1 DESCRIPTI ON MATERI AL FOR FORM NG RESI ST PROTECTI ON
FI LM5S AND METHOD FOR RESI ST PATTERN FORMATI ON W TH
THE SAME TECHNI CAL FI ELD The present invention rel ates
to a material for formng a resist protective film

and a nmethod for form pgsariestsSfy pattern using the
sane. Particularly, the present invention relates to
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| east a resist I'mon a route of allow ng
l'ithographic exposure light to reach to the resi st
filmby exposing the above resist film while being
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. USI th terial . BACKGROUND ART Lithograph t hod
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features in various kinds, of. electronic devices, such
patt B Ui it L 6P Hoi PR S A7 Gon (0% JRFSFON ot ERRT on
1 However, as the device _features are further , ,
relates e 7 i BT haYi AGL nfAFRLDe| 2elCF_8EsPTRARFEANS fAln
. _lithography, processes will also desirable. In the
which (camde® $REFaPLlyoRsedahdl 8, LadriehégthpRyapRycBESCEss by
., how allows_the formation of a fine resist pattern
whlc%ay¢%gr%§oﬁm§¢og7gf a resist pattern on at least a resist

film on a route of allowing lithographic exposure light to
reacH'tohthe resist film‘by exposing the abo%e resist f£ilm,
while being intervened by a liquid having a predetermined
thickness and refractive index which is larger than that of an
alr and smaller than that of the resist film, and to a method

for forming a resist pattern using the material.

BACKGROUND ART

Lithography methods have been frequently used for the
- production of fine features in various kinds of électronic
devices, such as semiconductor devices and ligquid crystal
devices. However, as the device features are further
miniaturized, having miniaturized resist patterns in
lithography processes will also desirable.

In the advanced field, for example, a lithography process

now allows the formation of a fine resist pattern having a
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2 line width of about 90 nm However, finer pattern
formation wll be required in the future. For
attaining the formati on of 3uch a fine pattern having
aline wwdth of less than 90 nm a first step is to
.__deve] op i t hography vi ce and_a correspondi .
Line ({FEPoR abbir IRrBFL MG derbTore et o fg e
... lithography device include shortening of the
will BGef ﬁ@fﬁédofntFEelF@Fngource such as an F2 |aser,
Euvxéextrene,uv Iight%gmelectron beam and X—raé, and
i et Ry hRY ntiver § a%&ﬁﬁt%ﬁes%ﬁﬁoéofl?ﬁep? fgrn having
. However, the shortening of the optical wavel ength naX
2 lipggiidehachehrafdtidre®@xpBnsfvELFFENSERRPAY BBvAEEelcp a
... In addition, due to an inverse relationship between
lithegrarhgs@eviFBnaafdat RerFTeeRPNEAEPEhTREAER, &@mmeE fartors
resolution is increased, a disadvantage occurs at
to conpghdpln farwAeealepéay tleplhthpdrarbycdesdes. include
Recently, a nethod known as a liquid inmersion
shorténhographihervevssehathbeefi thpoltight( eoyrce such as an
_ Non- Pat ent Docunents 1, 2, and 3) as a lithography
F2 lasehnoEdyy (evtzeneeUVsltbhpl pbedastrbn beias, prode¥sray,
liquid such as purified water or a fluorine-based
and imer¢asigai théretmacicud apderkurki quURY, oifmreesilens.
liquid) is placed on a resist filmin a predeterm ned
t Hokeness, bettaesioatéehisgantl the opsishlf wkmelkngthhmay
met hod, the space of the path of exposure |ight, which
requise gongenthanablry Ekpkadivet DitAehtagly Slk&hcas ain
or nitrogen, is replaced with a liquid having a higher
additebfpciiyetbndaxifnprsel 0610x¥afRELE i pUbehi@@nnvaher, to
attain high resolution wthout _
resolution and the focal depth width, even if the resolution

is increased, a disadvantage occurs at high NA in which focal
depth width decreases.

Recently, a method known as a liquid immersion
lithography process has been reported (e.g., Non-Patent
Documents 1, 2, and 3) as a lithography technology to solve
such prpblems. In this process, a liquid such as purified
water or a fluorine-based inert liquid (refractive index
iiquid, immérsion liquid) is placed on a resist film in a
predetermined thickness between a lens and the resist film. In
this method, the space of the path of exposure light, which is
conventionally filled with inert gas such as air or nitrogen,
is replaced with a liquid having a higher refractive index (n),
for example purified water, to attain high resolution without

a decrease in focal depth width, similar to the use of a light
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a decrease in focal depth wdth, simlar to the use of
a light TKYF-070 3 source of shorter wavel ength or a
high NA lens, even if an optical source having the
same exposure wavel ength is enpl oyed. Such |iquid

i mersion |ithogra as been gi ve onsi der abl e
Sour%?t%ﬁt?Bﬂrﬁssaﬁ%g6$%§g€% o3| FoRATR ﬁ%nien?np?gﬁ%n%édan
n,the exis g device to realize the for n
Optl?%%u sPUp&Ft Pﬁ EEpEPFoP%W?Iﬁ%ﬁﬂﬁu§%xﬂﬁYﬁ {hob%r?vployed'
wel ]  as.excellent in focal depth in | ow costs.
( W@a%%%?l%%rﬁ?ﬁ%?ﬁlcf} S eSraphy \BRE USSR | ShEe! &
Technol ogy B (J. Vac. Sci. Technol. Bé (I ssued

COHS%%%H%?§Q aprenplien Q@Fauaq ikg. uge page¥s3306£8309,
. 1999. éhbn Pat ent Document 2) Journal of Vacuum
impleperhed &0 thenhasiobine ¢9vivactosepaligenhbe. fpymation of

(Issued country: U S.A), Vol. 19, No. 6, pages
a repBsl-paEEerposIPrerioA F@tbhghﬁﬁcyﬁéﬁﬁug}onr@é@éérﬁgsas

of SPIE (Issued country: U S. A ), Vol. 4691, pages
well 489-4B85el2e0R. iPhceal Oephhehn lPWInDétﬁationa

Pat ent Publication No. 2004/074937 DI SCLOSURE OF THE

| NVERNT | Rt et obdewsein be Bollvedl bgft WacthnmeBcience &

However, in such a liquid inmersion |ithography
TechpebegygshB (Thevact hBgiapfigchnotesd)i § Isanededocontryhi | e

| ayering intervening a liquid for liquid imrersion
U.S.AiLI hogeaphy7susb. as, pageswaBex-as02i,ne&seof.l uori nat ed

(fluorine-based) liquid on the top |layer of the

regiiset Patemt sSpothaéntt2) s gheaidy of Vacuum Science &
~Technology B (J. Vac.'Sci. Technol. B) (Issued country:
U.S.A.}, Vol. 19, Ne. 6, pages 2353-2356, 2001.

(Non Patent Document 3) Proceedings of SPIE (Issued
country: U.S.A.), Vol, 4681, pages 459-465, 2002.
(Patent Document 1) International Patent Publication No.

2004/074937

DISCLOSURE OF THE INVENTION
Probleﬁs to be Sclved by the Invention
| However, in such a ligquid immersion lithography process,
the lithography process is carried out while layering
intervening a liquid for liquid immersion lithography such as
pure water and inert fluorinated (fluorine-based) liquid on
the top layer of the resist film, so that it is greatly
apprehended that surface defects are generated on the resist

pattern. Although much of causes of this surface defect
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apprehended that surface defects are generated on the
resist pattern. Although nmuch of causes of this
surface defect TKYF-070 4 deneration remain to be
elucidated, in the liquid inrersion [ithography
rocess mnth a uid. for
9ene?r3?ﬁ85r xorayer B8 GHOCHE=FRAm L bECerpdeid, ippergion
assu that the_ipteractio en a liquid for
Lithppggp 5 Breceronvit tﬂogﬁgﬁﬁ9 384" Thauis it Tpdon
a li for I mer sion |ithography
11tth§ﬁPﬁwnéaaﬁrgﬁe0@x58§eélim1ﬁP RRdSXPPEPHner i, 3PfEmed
|nvaS|on of a_ resjst f||ﬁ1b{_the above- nentioned |
that| 88.anFSFaFtaendbﬁHW@ﬁglan LAy £8Bhy 1GLAPn gMRE S10n
uid i mmersion |ithography process and so on are
11thPE€6P@§daPﬁ threfédUsEC PRerBPOEEd/i & iLdaigedpry Liquid
requi red to suppress the generation of such a surface
immeggsfept 1ithoghapabovenahniode@nptocesxriogenhifdAm, and,
exposure is conducted under conditions where a nmedi um
furthgemoas  pthef isdashaneerti & iresdspofadmpbrynweds abloges
and a substrate, although the materials used in a
mentgonedniligual Ebthégqaéﬁyimm@@@égnndﬁth@@nmmmw Zdgging the
wi t hout any adjustnent, it is suggested to use
liqupdt emirglesidinf léecbngripomn prosesef aodheentinorale involved in
lithography process. Anong them (Under these
the chneenstBineesiorapt el i asutgentlior nreggikbd pooteppirees the
filmusing a fluorine-containing resin have been
genepaopoaedff suchohvengfthe alkdeetrentioned point at
i ssue (Patent Docunent 1) However, when such a

materthk &bbvehehntiffed p&@t@@@lwa fhhigh expeedre is

t hough the aforenenti oned
conducted under conditions where a medium such as purified
water is interposed between a lens and a substrate, although
the materials used in a conventional lithography process may
be utilized without any adjustment, it is suggested to use
materials different from those of conventional lithography
process.

