁfféﬁ@%gﬁm poration) to determ ne a exposure dose at

ine width was 90 nm (opti mum exposure

: 1 b mum | i ne- and- space di nensi on
(6)%2%13%%3%%@%%“ mum exposure dose was taken as
the TiRSQhIbHGNmetHRE JF patdrheVre rtfsslﬁ‘?wging BhelHOVE tod cobl's
cross-sectional configuration of a 90"nm
desciib@t sy space pattern as shown in Figure 1 was
observed to neasure the line width Lb in the mddle
and Afe fhiniagvicdbiingd @itk A thibenddPPET7 MAAAQTPE 205°C for 60
coating. The configurations were judged as
secondsg using ah anderlaperrefleQiofiprélenting iy /ARC29A” Imhnwfastured by
satisfied; as "tapered" when (La-Lb)/Lb < 0.9 was
Breyar iSsfenes) Incaneh aseightheclusipra] wefiee tly spthenatirgapdtheyihd vere
1.1 was satisfied. In Exanple 5, "AR1682J" filmwith a
produgedisings’ ASF ARISSAR (mraapfacadedlyy ER. CorpdatThed ARIGSPE film
itEllOC, 90 seconds) was subjected to the eval uati on of
W

atthigknashel 245 M was prepareg by spip epatiog arbBB (1 BEC] Sthssicends),
3¥Nk ggi-_lagmo,mmo_lmq 01 m01 01 01 U 01 W |
follgpve by farmpng e fomeept ppspin coateyg and B3 Xo(peconds) tajolgpin a
coNAV\%NY'Elgﬁi ..
ating with a thickness of 32 nm. Next, after exposure under the conditions of NA of

wh?:i

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 87, developed (60 seconds) by paddle development using LD nozzles of the
“CLEAN TRACK ACT 87, 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
microscbpe (“8-9360”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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1. 1 was satxsfo edoas0 tgpe(r)e when (?daqlbgfL% <0 08 was sat;sf%d and O 0

“head-projected” when (La-Lb)/Lb > 1.1 was satisfied.
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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eaq{l%mpgkﬂ(wmr@{wﬁ dilrek Bheytop ¢pat which can protect a lens and resist and

can form a resist pattern excelling in resolution, developability, and the like in immersion
lithography, particularly in immersion lithography using water as a medium, can be
obtained. Therefore, the composition can be extremely suitably used for manufacturing

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: a substrate

2: a pattern
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Because the copol yner of the present invention is
di ssol vabl e both in a solGlekiMS cont ai ni ng a nonohydric
al cohol and in an al kal i ne devel oper, the conposition
can be easily applied to a photoresist film The top
coat which can protect a lens and resist and 5 can
f or i A ceralymer gomprising asjaesy driewgeuirning eeib(Ils¢lented from the group
devel opability, and the like in i nmersion
consiStRG §F A FrAAITigat hayinga gropp shayrehsihe dollawing derapty (1), a
usi ng ter as a nedium can be . obtained, Therefore,
Tecfg IngiagHoRRSMopE byde &pHaWing fprimag 42). A @ e@HTing unit

manuf act ur,i n sem conduct or i ges, ich ar
having,a ¢31 B! T, AL ﬁfi&‘F%m&ﬁJd‘“ng[S Yavipg asulfo grpupphegopolymer
DESCRI PTI ON OF THE W. Fi qur 1 i a .
hayipi g velbl ¢ et Moo oy e Rt derusthiied el pSmention

ohe g EPY o 200 UL 1 TANS 1. A copol yirer

conprising at |east one recurring unit (I) selected
fromthe group consisting of a recurring unit having a
group shown by the followng formula (1), a 5
recurring unit Raving a group shown by the follow ng
Rbrm@it-aR*(2), an& M recurring unit having a carboxyl
grou(kgll%5 and. a rgﬂglring unit (11) having a sulfo group,
t he ponneﬁL_ aving a wei ght average nol ecul ar :
wei ght determn by gel perneation

UJ )

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 1 to 4 carbon atoms

2

and R’ in the formula (2) represents a fluoroalky! group having 1 to 20 carbon atoms.