Among them (Under these circumstances), materials for
forming the protective film using a fluorine-containing resin
have been proposed for solving the above-mentioned point at
issue (Patent Document 1). However, when such a material for
forming a protective film is used, though the aforementioned
purpose 1s attained, problems on the investment efficiency are
caused such as those due to the necessity for a special

cleaning solution and an applying device for it as well as an

increase in the number of processes for removing the
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purpose is attained, problens on the investnent
efficiency are caused such as those due to the
necessity for a special cl®&aning solution and an
appl ying device for it as well as an increase in the
tnugber figgrocesses for renoving the TKYF-070 5
PTOtorbtBet film Furthernore, recently, a process of
usin a water- insoluble and al kali-sol upl e pol el _as
SEROFr TGN - & FRRRAT VRE 141 TR LHFe
reS|st top |ayer has drawn con3|derable attention,
insojphite 13d 2 Peenl ub ke By Hehedd 2 fH7 %I%%v%]roﬁ?ﬁgfommg
protective filmform ng materials capable of nuch
a Prﬂ%?%t%i%likﬂmmPWrﬁﬁ?l%%Sb$ttF%Pa%%M%rn%%¥l%ﬁ%ﬂnsurface
defect generation. An objective of the present
- consiggemplomtienblonovreethatt Benpne ques dhedhi agstreng demand
application of the resist filmobtained from
for deveberinmarrvlestbiveohpbsrfronsngwhatarhale Fepabledot
many devel opnent resources to the liquid inmersion
much | nehegephydingorlee spbekf oEathy, abavebjrestiohedhgurface
present inventionis to provide a material for
defedorpémerat prmt ective fil mcapable of efficiently
suppressing the surface defect in liquid inmrersion: |
| i Arhogrppttyiyr oxfesshe rpwds et alhveput tof oi s | tqupdovide a
i mrersion lithography is placed on the filmto be
techrekposeshalbUihdethaosppl spatibhcakl yheaneshpectidf thicained
invention is to provide a material for formng a
fromptotesttvendl | resbpabtempbseasohy, wRiPMI hgve lequided
for liquid imersion |Iithography attached to the
many S8bsélapRedt t eEsB¥ROSE &0 SHROL N yuLd@r I¥h8gs 98h uhehography

More specifically, an object of the present invention is
to provide a material for forming a protective film capable of
efficiently suppressing the surface defect in liguid immersion
lithography process in which a liquid for liguid immersion
lithography is placed on the film to be exposed, further more
specifically, an objeét of this inventicn is to provide é
material for forming a protective film capable of easily
removing a liquid for liquid immersion lithography attached to
the substrate after exposure, smoothly carrying out the
exposﬁre of substrate ends, performing a smooth exposure
treatment, and causing no change in quality of the resist film
due to the above-descried liquid for liquid immersion
lithography during the liqﬁid immersion lithography process
and no change in the refraction index and so on accompanying

the deterioration of the aforementioned liquid itself for
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exposure of substrate ends, perform ng a snooth
exposure treatnent, and causing no change in quality
of the resist film due to fhe above-descried |iquid
for liquid imersion |ithography during the liquid

liqu&HngﬁﬁEQQibhtgggﬁgﬁg¥gﬂ§oaﬁéstgngnﬁgFﬁggH?EegﬂuEQS from

refractiron in 0" on acconpa

o jon of the aforenentioned liquid itself for
the g%%E%B7g§%h'liquid i mersion |ithography due to

Meanéngggdgg?%§nglg%gdﬁéggg%mthe resist film Means for
0 & Proble

vi ng ?olving t he af orenenti oned
praoblens, a nateria# for %orni g a resist protectiv
Fi T abehT R Ag- i ¢ her preabheied REnbrans: s® atRatErPAl £OF
conprising an al kal | - sol Ege ol r, in ich the
forng R B Fe AN aFePbP L ERELRGI S BOCUARRS: EoBRs: Dranges
. Fﬁ[thetnnre, a nethod for formng a resLstﬁEat ern gf
1RVERREON G BsBn2 RV AL GATPE1S1REL ABd2LER i oPRITHE LS PoLlymer,
, es%st pattern usin% a liquid imersion |ithography .
in WaiGRekRe FRABLABENBRILEOREr FERNEOLYBEK R H2BR&t dfediVst OF
‘ filmon a substrate; formng a protective film having
abovVene properties of being substantially insoluble in
wat er but soluble in alkaline on the resist film:;
di FeEtrgrpeaei ngy naehedqlied fermingurdremieEsPahrtern of the
o |'ithography having a predeterm ned thickness at | east
presgptt hevepkopacibve MEEhrenivke fouhdndake rikgdistg PEfgern
' . resist filmand the protective filmlayered thereon;
usingrpadigvidgimherséenst ithogmawhiyh ppoedsiser tiheethethod
patterning |ight through the |iquid
comprising: forming a photoresist film on a substrate; forming
a protective film having the properties of being substantially
‘insoluble in water but soluble in alkaline on the resist
film ; directly placing the liquid for liquid immersion
' lithography having a predetermined thickness at least on the
protective film on the substrate having the resist film and
the protective film layered thereon; irradiating the resist
. film with predetermined patterning light through the liquid
for liquid immersion lithography and the protective film, and
optiocnally subjecting the resultant resist film to heat
" treatment, washing the protective film and the resist film by
using alkaline developer solution to remove the protective
film, and simultanecusly developing the resist film to obtain
a resist pattern.

Effects of the Invention

By using the material for forming a protective film
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for liquid imersion |ithography and the protective

film and optionally subjecting the resultant resist

filmto heat treatnent, wa%hing the protective film

and the resist filmby wusing al kaline devel oper

sql ution renove the protectiv fil and ,
accofRiiipy Blebhel HEREGRF opF HGLEhENr oEhe PFPEREESVBbEALR can be

., _resis attern. Effects of the Invention By using _the |

dlreﬁgigr%ggm?grOFoFﬁ%nﬁeﬁlﬁFoFéEWi§@ FFIﬁPtTR?F;B?G%?ere with

according tf(the gresent i nvention, the protective
the pPRthPERRTBellalt ee¥PYSPERmedtBRIRE +oRi sthe Pareblak for

not tointerfere wwth the patterning |ight exposure, .
forming abart PEATCEReVRRE étRaP it BRisSt RKPR§IPRe 15r dRECLPee 1n

filmof this invention is insoluble in water so as to
wategngpl @St he g8abse that Bpe(plr evahesr (BRredupsArzed

. water) which is nost likely to be the liquid for
deiopigeddvakesl svbhchi LRographyipedress becibseléfuihefor
~optical requirements of liquid inmrersion |ithography,

liqugdsymnanditnglithadraphyi pkocaspobkoring piiethe optical

environnent” as the actual liquid for inmrersion
requirehegtaphy picoiédsimharetiher lwvhdgraphen whey hwaddring,

which is easy to handl e, has an excellent refractive - -
and nadekxskr opeptylaningothiesknuf renmentfinest ahepalcitukilod iquid

is used as immersion liquid for the liquid imrersion
for immépgiaph¥ithogeephy phecomberi bh ofhéhewprésegnéven when

invention sufficiently protects resist filnms of
watevarwhilshcospeskyi ooshdttiiag hhe zhi gttce 1R YeFractive

| ithography process so that the resist patterns
indeRagrogeexgehh@nhopkopRr bifegneanrobeahbbal pedlukion, is used

as immersion ligquid for the liguid immersion lithography
process, the material of the present ilnvention sufficiently
protects resist films of various compositions during the
liquid immersion lithography process so that the resist
patterns having excellent properties can be obtained. 1In
addition, when the exposure light with a wavelength of 157 nm
is used, a fluorine-containing medium is likely to be the
liquid for liquid immersion lithography from the viewpoint of
‘the exposure light absorption. Even when such a fluorine-
-containing solvent is used, as for the water mentioned above,
it sufficiently protects the resist film during liquigd
immersion lithography process sc that the resist pattern with
excellent properties can be obtained. Furthermore, since the
. material according to the present invéntion is alkali-soluble,

it is unnecessary to remove the formed protective film from
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addi ti on, when the exposure light with a wavel ength of
157 nm is used, a fluorine-containing nediumis
likely to be the liquid foB |iquid inmersion
i thography fromthe viewoint of the exposure |ight
th absorﬁt%o . Even when such a fluorine- containin h
© LEPYEht T $MUBEYCT akOf bRet ARVRAPRReHENPT BREASaBBGE, WiFR the
., .sufficiently protects the resist filmduring |iquid
11gthﬁ§P9?BﬁeliFhGQWﬁ%ﬁ§eﬁr6%%§§1§6 that stRe Pgsﬂ§Yel°Pment
attern with excellent properties can be obtained. .
Procgaﬁt heltibr et Ssite i H Tht TeleerEw® df hytt@PikEned using
present invention is alkali-soluble, it is
the pagesdasapycepsdiegobe the PEEREEtpLBVERELQR, f LEMLFr om
TKYF-070 8 the resist filmprior to the devel opnent
unnegegeasy e9efchheh the stephefexposuingi sheonppéeegive film
. reaching the step of devel opment process. That is, by
pricgstagthhedpreliepnent pProaesbt afhed gsbagureheumht shegl the
according.to the present invention, it is unnecessary
deveiopmentuprohesst Eprotheemesing fhémprotbceinvelkialine
prior to the devel opnent process after exposure such
develbpért beluldeurl opnehe peofessefiorst hier psiosectilvm Witlm
an al kal i ne devel oper solution can be perfornmed as
remafhe, psot eheétvehti proteettvasfidn trhatvihhe apdot-det reeist
filmrenmnoval and the resist filmdevel opnent are
filmsdeublapeens!| yraceofpl tshedusIhenetomnglishke .nethedefore,
_ for formng the pattern using the material according
the hothbe poesestminyenheopacdbraf ikehgnthy perkenmmit he
' formation of the resist filmwith an excellent pattern

accoplOpgrty kreppresthe eAvehenBBNtah RErlikiican 1k Perform the
extrenely |ow and reducing the nunber of processes.

formation of the resist film with an excellent pattern
property keeping the environmental pollution risk extremely
low and reducing the number of processes.

Fuithermore, the contact angle of the material of the
present invention to a liquid for liquid immersion lithography
placed on the film to be exposed is high, enabling the easy
removal of the above-mentioned liquid after exposure,
sqppressing the risk of the surface defect generation, and
allowing smooth exposure éf substrate ends.

In addition, the material of the present invention is
capable of simultaneously preventing the permeated of a resist
film by the liquid for liguid immersion lithography, and the
déterioration of the liquid itself, due to eluted components

from the resist f£ilm.
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Furthernore, the contact angle of the material of the
present invention to a liquid for liquid innersion
l'i thography placed on the filmto be exposed is high,
enabling the easy renoval of the above-nentioned

i qui X r [ t ri e
surt a5aEaarseD BORET SoroRHRER GRS, PHa. g s thbl
exposure_of . substrate ends. In addjtion, the na%e i a
of TERGUBFEELAT Tok CROFBIIF 53 Eafabt cPBPLEFHTE anbilisl v
Freven%in t he gerneated of aresist filmby the , |
aceor Py tPoF PR BGFEST b RYPBRIPPt REgRaPRySTaAd CRBPTising an
geter'o tion_of the liquid itself, due to eluted
alka 6ﬁﬁ8ieﬁ€§ PPlgmeEhe FERPSRenty mnTKRECH78hg contact angle
PREFERRED MODE FOR CARRYI NG OQUT THE | NVENTI ON The
of tRetBPLYNCFEF EBPRPRENE EesKatepr 68e8Pi verf pbave-
according to the present invention is a nmaterial
cohp? i BIRYr ol JFRArding| tpl BhpoPyaeenE &BWPBREAR, hpp a
whi ch the contact angle of the polyneric conponent to
contagtepngsegofomoapovbanThe “nabekhal lagudddifny tomersion
present invention has a contact angle of nore than 90
lithegranbyl Pyardstor spnhbati ob iki Ehwghaphgtpabiddsy,send no
that it is lowin wettability, and no substanstia
subspenabaslopebycatiogqubg &oitikigdi dorniegsion immersion
lithography. The material has substantially no
litheoonprhibility with water, is soluble in an al kaline,
transparent to exposure |ight, does not pronote
m Xhagnatéhial riess sfubstant exbl pi hs cgapdtabhesignwiaeh
a resist filmand good conpatibility with a
water, is scluble in an alkaline, transparent to exposure

light, does not promote mixing with a resist film, exhibits
good adhesion to a resist film and good compatibility with a
developing sclution, and is also dense and can prevent
permeation of an amine in an atmosphere.

Preferably, the above-described polymeric component is an
acrylic polymer. It is considered necessary for a protective
film for liguid immersion lithography to have an additional
characteristic in which a contact angle thereof to a liguid
for liquid immersion lithography is higher than a
predetermined value. Since a film formed using the
aforementioned acrylic polymer has a contact angle of more
than 90° to water, not only is the film low in wettability,
and no substantial permeation by a liquid for liquid immersion
lithography as described above, but also the amount of liquid

for liquid immersion lithdgraphy adhering to the resist film
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devel opi ng solution, and is also dense and can prevent
perneation of an am ne in an atnosphere. Preferably,
t he above-descri bed pol ynerlioc conponent is an acrylic
polymer. It is considered necessary for a protective
. filmfor liquid inmrersion |ithography to have an
is rgdarefonsp tEﬁ%rE@?eF%@?iEeﬂﬁlﬁﬁ@cgoé E%ﬁ?%&?gaﬁﬁF%r the
thereof to a liquid for liquid imersion |ithography
compilgthpghef thanid preaesieni hebhoaraehy SPReeeast ifm
formed using the aforenentioned acrylic polynmer has a
shorggpedcet thaghenesendrey 1pakage ¢6 Gaketiandd Baryligquid
the filmlowin wettability, and no substantia
immepaiapal i Bhosyamhyi yoi theoput st disndeeseaned, and
l'i thography as descri bed above, but al so the anmount of
alloviggi ghef expbiguedof neebstoatei ehdgr aphpeadheriag pot
the resist filmTKYF-070 10 is reduced; so that the
- smoothhg, requisetof be etbemnmngadlyeadvhatagenpketi on of
liquid imersion |lithography process is shortened,
t hei nom ecles saf yrémafaened tdetictuadgierikigord than 90°,
i mrersion |lithography to the outside is decreased, and
the algowdnforheieupdsimmeotisnbitithbgraptly tte bepeaprietely
' out smoothly, so as to be econom cal |y advant ageous.
hydrSbhekeitbelaf eepakhedonndncpnbast angkkei proveettikanfilm,
90, the liquid for liquid imrersion |lithography is
allorPRgophéapetyenbydhophiohi aakkyakepehl piiywhealpkaeddlany as
the protective film allow ng the prevention of a
a ligecaease inghhMsigAbrstshi hkt¥ogsapayl.iquid for liquid
i mrersion |ithography. "Al kali-sol uble polymer"

predekabl YsS 0PI ESES1{MBEM) preferably comprises (meth)

acrylic acid constituent units and acrylic ester constituent

units represented by the general formula (1):

R!

0
le (1)

!
in which R’ is selected from a hydrogen atom, a methyl
group, a hydroxyalkyl group having 1 to 4 carbon atoms. R" is
a linear or branched alkylene group having 1 to 5 carbon atoms.
R® is a hydrogen atom, or an alkyl group having 1 to 15 carbon
atoms a portion or all of hydrogen atoms thereof are

substituted with a fluorine atom.
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‘acrylic acid constituent units and acrylic ester
constituent units represented by the general fornula
(1): R O ORm(1) R inlhich R is selected froma
hydrogen atom a nmethyl group, a hydroxyal kyl group

ha to 4 b t . <R Li b

e Roea vhRsn s SRsain g™ Slkvaog, Bahvn oien % % BeEAGen

hyd t [ kyl havi 1 to 15 b
arouly QPSR Bl OBl o L L OUR RO B0 ot 0 157 S BP0

substituteq ith a flupriﬂgraton1 T YF-g7O it Rm h
GrOUR 1 cF YRS T LSS s QMR | 2T Frotpd stichy 2878 FETHY | 8het 23S

roup n- et hyl ene group, a n-propyl ene group, a
a l-meyhy jy‘?@h%le@? 0UpP Ry n? pﬁﬂfl?ﬁ}é}‘ﬁgpﬁ%&ﬁ?n% BF AR hed 2

al kyl ene group such as a 1-nethyl ethylene group, a
methylpeeRyl P pyT e grfdifRy Fiemmaét MAHORerEF Fdrd & n-
Among them a methyl ene group and a m ethyl ene group
ethylpre 7 ePer abfe. PrReferelPles a | ower al kyl group in
which a portion or all ~of hydrogen atons thereof are
substincdigg sniat Hox el gekivde drom 1rspedidl @ oediples or all
include a trifluoromethyl group, a pentafl uoroethyl
of hydvepenaahepeathescopr apy sslp, tutbechondih var blporjyne atom.
group, an undecaf ! uoropropyl group, a
Spechipt acleenp l @or boct ydle gaoupi fAwongmehbil gnoupr ng of

i mprovi ng
pentafluoroethyl group, a heptafluoropropyl grocup, a
nonafluoro butyl group, an undecafluoroprqpyl group, a
“heptadecafluorococtyl group. Among them, in terms of improving
contacting property, a heptadecafluocrococtyl group is
preferable.

In terms of exhibiting good water resistance, providing
membranes.with appropriate flexibility, and improving
transparency, the acrylic polymer preferably comprises the
(meth) acrylic'acid constituent units, the constituent units
represented by the general formula (1) and at least one of

acrylic ester constituent units as a third constituent unit

represented by the general formula (2}:

R

Rll (2)
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contacting property, a heptadecafl uorooctyl group is

preferable. In terns of exhibiting good water

resi stance, providing nenbi2anes with appropriate

flexibility, and inmproving transparency, the acrylic
mer  preferably conprises the (nethéhacrylic aci d

pol .
Robb( MRHER R uhF 18, DYREDEORSTFPHCRE BrTE YiepFedent2gd R'’
- by the general fornmula (1) and at |east one_of
1s agcpyiFycéifehyEsASAFPOBNETAHPt Ba¥dng €hitPdleoR3EPPReATONS -
unit represented by the %eneral formula (2): RO O
FTI@thquﬁnﬁV@lléorm%lQMi%hrF$h§ Ahhydr egeATat bR brualt
met hyl group, and R' is an alicyclic hydroqarbonrg[oup
COmMPRAGEAgaE L6235 EwpbeAnatdpyent| unipe gan@hachf Bf rulkg
(2), the third constituent unit conprises at |east
selecipgdcédnom ROEHtanmiR'S i and & 'R' issa pellecvedifrom R’
a and R'" b, and R'" is a polycyclic hydrocarbon
hydrgesupenagdorp, band B’ Abnbeyel hendgdebtar bpArgeanpon @youp.
i ntroduci ng a pol ycyclic hydrocarbon group and a
By inbmodyching ahpdigcacbhin fydupcawbber gresioskadce awdocyclic
transparency is inproved, and it is possible to
hydrpcevbde penbhpanestert besdpprape ane flrexisipalriehy vby s
i ntroduci ng a chain hydrocarbon group. The polycyclic
imprhyddpcanbontgieupopeebeeahby praeliddemedilranes with
appropriate flexibility by iantroducing a chain hydrocarbon
group.

The polycyclic hydrocarbon group preferably includes at
least one hydrocarbon group selected from the group consisting
- of a dicyclopentanyl group, an adamantyl group, a norbonyl
group, an isobornyl group, a tricyclodecyl group and a
tetracyclododecyl group.

The monocyclic hydrocarbon group preferably includes at
least one hydrocarbon group selected from the group consisting
of a cyclohexyl group, a cyclopentyl group and a cycloheptyl
group.