2. The copolymer according to claim 1, wherein the monomer producing the

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

G),
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- chromat ography of 2,000-to 100,000, I~ RA-CGRZ NH |-

- OHO=S=O0 R3 (1) (2) 10 wherein R and R2 in the
formula (1) individually represent a hydrogen atom an
al kyl group having 1 to 4 carbon atons, or a
fluoroal kyl group having 1 to 4 carbon atons,
provided that at |least one of RL and R2 is a
fluoroal kyl group having 1 to 4 carbon atonms, 15 and
R3 in the formula (2) represents a fluoroal kyl group
having 1 to 20 carbon atons. 2. The copol ymer
accordiBg to claim 1, wherein the nononer producing
t he -Lgéurring unit (11) having a sulfo group is a
cotPutitd shown by the following formula (3), 20 42 R
| CHz=C A (3) ( SGBH wherein R represents a hydrogen
atom a t hyl group, a hydroxynethyl group, or a
trifluogonmethyl group, A represents a single bond, a
car bonyh group, a carbonyloxy 5 group, an oxy car bonyl
group, &MHB represents a single bond or a dival ent
organic group having 1 to 20 carbon atons. 3. The
copol ymer according to claim1l, wherein the recurring
unit having the group represented by the formula (1)
is shown by the following formula (la), 10 R

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
5  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),

10
/R
—CH— C—)—
\
C=0
/
0
\
R4
FsC C/
L C—
JARN
on €k
(1a)
wherein R is the same as R in the formula (3) and R* represents a divalent hydrocarbon
group.
15

4. The copolymer according to claim 1, wherein the recurring unit having the
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-(CHm -C-)- CCOO R / F3CGC OHCF3 (1 a) wherein R
is the sane as Rin the fornmula (3) and R represents a
di val ent hydrocarbon group. 15 4. The copol yner
according to claim1, wherein the recurring unit
having the 43 group represented by the fornmula (2) is
shown by the following fornula (2a), R ---~CH \-~-
C0 o0 (2a) R NHI o0=s=0 R3 5 wherein Ris the sane
as Rin the formula (3), R3is the sane as R3 in the
grobip renresenied by theafedmpia (23isahoen hy Henfellgwmggormula 2w,
copol ynmer according to claim2, wherein the conpound
represented by the forrmula (3) is at |east one
recurring ugit selected fromthe group consisting of
10 vinyl sulfonic acid, allylsulfonic acid,
2- (refbaeCybani de- 2- net hyl - | - propanesul foni ¢ aci d,
and 4-vinyl\I-benzenesul fonic acid. 6. The copol yner
according tdC=@im1 or claim?2, wherein the ratio of
copol yners {s such that the val ue of [ (nol % of a
recurring 6%it (1 A) @raving a group
R4

/
NH

I
o=?=0
e

wherein R is the same as R in the formula (3), R’ is the same as R in the formula (2),

and R* is an ethylene group.

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

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

6. The coﬁolymer according to claim 1 or claim 2, wherein the ratio of
copolymers is such that the value of [(mol% of a ;ecurring 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 is

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
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15 shown by the formula (1)]/60 + [(nol % of a
recurring unit (IB) having a group shown by the
formula (2)]/40 + [(rmol % of a recurring unit (1C)
havi ng a carboxyl group]/25is 0.7 or nore. 7. Atop
coating conposition coated on a photoresist filmfor
formng a pattern 20 by applying radiation, the
conmposi tion conprising a resin dissolvable in a
devel oper dissolved in a solvent containing a

copety et ﬁn@iwﬁ$@ﬁb10fﬂﬁéT%|n the resin is the 44
copol yner defined in claiml1 or claim?2. 8 The top
coating conposition according to claim7, wherein the

solvent is a . nonohydric al cohol having 4 to 8 carbon
at ofrsI egop coafiRg cPmpOHHAR P??Qf Eﬂﬂﬁ’og?‘ﬂ brivhesein die hvest 1s a
or e t filmfor_ fo a pattern by applying
moPelai B Ao PG G & GYRPHAATT, "aher i n the

conposition is a top coating conposition used for
liquid imersion. 10 45

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.
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