The acrylic polymer comprises the (meth) acrylic acid
constituent units, the constituent units represented by the
general formula (1), the constituent units represented by the
general formula {(2) and at least one of acrylic ester

constituent units as a fourth constituent unit, represented by

the general feormula {(3):
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| east one hydrocarbon group selected fromthe group
consisting of a dicyclopentanyl group, an adanmantyl
group, a norbonyl group, ars isobornyl group, a
tricycl odecyl group and a tetracycl ododecyl group.
The nonocyclic hydrocarbon group preferably includes
at | east one hydrocarbon group selected fromthe
group consisting off a cyglohéxyl group, a cycl opentyl
group and a cycl ohe [ ~ The acrylic pol ymer
conprises the (nmeth) acryN c acid constituent units,
the constituent units repr senkfd by the genera
formula (1), the constitue units represented by the
general fornula (2) and at fl east one of acrylic ester
constituent units as a foufth constituent unit,
represented by the general] fornula (3):,[KYF-070 13
RO O(3) Jr in which RRT is a chain dr ocar bon
group. The chain hydrocarbon group is preferably at
| east one hydrocarbon group selected froma n-butyl
groupyhach-peht yis groopinahgdevbykherybrgrupup, and a
n- hexyl group. The acrylic polyner is preferably
r epnesenaed hydtbearigenegabupoisubacféyabeéloat Thast one
acrylic polyner is capable of -

hydrocarbon group selected from a n-butyl group, a n-pentyl

group, a Z2-ethylhexyl group, and a n-hexyl group.

| The acrylic polymer is preferably represented by the
general formula (4) below. This acrylic polymer is capable of
improving water resistance and transparency, and providing
.membranes with appropriate flexibility, because a polycyclic
hydrocarbon group, a monocyclic hydrocarbon group and a chain

hydrocarbon group are added.

RI

HO

(4)
In the general formula (4), g, r, s, t, and u each
representing mol% of the constituent unit in the polymer, are

2 to 60 mol%.
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I mprovi ng water resistance and transparency, and
providing nenbranes with appropriate flexibility,
because a pol ycyclic hydrddarbon group, a nonocyclic
hydr ocar bon group and a chain hydrocarbon group are

added. rst. U 000 R". Rf I&g) In the ,
QeHe? A OTBPRA G0 a1 TG PYLviey hgdf) Syithesized
rggresgntgng nnl@bog the constituent. unit in thﬁ d h
CCopditer? SFEVR2ATHY 60PHOY YT TRYEYPTE: 43t iqRnethods.  The
abovenentioged crylic ﬁolyner may be synthesi zed
aSS . 2TGF AP RgIPOCKNORh YRty tﬁoP?nﬁ?S%’aFy%rP%Wﬁﬁ components
b net hods, The mass average nol ecul ar meights of resins
(by GFCnoPGHES L ¥BFPBNEPRECTFRNEPES PBE{F§PERein the range of
conversion) is preferably in the range of 5,000 to
5,0080t0080, GRBr nere BPEE cPEBEGT8LbP08: B080OLO0BY BAP . nbut not
particularly limted to such a range. The polymer is
partsgripréyi Aidhtafcbhosiensal yenee-can form a filmby a
spin coater, causes neither swelling nor thickness
| oB%e tebymer vt etoliib e nin anneleofiél ttenvlvont) i gandform
_immersion lithography, and is also soluble in an
a fijpkhyiaespievedapeng sahaesoneiThatr Feelihegpobynthicgness
highly suited for wuse as a resist protective film
lossnavepine ¥atrelrigutdinnaetsimensufficient for liquid
immersion lithography, and is also soluble in an alkaline
developing scolution. That is, the polymer is highly suited for
use as a resist protective film material for ligquid immersion
lithography. Moreover, the polymer has a high refractive index
of 1.65, when permeated by light having a wavelength of 193 nm.

The protective film of the present invention further
comprises a solvent. The solvent needs to dissolve the acrylic
polymer.

As the solvent which dissolves the acrylic polymer, any
solvent that dissolves the polymer can be used. Examples of
such a solvent include alccholic solvent, paraffinic solvent
"and flucrine-based solvent. As the alcoholic solvent, a common
alcoholic solvent such as isopropyl alcbhol, i-hexanol, 2-
methyl-l-propanol or 4-methyl-2-pentancl can be used, and 2-
methyl-I1-propanol and 4-methyl-2-pentanol are particularly
preferable. It has been confirmed that n-heptane can be used

as a paraffinic solvent and perfluoro-2-butyltetrahydrofuran

can be used as a fluorine-based solvent. Among these solvents,
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l'i thography. Moreover, the polymer has a high
refractive index of 1.65, when perneated by |ight
havi ng a wavel ength of 193 1¥m The protective fil m of
the present invention further conprises a solvent.
1he sol vent _needs to dissolve the acrylic ol ymer. As
an a ﬁ%hg%FQeﬁ?l%ﬁPEhl%iE§8ﬁ9é§b%ﬁel%ch?Wcoﬁoﬁghé ingpy
sol vent that dissolves the polynmer can be used.
solubsbiby edrer deVehorn8BEvent incl ude al coholic sol vent,
paraffinic solvent and fluorine-based solvent. As the
al Bynanae st b enf | the cormpent ol eoRetien seawefirshen as

i sopropyl al cohol, 1-hexanol, 2- methyl-I-propanol or
compylpet AyFrospehthhby eapnbeandedn anddc compound.
met hyl -1 - propanol and 4-net hyl -2-pentanol are

pafie cefessyinipied cradhe, whidasipeenlebhéi inethehaelvent,
n- hept ane can be used as a paraffinic solvent and
can bertsedr o-Eaiuitau tast hwnhyal rof turegen-econ el niseg asmpound
fluori ne-based sol vent. Anong these solvents, TKYF-070
having amnamitzohotoepsahdéor as pméfier gbbepj newchwodf which is
al kaline solubility upon devel opnent. The material of
substheupeéseithi avenbupnseadactadt feom sohpdirseyalkyl group
crosslinking agent and an acidi c conmpound. The
and enosskoxkia hkyaggnbupwhicgh be pekabkepin tbedsol vent,
can be used. Particularly, a nitrogen-containing

camp ot n frand didh ado Rk N1 G4 OUPmBSeh e &b 18hBe gheup,
each of which is substituted with a group sel ected

seledtom ardids oxyahkyhe JHEOURvadNgeaNaabkaxyml k¥l deravBtive, a

can be preferably used. As the nitrogen-containing
glyc60aBOUNger Bhat €381 QN8uccinylamide derivative, and a urea
derivative is preferably used.

Specifically, these nitrogen-containing compounds can be
obtained, for example, by methylolating the melamine-based
compound, urea-based compound, guanamine-based compound,
acetoguanamine-~based compound, benzoguanamine-based compound,
‘glycoluril-based compound, succinylamide-based compound or
ethyleneurea-based compound through a reaction with formalin
in boiling water, and optionally further alkoxylating the
‘reaction product through a reaction with a lower alcohol, for
example, methanol, ethanol, n-propanocl, isopropanol, n-butanol
or iscbutanocl.

As the crosslinking agent, tetrabutoxymethylated
glycoluril is more preferably used.

Furthermore, as the crossiinking agent, a condensation

reaction product of a hydrocarbon compound substituted with a
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sel ected froma nel am ne derivative, a guanam ne

~derivative, a glycoluril derivative, a succinylam de
derivative, and a urea derliévative is preferably used.
Specifically, these nitrogen-containing conmpounds can

be bt ai ned, for exanple, by nethylqlating the
aroupops S PHEe ot ke ko mpaaah. ClP Al pAcBHOE OB b Rt and 2
1k guananine-baseg conmpound, acet oguanam ne- based
- XYEBHYoBhaYP hefi2 gEaﬁgﬁPH¥d58§¥E°E8ﬁﬁBEﬂEyllc acid compound
gi coj uril -based_conpound, succinyl am de-based
can %ﬁoﬁﬁdpﬁ?fegﬁﬁ}Veﬁéﬁ?ea-based conpound t hrough a
reaction with formalin in boiling water, and
opt P BPFSNY S PREFORPRIRYPAY I 1y 2REd FearFREArpPdYUCT
through a reaction with a | ower alcohol, for _exanple,
monoRgd RaRPROneEAsRBKY Lhcprepdndn, vhiepr aphieroxylbaranpl and a
or isobutanol. As the crosslinking agent,
carbpgytaptitBRyABehyEapedtigeyzobaniledi wikbr 8hpr skBeabhybon
used. Furthernore, as the crosslinking agent, a
atomgoptendadtont rwacteshopratdaus.of a hydrocar bon
compound substituted with a TKYF-070 16 group
seleciddifiom atciddst componénas hydeskybbyypuplandoaarbon
al kyl oxy group; and a nonohydr oxynonocar boxylic acid
compeenpoundanche atidedbetoptktemabkyiaiedf The present
nonohydr oxynonocar boxylic acid is preferably
invembhohy drnahonetdt doxythpenact € pie fdi£hla Hydroxydble of
group and a carboxyl group are respectively bonded
stabid it hihdeagabRscapben efpoBurer dadggcent two carbon
atons. In addition, acidic conponents (desirably,
f I Tiog of REPBBcarbon compound which exerts the above action,

shown below, 1s not an object of Significant New Use Rule
(SNUR)-and is a usable chemical substance.
Such a fluorocarbon compound is preferably a fluorocarbon
compound represented by the following general formula (5):
(CrF2n41502) 2NH (3)
wherein n represents an integer of 1 to 5;
a fluorocarbon compound represented by the following
general formula (6):
CuFom+1COOH (6)
wherein m represents an integer of 10 to 15;
a fluorocarbon compound represented by the following

general formula (7):
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conmpounds) can be added to the material of the present
i nvention. Such acidic conponents preferably are
capabl e of stabilizing agailhst post exposure del ay.
The fluorocarbon conpound whi ch exerts the above
action, shown below, is not an object of Significant
New Use Rule (SNUR) agg is a usable chem ca
substance. Sych f +Gor 0c on conpound is preferably

a fluorocarbpgr seprpound rep nted by the foll ow ng
general for Iﬁ : (CnF2 )2NH (5) wherein n
represents an intege B a fluorocarbon
compound r epresent ed b§ ?he fO||0MAng (79eneral formul a

(6): CnF2m+r1COOH (6) wherein mrepresents an integer

of 10 to 15; a fluorocarbon conpound represented by
wherghs f)olrep\mﬁgntgeﬂer ahtegepubd E7Fo BKYENQ70 17 SO2

FSO2 (7) wherein o represents an integer of 2 to 3;

ana élﬁbuocachobonomepnﬂndepepseBEaﬁebybyhehéollowinq

follow ng general formula (8): CF2 NRa CF2 P (8)
general formula (8):

N
ST

wherein p represents an integer of 2 to 3; and R® represents an

(8

alkyl group in which a portion or all of hydrogen atoms
thereof are substituted with fluorine atoms, and may be
substituted with a group selected from a hydroxyl group, an
alkoxy group, a carboxyl group or an amino group.
Specifically, the fluorocarbon_compound represented by
the general formula (5) is preferably a compound represented
by fhe followiﬁg chemical formula (9):
(C4F3S02) 2NH (9
or a fluorocarbon compound represented by the following
chemical formula (10):
' (C3F450,) oNH _- (10)
Specifically, the fluorocarbon compound.represented by

the general formula (6) is preferably a fluorocarbon compound
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wherein p represents an integer of 2 to 3; and Ra
represents an al kyl group in which a portion or all
of hydrogen atons thereof & e substituted with
quorine atons, and may be substituted with a group
cted fron1a h¥droxyl group, an_ al koxy roup, a
rePf%ﬁ?BB§9| byrblip 5PLAAYART nEREFeERL éﬁé@P%ﬁcé t he
fl uorocar bon conpound represented by the general
f ormwtpE QYY) is preferably a conpound represehtled by
the following chemcal fornmula (9): (C4F9SQ2) 2NH (9)
ors%ﬁ$%§b¢%%§Yboﬁh% @@%@%s@ﬁmBQU%@ ¥eleresented by
foll owin chem cal fornmul a i (C3F7SQ2) 2NH (10)
the sﬁ@@rﬁicgpryul@héTfly@rb@af@éﬁb Bnpodhuoreppebent egmppund
the general fornula (6) is preferably a fluorocarbon
repredeppbaddoYKYre0f0ligvirgpepennced Bprmhéaf 6LEOW ng
chem cal fornmula (11): ClOF21COOH (11) Specifically,
the fluorocarbon cogpound [egg gsented by the genera
formula (7) is pr er%bly a Iuﬁnqgg{bon conpound
repr esent ed ?é: e follow ng chem glr!)_Lor mula (12):
\CF2 -SO, F 2 \CF2 802(12) cifically, the
fl uorocar bon coE%%uE% represe t he genera
formula (8) is preféetably a f rocarboq1§onpound

Specifically, the fluorocarbon compound represented by
the general formula (8) is preferably a fluorccarbon compound

represented by the following chemical formula (13):

/ F
0 N—C—C—COOH
AN Al
C 2 CF3

(13)

The liquid immersion lithography process preferably have
‘a construction by which the resolution of a resist pattern on
at least a resist film on a route of allowing iithographic
exposure light to reach to the resist film.by exposing the
above resist film, while being intervened by a liquid for
liguid immersion lithography process.

The exposure light for exposing the resist film
preferably has a dominant wavelength which 1s at least one
selected from 157 nm 193 nm and 248 nm.

In the present invention with the above constitution,
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represented by the follow ng chem cal formula (13):
\CF2-CF2 \ F O NGCi -COON F2 CF2-CF2 CF3 (13)
The liquid inmersion |ithogmaphy process preferably
have a construction by which the resolution of a
.. resist pattern on at least a resist filmon a route
liqugd ammenphen| i HoQebppE CaRpbsurendpghedtByreathdt oas a
. the resist filmby exposing the above resist film
liqujfj ferbéiaglid niepgeneen byl bhpogarayf ovater gap@posed
i mersion |ithography process. The exposure |ight for
-subskapbsphgvt hE Pesesvaternerpdeienabed watea, dom aafluorine-
wavel ength which is at | east one selected from 157 nm
basedoinant ahtiqR248. nAs |deddwiprd gerevioweiyti drkind iheo
above constitution, TKYF-070 19 Iliquid inmersion

- accotnthbogeaphyt cabhbecgoadaft pdsbytusahgenhsand thquirdduction

for liquid imersion Iithography, water conposed
in esguvbstaménbhl ypollpuienwaweteor ideaombredpwaterabbe aiquid
fluorine- based inert liquid. As described previously,
for lagung imhersaccoubthbfheaphsgt, Wien eagsooire light having a
post-treatnment and the reduction in environnental
wavepohfthi of, 19aten 18 assayeipr ekepabFerkbyuei do ti8e a
liquid imersion |ithography. Wen exposure |ight

£luochanéAfa 8ed WBWEL €At MhoEh 184uBAkI SeHsedbsbiptSon of
preferable to use a
exposure light. Furthermore, the protective film formed from
the material of the present invention is dense, can suppress
permeation of a resist film by a liquid immersion medium, and
also can prevent permeation an amine component in an
atmosphere, thereby imparting “the resistance to post exposure
delay” required for the resist film.

The resist film, which can be used in the present
invention, may be any resist film cbtained by using a
conventional common resist composition, and is not
.specifically limited. This is alsoc a primary feature of the
present invention.

The protective film of the present invention is
nonaqueous and also exhibits high resistance to the other
immersion liguids, and therefore can be applied to a resist
film with any composition, including a resist film having low
resistance to an immersion liquid. Therefore, as the resist
- film material of the present invention, any known resist can

be used and a common positive photoresist and a negative
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fluori ne-based sol vent which causes | ess absorption of

exposure light. Furthernore, the protective film

formed from the material @0 the present invention is

dense, can suppress perneation of a resist filmby a

[ iquid imersion nmedium and also can prevent
PhOtBEgﬁéﬁFlﬁﬁnaﬁeaﬂﬁﬁg conponent in an atnosphere,

thereby inparting "the resistance to post exposure

defay®S1equpt B For FeABLR@STRENSH | ﬁ@rﬂaéq%%. ERmEFF D

whi ch can be used in the present invention,
LithgayapByi 4ging| Mebparhedtbycusing af §Bﬁv§ﬁ?ﬁ§ﬁ£llﬂventlon

common resi st conposition, and is not specifically
will| pavt Be. deersibsdal so a prinary feature of the

present invention. The protective filmof the present

| NVER$ T ond | soMpEnapERdbes aptratsbliexhi i eeaheghonto a

resi stance to the other 1immersion |iquids, and
substhetref suehcan bitlappheewaferauseéspgse spihmew ehdamspen

conposition, including a resist film having | ow
prebaksdst BABet reatmentirer si on i quid. Therefore, as the

resist filmmaterial of the present invention, any

kndmnorgsnst caninbdegased antiaefbavbinvpofiimvean be

photoresi st and a negative TKYF-070 20 photoresi st
provtdadbeetsedn A sebkskapat hadnaf epakcnggnetled bdr 2 resist

liquid imersion |ithography using the protective
compbislitioh, tbe poemeat twoventeeBd Wahlina®w.be descri bed.

First, a common resist conposition is coated onto a

Subﬁéfﬁﬁ@véU§ho@és§éél@Qﬂebéﬁééﬁduétég BySRi RABHMakEchod.

t hen
It is preferable that the operation conditions are
appropriately set according to the composition and
characteristics of a resist composition used.

‘Next, the resist protective film is formed by uniformly
coating & material composition for forming a resist protective
film of the present invention, such as a composition
represented by the chemical formula (4) on the surface of a
resist film (single layer, plural layers), followed by curing.

On the substrate, on which a resist film covered with the
protective film is formed, liquid for immersion liquid
exposure {(e.g., pure water, deionized water, fluorine-based
solvent or a silica-based solvent) is disposed.

The resist film on the substrate in an immersed state is
selectively exposed via a desired mask pattern. Accordingly,

.exposure light penetrates into the refractive index ligquid and

protective film, reaching the resist film at this time.
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prebaked (PAB treatnment). An organic or inorganic

antireflective filmcan be provided between a

substrate and a coating | aydr of a resist

conposition, to forma two-|ayered | am nate. The above
ses can be,_conduct ed

proce t
D BF oTEEs of Pllae “tRE SReHar s R i h T POREe Gty shbe!Sze from
appr Lately set.accordin o_the conpositio
the 2RRFOBLLPLCHIRER 1 2GEPRE, BchorposrEronatsba Diokke
esi,st _protective filmis fornmed by unifor
ProtgaEiFRgt A Rat ST aFPEBNPBLEEl GREPBPT SREPNESaSHELL4pY Ls
rote filmof the present invention, such as
not g%Hﬁ%@ %VoﬂeF%E?E§%ﬂt%8 E?etﬁ%féﬁéﬁigﬁl1F8FﬁuﬂéqP&? oh™
e surface of a_ resist film(single |layer, plura
adleé?%rthefBPFbﬁ%H SbaEEFFﬁalstEEStﬁ@cguagthﬁereéﬁactlve
which a resist filmcovered with the protective film
1nde¥s°foFH%dreﬁFa9FHVPo%nﬂﬁﬁeiéﬁéhdlﬁaupét expeshpEate as a
, pure water, deionized water, fluorine-based
resu EI95n@l§$OQlQ?FP@aOEaQeGOQEPV@ﬁt)insthﬁséégééd fhe
. resist filmon the substrate in an inmersed state is
immesgiert L yatydesppeddrei a a desired mask pattern.
Accordingly, exposure |light penetrates into the
r efhacravel ¢mgelx ¢f quighfandse@r bhethévexpoburer éachphg
the resist filmat this tinme. TKYF-070 21 At this
specifhealipelimstsd, f ahdth thecerpbetiekycashubeotbninotmethey
' refractive index liquids such as pure water, by the
usingrod@tétvenf shah andthhtscdetar ReFackaedmeuwchagser, XrF
swelling is not caused by perneation of the
excimetrhabeve Fpdexcinmepihsdén, EUV (extreme ultraviolet ray),

VUV (vacuum ultraviolet ray), electron beam, X-ray and soft X-
ray. The kind of radiation is mainly decided according to
characteristics of a resist film.

As described above, in the resist pattern forming method
of the present invention, the liquid for immersion liquid
exposure 1s disposed onto the resist film via a protective
film upon exposure. During this operation, the resist film is
permeated by being brought into contact with the liguid.
However, this permeation can be prevented by using the
protective film of the present invention. Examples of such a
liquid include water (pure water, deionized water), or a
fluorine-based inert liquid. Specific examples of the
. fluorine-based inert liquid include liquids containing
fluorine-based compounds such as C3HC1l,Fs, CsFsOCHsz, C4F30C:Hs and

CsHaF7 as main components. Among these liquids, in view of cost,
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addition, the optical characteristics such as the

refractive index of the refractive index |iquid do

not deteriorate as a resul22 of dissociation of a

conmponent in the liquid for innersion l'i quid

xposure. The wayvel engt h of ght used in the exposure
SafeEX'nBPVl§BB@?FFEiIP§° Fﬁ@?e@ndaﬂan?ﬁ@leRBSEBF% papPBEties,

conducted by using radiation such as that of an ArF
the Ugei fbrWRheEr (PRFE vakerneF faepizes WREFHLriPaBERTerred.

EUV (extrene ultravjolet ray), VUV (vacuumultraviol et
When, 35§ noeFERPFBRepEARNE XoFEINENE YoFEIXOTFRY L The TkRd @

of radiation is mainly decided according to
flucghppabeepfsEPe¥ent Asrespierablih uasddéBcFiBEdOAbSRES

in the resist pattern formng method of the present
absorpyéani efR, ekResprquidshbr i nmersion liquid exposure

i's dlsposed onto the resist filmvia a protective

f i The upofraxposer end®ardhgthéai sioped ansed, isheotesi st

filmis pernmeated by being brought into contact with
specifigchilgui dimitedeser lonbi sspétmeat wohhéanrbegpr 8wbatbdis

by using the protective filmof the present
largénvehanobhe Exafiphesiveé sudbxaofl equedri anHudmabhdeer than

(pure water, deionized water), or a fluorine-based
thatioéré kegustd. cSppoklttorxaspliés of the fluorine-based

inert liquid include |iquids containing

f | Aot é ne:hasedp coapo uptscssis hias1 C3HCH 2 Home €4 FORCES,

CAFOOC2H5 and C5H3F7 as mai n conponents. Anpong these
compléfgtifisthénsybewroteCOst redb¥Ed0E@oR2theaflebyid, and the

envi ronnental problens and general - purpose properties,
llquiﬂe%ﬁsﬁeg&vé@tEfoﬁpﬂﬁé wabstrakedei AN EEUgMALBI S bSeration

preferre

is followed by a development process using an alkaline
developing sclution, before the development process, curing of
the exposed area is promoted by heating the resist film. If
the resist film is permeated by an amine in an atmospﬂere
component during this process, a pattern shape after the
development process drastically deteriorates. However, in the
present invention, since the protective film is densified, the
amine in an atmosphere component does not permeate the resist
film.

As described above, the resist film is subjected to PEB
'(post exposure bake} without removing the protective film on
the exposed resist film, and then developed using an alkaline
developing solution composed of.an aqueous alkaline solution.
The developing solution used in fhis development treatment is

alkaline, and therefore, the protective film is dissolved and
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When usi ng exposure |light having a wavel ength of 157
nm a fluorine-based solvent is preferably used in
view of |ess absorption of23exposure |ight. The
refractive index of the Iiquid used is not

. ecifically |imted as_ |0 as it is wthin range _,
dlscﬁgﬁseﬂ:i@nd|ahaart?ﬁaﬁo%HEE?ePPae%Pveofﬁaﬂa B?Ségtaf%lm 19
., _and smaller than that of a resjst conmposition used".
dlssﬁ??@ fhe @%EGQQFgeﬁroégg% 4@V?4QRW?PWrﬁﬁﬁ%ﬁ%ﬁpﬁéﬂay be
congleted, the substrate is renoved fromthe |iquid, .
follgngdi R PPFHBREING- r HRARI AR b t St tEar@enducted using
Al though this operation is followd by a devel opnent
pPurepyatess ust Mghaialisal fHe e It 9y SHkes ohs ®eikped or
the devel opnent process, curing of the exposed area
spraygdppﬁﬁﬁtégeb9Uhéa@Engftﬁberégbgtrﬁtﬁnwhiﬂe rRéakésPst
filmis perneated by an amine in an atnosphere
thergbypeashindueivay thesppebeessveafpamt epnpshepé ahtethe
the devel opment process drastically deteriorates.
resippwevepesihivhedipsedeat bmvehei dayvedbpdegt kelution, and
protective filmis densified, the amne in an
the dewedphéng solipbment cdoebenstbperatate Theny esi sésist
film As described above, the resist filmis subjected
patteéonPEBn vphbsh expesirse PHake) iw phouernenovinng tshepre
protective filmon the exposed resist film and then
corrdepehaprd tsi agmankapkatene, devebopingdsblubirging. As
conposed of an aqueous al kaline solution. The
descHépetopbbgesolitit tha gsedehf tRAvsndeval operbiallr edt eyt
is alkaline, and therefore, the protective filmis

protditssobved1andndk¥he048vé3opment of the resist film are
simultaneously achieved by a single development process.

By forming resist patterns in this way, resist patterns having
fine line widths, particularly line-and-space patterns having
a small pitch can be produced with good resolution. Here, the
'term "pitch" in line-and-space patterns refers to a total

 distance of a resist pattern width and a space width in the

line width directicn of pattern.

Examples
Hereinafter, examples of the present invention will be
described. However, these examples are only provided for
-appropriately illustrating the present invention and do not
intend to restrict the present invention at all.
.(Manufacturing example)

Manufacture of a copolymer used as material for forming resist
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di scharged; and then the soluble portion of the resist
filmis dissolved and di scharged. The devel opnent
treatment may be followed By postbaking. Preferably,
rinsing i s conducted using pure water. In the water
sing procezs water is dnigped,or sprayed over the

prOt%hEﬁggef&#mtﬁ SB6sPEEEE i PESPSER I ng,  t her eby

wa Ebn a g tge giotective filmconmpgonent and_t he
resPst cafﬁ SPPHBHLdRSSBROEd"RY PheCREVerbpRi Ag2~11iter four
s§lg§ion, and the developing sol ution on the ,
neckedhItpgke STRABREQ WL ES] &t TepaPFeFRNIERSRAT @Rda ar 8§i&E ST,
filmis patterned in a shape corresponding to a mask
and gafiern ot 816BCaERe 2By SRYI-RE . ARItEBsEREDEEMABETRUTE Was
. in the present invention, renoval of the protective
raise] fPaff ChehdégepbprBandef at Réxtegies o ff mefhageaylic acid-
si mul t aneously achi eved by a single devel opnent
baseg, pepsgerpy cppLailngngesicsy 1pat eeins (iR ©hi s digyclopentanyl
resist patterns having fine line widths, particularly
methprhylang- d88ce) pantbonylhacicydatae dddl Ig)pi ol lodexyd
produced with good resolution. Here, the term"pitch"
methpgryilageandlsgacenpahepraseceféus rodes yilotalt hadirgtlanee (40
of a resist pattern width and a space wdth in the
g); bkhdeanptihkrdmietuirenodf ipabueyi. aExamplles50 g) as a
Her ei nafter, exanples of the present invention will be
solvdaser ehddbehangleperbhésie dranmpkes aar @ erllymerd\dadedn
for appropriately illustrating the present invention
initaadodownet dirtibped tatbeshel §lakhe fpoas eripdaeNtdrdmping
at all. (Manufacturing exanple) Manufacture of a
nozz%ﬁ@ﬁk%?ﬁécﬁ&@él@soﬁ%&eﬂi&bu&@ﬂ foRE1 88ipBShEt was carried

out continuously while maintaining a constant drip rate for
each ingredient throughout the dripping.

After the dripping was completed, the pdlymerization
reaction solution was left to react for 4 hours at 80°C, and
again for an additional 1 hour by raising the temperature
until reflux of the solvent was observed. Thus, the
polymerization reaction was completed, obtaining a copolymer
shown by the following chemical formula (14).

The solid component concentration in the polymerization
reaction solution thus obtained was 20.2%, and the weight-

average molecular weight (Mw) thereof converted into

‘polystyrene was 20,000.
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24 protective filmof the present invention 750 g of
i sobutyl al cohol was placed into a 2-liter four

necked flask equi pped with 26 refl ux condenser and a
stirrer, and a flow of nitrogen was started. After
the tenmperature was raised to 80C while stirring, a
m xtur.e of ,methacrylic acid- based nononers containing
[ Lgycd o |  nmeyhacryl ate (

! y
ygent, fde (1.7 Q)
pol ymeri zation ere dripped into the flask
from separ at e /0 es respeetively over
hours. The di-¢ out |conti nuousl

e for each

whi | e mai nt ai
out the dripping. After the drCBping
pol ynmeri zation reaction @?{Jti on

i ngredi ent thrjoooy

was conpl et ed

was left to res for 4 hours at 80C, and agqin for
an additional 1 hour by raising the tenperatufE; until
reflux of the solvent was observed. Thus, “he

pol yneri zation reaction was conpl eted, obt a]i ning a
copol ymer shown by the foll owi ng cheni cal-Gfar mul a
(14). The solid conponent concentration-in the
pol yneri zation reaction solution thus 0?3 ai ned was

20. 2% and the wei ght- average nol ect_tlczé\/ i ght ( Ma)
t hereof converted into polystyrene wa$ 20, 000.
TKYF- 070 25

(Example 1)

The following resin component, acid generator, and
nitrogen-containing organic compound were uniformly dissolved
in an organic solvent to prepare a resist composition.

As the resin component, 100 parts by mass of a copolymer
including a constituent unit represented by the following
chemical formula (15) was used. The contents of the respective
constituent units f, g and h used in the preparation of the

resin component were respectively 40 mol%, 40 mol% and 20 mols.

TKYF-070



5212 9 21 6 OO HOOCQ/CF2 CFr/CF2 CFlz/CF2 F3C
[ CF2 (14) (Exanple 1) The follow ng resin conponent,
aci d generator, and nitrogdg¥n-containing organic
conmpound were uniformy dissolved in an organic

_ inan organic
cohporiht e BT BAFT ety rasd BT B CBbalyReroL i nel udi ng

. constituent unit resented b he fol | ow
eripfRE el FOE Ml Hoha EPREERSRL SR DN EORALR h8Y P, pares by
re ctive constituent_uni f, and h used in the
maSSpnggFé{FﬁﬁtB?uFﬁ phenyi SE&ﬁﬁBﬁBﬁt were respectively
.40 mol % _ 40 nol % and 20 nol% f 9 h 000 OO oD
trlfbu?ielre%rk%@é%f%at%wﬁ% 48fH- generator, 2.0 parts
by mass of triphenyl sul fonjum
no%a$+ﬁ%#o%%%%%%%Lw¥om%@@y%%@e09%Y5a¥t@0%9mea%xé gfher and

tri(tert-butyl phenyl)sul foni um o )
propylene glycol monomethyl ether acetate (mixing ratio: 6:4)

was used as the organic solvent, to prepare 7.0% resisit
agueous solution. As the nitrogen-containing organic compound,
0.25 parts by mass of triethanolémine was used. As the
additive, 25 parts by mass of y-butyrolactone was added.

Using the resist composition thus prepared, a resist
pattern was formed. First, an organic antireflective film
composition “ARC29” (trade name, manufactured by Brewer Co.)
.was coated on a silicone wafer using a spinner and then dried
by baking on a hot plate at 205°C for 60 seconds to form an
organic antireflective film having a thickness of 77 nm.
Subsequently, the resist composition was coated on this
antireflective film using a spinner and dried by prebaking on
a hot plate at 130°C for 90 seconds to form a resist film
having a thickness of 225 nm on the antireflective film.

The copolymer obtained in the manufacturing example,
~represented by the chemical formula (14), was dissolved in 2~
methyl-l-propylalcohol, and the resin concentration was 2.5%
by mass, was spin-coated on the resist film, and then heated
at 90°C for 60 seconds to form a protéctive film having a
thickness of 70 nm.

Next, the resist film was irradiated with pattern light

TKYF-070




trifluoronmethanesul fonate were used. A m xed sol vent
of propyl ene glycol nononethyl ether and propyl ene
gl ycol nononethyl ether acéffate (mixing ratio: 6:4)
was used as the organic solvent, to prepare 7.0%

As the_niirogen-containing

(expBSﬁké.tthg U%Oﬁ%’ﬁg'g;éggg?{% %y regiRey 1d 1mmersion

organi c co
.. triethanol ani ne S As th dditive, .25 parts
L A N e R R T S i LA
: conposi ti hus, prepar ed, resj st attern.was .,
CorpFThoa) F Y st 0an b aas COaat T 093 euhl ve 1 (R 1iquid
. conmposjtion "A 9" (trade pape, nmapufactured by
1me%?g§}érij€5l?c)?gr Y REPEHTOn & RPN cHhel GRF eFatRT nas used
sg%nner and then dried _by baking on a hot plate at
to fogBcliRt- B0 seRIFRISCE ol $OrWan organic antireflective

filmhaving a thickness of 77 nm Subsequently, the
r SR mieig i O AL Tt edPBR EReatmemt jwas | @@¥TiRd out

fiLn1usin§ a spi nner and driég by prebaking on a hot .
at lpbatefar 980tc¢ondno Jhwhdyithdws menaesisttis Ipgotective
.. having a thickness of 225 nmon the antireflective
filmgithe Thincopdl geeelepedi wedngnanhalkahinacdavehgring
exanpl e, represented by the chemcal fornula (14),
soluwpen dissdd Vedieon 00 sectndis| - grppyiial @idtol iname thkoping
resin concentration was 2.5% by nass, was spin-coated
solubhon hean ezdigeots | 2n 3&hdoy heas betetdamath9D@ufioniéh
seconds to forma protective filmhaving a thickness
hydrofid® swmiufNext ,wadeusedi stTHe |Ipratasct Tradi Atredvas t h
pattern light TKYF-070 27 (exposure) through a mask
comp pat ¢y ncdayoand | bgutldi s nievslopment process and the
development of the resist film could be satisfactorily
realized, and line-and-space of 130 nm could be formed.

A KLA measurement was performed on the pattern thus
obtained with a patterning defect measuring apparatus (KLA
Tencor Corporation: KLA) to observe the patterh defect. The
number of pattern defects specific to liquid immersion
lithography process represented by bridges, etc. was measured
three times respectively to obtain a mean value thereof. The

results thus obtained are shown in the following Table 1 as a
ratio to 100 defects obtained in the comparative example 1
described below.

(Example 2)

Using entirely the same procedure as the aforementioned

Example 1, except that a compeosition containing a copolymer

obtained in Manufacturing Example 1 shown in the above-
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l'i thography apparatus AS3-1 M (manufactured by Canon

Corporation) WV light (wavelength: 193 nn) . In this.
liquid inmmersion lithograp@® process, 8 inch silicon
wafer was used to formline-and-space of 130 nm

. ] t he PEB.tre nt_was carried
desc§3§85a§8§@g§g% Poﬁﬁu; 623% a%ﬁeg ? n?%oﬂ?s?ennving
f|| the filmwas devel oped using_a .
<CF22?E§?52%ﬁ§eé%F%%. Ry SIE?PS VEET J4eS | BroRo-BesBrLa terial
£ @s al ka|lﬂ% ﬂeve sol utli an agueo s 2.38%
- for EOTRIEY PePFAREThGY A R§dPoxi-deCSBPUEFBH was
The protective filmwas  co e renmoved. by
COHC?HfgaBé9a|ﬁﬁn%ﬁfspwaeeggnaﬁaeﬁh50”3e5%|%én@ﬁ§50fgbﬁenumber
sist filmcould be satisfactorily realized, and
of PPFE%ranaeéﬁaE% BFPigéeﬁﬁﬁéoﬁydeédgﬁﬁne@tCA KpA measured
nmeasur enent was_ perforned on the pattern thus
thre@btémﬁ%drﬁPPﬂCElﬁatVeFﬁuﬁataéﬂe@?aﬁeagawﬁﬁgtéﬁﬁspérus
éKLA Tencor Corporation: KLA) to observe the pattern
Resudipepbtained aupbeRown pat tBenfadievisgspebipi & @§ ratios
iquid imrersion |ithography process represented by
relabivagée 1gPcdefastaeabiurégedt hnebhei peBrpEspére exppprie 1
to obtain a nean value thereof. The results thus
descgbbafnkedlare shown in the following Table 1 as a
ratio to 100 defects obtained in the conparative
(ExamraepBe 1 described below. (Exanple 2) Using entirely
the same procedure as the aforenenti oned Exanple 1,
Usingxeepirehat thecoapesptrborduert asnichg afoapoleyrgoned

obtai ned in Manufacturing Exanple 1 shown in the above
Exampk&¥FiQ78xcept that a composition containing a copolymer

obtained in Manufacturing Example 1 shown in the above-

described chemical formula (14) and 0.7% by mass

(CF2)3(S502)2NH based on the copolymer and 0.7% by mass
tetrabutoxymethylated glycoluryl based on the copolymer was
used as the material for forming a protective film whose solid
component concentration by mass was adjusted to 2.5% by mass,
the number of pattern defects represented by bridges, etc. was
measured three times respectively to obtain mean values
thereof. Results obtained are shown in the foliowing Table 1.
(Comparative Example 1)

Using entirely the same procedure as in the
.aforementioned Example 1, except that no protective film was
formed on the resist film, the number of pattern defects
represented by bridges, etc. was measured three times

respectively to obtain mean values thereof. Results obtained
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Example 1

As clearly seen from the above-described Table 1, it was
- observed that when the material of the present invention was
used, the number of pattern defects specific to the liguid
immersion lithography process represented by bridge defects,
etc. was reduced to less than about 40%, as compared to the
number of defects observed when the material in the present
invention was not used.
As described above, according to the present inventidn,
even if é resist film is formed using a common resist
composition, it is possible to obtain a material for forming
the prbtective film which is capable of simultaneocusly
.preventing the permeated of a resist film by the liquid for
liguid immersion lithography, regardless of the type of the

liquid for immersion liquid used, and particularly water or a
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respectively to obtain nean val ues thereof. Results
obt ai ned TKYF-070 29 are shown in the follow ng Table
1 as ratios relative to 10®B0 defects obtained in the
conparative exanpl e 1 described below. [Table 1]
£1 Nunb e$ pattern defe ts Nupber of Praqtective, Total
uoRihbePased %P?mje 4eREEt USPR| A adf egglﬁw&mm?%mn
e 1 present 35 61 Exanple resent 41 69 .
hth%{s%rgw @%F@%m N spALEnsar %}g bkt R UL Ve
le 1 As clearly seen fron1the above- descrlbed
fllmT%nEhﬁ PresRRs 1BBSBEVED. t RaFeRhEh PRETREPEFPRI DB
the present invention was used, the nunber of pattern
effeqbiget¥ 5pEwpei BSiBot AellgyifdimpareisnonltheABEPAShy
process represented by bridge defects, etc. was .
Procegduced to | ess than about 40% as conpared to the
nunber of defects observed when the material in the
~present invention was not used. As described above,
according to the present invention, even if a resist
filmis fornmed using a common resi st
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conposition, it is possible to obtain a material for
formng the protective filmwhich is capabl e of
si mul t aneously preventing 3lhe perneated of a resist
filmby the liquid for |liquid innersion l'i t hography,
regardl ess of the type 09£4ﬁ¥ liquid for imrersion
iquid used, and parti cul Swat er or a TKYF-070 30
fluorine-based inert liquid used in a liquid inmersion
l'i t hography process Consequent |y, when using a
protective f the present invention, [e

1- algt%%eleﬂa%l bhor F iR yrw%o%%?%tw.ahffa provided
|nner5|on I|tho raph process. TKYF-070 31 CLAIMS 1

on argatdti bfifort %rﬁ?%@r%@?‘e%P%Prb%P%cﬁPvélF?F-h soluble

provided on a resist film the material _conprising an

POlY%?RhFlc%%PQBPEtrpﬁh?ﬁ%%ﬂctb%nﬁﬁﬁEﬁFt aReLei ATt hBe
contact angle of the polynmeric conponent to water is

polynppiercaBpoBeRt YThevwahesrial 28ccerdrhgveo claim 1,
wherein the resist filmis used for |iquid inmersion
l'i t hography process. 3. The material according to
claim1, wherein the polyneric conponent is an

2. ad?®¢|mﬁ¢ﬁ¢y@%racaordh@gnave¢l@imabcowUEnglnothtarﬁﬁBSt
wherein the acrylic polynmer conprises (nmeth) acrylic

filmags dusedisforubhguiidi ismandionciythogespby ponsestuent
units represented by the general formula (1):

3. The material according to claim 1, wherein the polymeric

component is an acrylic polymer.

4. The material according to claim 3, wherein the acrylic
polymer comprises (meth) acrylic acid constituent units and
acrylic ester constituent units represented by the general

formula (1):

Rl

1
R™ (1)

Rf

wherein R’ is a hydrogen atom, a methyl group, or a
hydroxyalkyl group having 1 to 4 carbon atoms, R"™ is a linear

or branched alkylene grcup having 1 to 5 carbon atoms, and RE
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R O ORIm(1) R wherein R is a hydrogen atom a
nmet hyl group, or a hydroxyal kyl group having 1 to 4
carbon atons, Rmis a linea¥2 or branched al kyl ene
group having 1 to 5 carbon atons, and Rf TKYF-070 32

. i hydr ogen_at om _or | kyl group.having 1 to 15
15 a BYBsRUChL GLE™ aSBorti BRSL SFPUG PRYAPGgan Cat drcazbon
t hereof being su ititu#eg with fluorine atons
8 8fchy

5. The
atoMzyt 8r PAF “4880PHI A ﬁPﬁ?nmﬁEP@FntPﬁéeagrPPFEQ
ol ynmer, conprises the (nmeth) acrylic acid constituent
gﬁF%%?d WﬁggcgiEPF%HEnétBW?ts represented by the
general formula (1) and at |east one of acrylic ester
constituent units as a third constituent unit,
reﬁresentedlb the general formula (2): RO Or (2) _.
5. wheReimrrersah agerbgend atenrdrin fet WpergidupheangrRLic
is an alicyclic hydrocarbon group having 4 to 15 .
PolyRgrbepmarsAes sheTHrelhl epralvlaccerdingonstétaemtsunits,
' wherein the third constituent unit conprises at |east
the egpstényentuenitanresrenhakednbR’ the gebecedd foromlr' (1)

aand R" b, and Rl ,a is a
and at least one of acrylic ester constituent units as a thizgd

subs

constituent unit, represented by the general formula (2): _

R

O
Rll (2)

wherein R is a hydrogen atom or a methyl group, and R’’ is an

_.alicyclic hydrocarbon group having 4 to 15 carbon atoms.

6. The material according to claim 5, wherein the third
constituent unit comprises at least two constituent units
wherein R’’ is selected from R'’2% and R’’®, and R'‘? is a
polycyclic hydrocarbon group, and R'’® is a monocyclic

hydrocarbon group.

7. The material according to claim 6, wherein the polycyclic
'hydrocarbon group is at least one hydrocarbon group selected

from the group consisting of a dicyclopentanyl group, an
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pol ycyclic hydrocarbon group, and R , b is a

nmonocyclic hydrocarbon group. 7. The materi al

according to claim®6, whereidn the polycyclic

hydrocarbon group is at |east one hydrocarbon group
adamse%eited fromthe groyp consi st | | ng o£ a

eyt SpRHPang | “GFBUPY LaAt TRRE- 8707537 AB¥aALYFP,

. _grou nor bonyl qrou an is | group, a

exicfrreBee R Pogy 0l anbChere RLCgCREaEdeay P B oup. 8.

The material according to claim®6, wherein the

nnnocyclic hydr ocarbon group is at |east one

qaocarbon roup selected fromthe group, conS|st|ng ,

8. off d@%?%ﬁ% §|a€?%ﬁﬁln% E?c?%%é%t?# w@@aﬁbnaﬁaeamon cyclic

cycl oheptyl group. 9. The material according to claim
hYdrscaah@PeQHOPﬁelacﬁy|ﬂ@aSEOPVRehyééﬁﬁar§@§ ghevpneehpcted

acrylic acid constituent units, the constituent units
- from; ppegBARBICHYSERELIRENEEaR FUEkahaxyl) groupe @ cyclopentyl

constituent units represented by the general formula
group2andgadcyelpbaptydnerefiPacryl i c ester constituent

units as a fourth constituent unit, represented by

the general fornmula (3): RO OR (3) wherein Rl |

Is a chain hydrocarbon group. 10. The materi al
9. acthediagerbatl atorddinpetei nlahe Bhawherhydr bbar bomylic

group is at |east one selected fromthe group
polymer comprises the {(meth) acrylic acid constituent units,

the constituent units represented by the general formula (1},
the constituent units represented by the general formula (2)
and at least one of acrylic ester constituent units as a

fourth constituent unit, represented by the general formula

(3):
R
0O
O
Rur (3)
wherein R’’’ is a chain hydrccarbon group.
10. The material according to claim 9, wherein the chain

~ hydrocarbon group is at least one selected from the group
consisting of a n-butyl group, a n-pentyl group, a 2-

ethylhexyl group and a n-hexyl group.
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consi sting of a n-butyl
et hyl hexyl
The materi al

grou

polymer is represented by the genera

RRR gr st uUu 000 HO

group and a n-hexyl
according to cd4aim 3, wherein the acrylic

a n-pentyl group, a 2-
group. TKYF-070 34 11.

P,

R
r,

fornmula (4):

Rm Rf (4) wherein q,

s, t, and u each representing nol % of the constituent
11 th to, 60 %, 12,
110 robhei B SEBT o e TATRF of i SLATDr Ene¥ PSR EpRgRaRYIic

olvent. 13. The er
PolylREy SPnEeRECetheen: by, Lhg

mat erial according to claim

ac

g6hEF?

Reres " SekBale B e
1

further conpr|S|ng %2

wherein g, r,

constituent unit in the polymer,

12.

The material according to
solvent.
13. The material according to

is alcoholic solvent.

14. The material according to
crosslinking agent.

15. The material according to

C))

s, t, and u each representing mol% of the

are 2 to 60 mol%.

claim 1, further comprising an

wherein the solvent

claim 12,

further comprising a

claim 1,

claim 14, wherein the

crosslinking agent is a nitrogen-containing compound having at

least one selected from an amino group and an imino group,

each of which is substituted with a group selected from a
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hydr oxyal kyl group and an al koxyal kyl group. 16. The
~material according to claiml1, further conprising an
"~ acidic conponent. 17. The méterial according to claim
16, wherein the acidic conponent is a fluorocarbon
. T erial _according to claim 2,
hydr&%ggggﬂgtﬁ%gqugﬁgng#n%%?%f%%fﬁygh%g?g hy process have
a construction by which the resolution of ‘a resi st
pattern on at least a resist filmon a route of
al l.owi ng |ithographic. exposure light to reach to the,
16. Pl R e i of EaSoEERI TRe hain il FRrERRF ettetriging en
.dlntervened Py aliquid for liquid imrersion
aCLe T HOGP PRy -havi ng a predeternined thickness, which
has a refractive index larger than that of an air and
smaller than that of the resist film 19. A nethod
- for. forming a resist pattern using a |iquid, imrersion,
7. ithodhalstit ot creSerdine Het hbalBohpr i YRAGetRetlEepeidic
of : formng _a photoresist filmon a substrate; form ng
companghbt 88t # vELEPFAFBALPReCPERPYNDE | | m by using t he
mat erial according to claim1; directly placing the
liquid for liquid imersion |Iithography having a
predeterm ned thickness at |east on the protective
18. fiThe gretdelalibscearéimaviagcliabmrdsi ghetplim dhe Lheauid
protective filmlayered thereon; TKYF-070 36
immerpiewi bithgorhphyeprscets| havet A predétrectinedby which the
patterning |light through the liquid and the
resoppbtentdVeafremisaindattern on at least a resist film on a

route of allowing lithographic exposure light to reach to the
resist film by exposing the resist film, while being
intervened by a liquid for liquid immersion lithography having
a predetermined thickness, which has a refractive index larger

than that of an air and smaller tharn that of the resist film.

19. A method for forming a resist pattern using a liquid
immersion lithography process, the method comprising the steps
of:

forming a photoresist film on a substrate;

forming a.protective film on the resist film by using the
material according to claim 1;

directly placing the liquid for liquid immersion lithography
having a predetermined thickness at least on the protective
film on the substrate having the resist film and the

protective film layered thereon;
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optionally subjecting the resultant resist filmto
heat treatnent, and washing the protective film and
the resist film by using aPkal i ne devel oper sol ution
to renove the protective film and sinultaneously

i rraQEYEL 0P yé& S1 1ok A O PREEEDri FES! Shtternin
trradfy rr. MivEsoro wlth preadeininealp g
light through the liguid and the protective film, and
optionally subjecting the resultant resist film to heat

treatment, and

‘washing the protective film and the resist film by using

alkaline developer solution to remove the protective film, and
simultaneously developing the resist film to obtain a resist

'.pattern.
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