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FILM FOR USE IN LIQUI D | MVERSI ON LI THOGRAPHY PROCESS
AND METHOD FOR FORM NG RESI ST PATTERN USI NG THE
PROTECTI VE FI LM TECHNI CAL FI ELD The present invention
relates to a material for use in formng a resist
filmpreferably used DRs@RIPQDOM | nmer si on
| ithography process, in particular, the liquid
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resolution is enhanced by exposing the resist filmto
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predet erm ned thi ckness whose refractive index is

hi gher thappthaknofisaie apd bewercthan rthat of the
resist filmon at least the resist filmin the path
of the |ithography exposure |ight reaching the resist
film and a method for form ng a resist pattern using

the material used tpcfRiARNOFtREDProtective film
BACKGROUND ART Conventionally, a |ithography mnethod
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enhanced by exposing the resist film to light through an

intervening liquid in a predetermined thickness whose

ref:active index 1s higher than that of air and lower than
that of the resist film on at least the resist film in the
path of the lithography ;xposure light reaching the resist

film, and a method for forming a resist pattern using the

material used in forming the protective film.

BACKGROUND ART

Conventiconally, a lithography method has been used in
fabricating fine structures in a various kinds of electronic
devices such as semiconductor devices and liguid crystal
devices. However, the need for micro~fabrication of resist
patterns in lithography processes has arisen as device
structures have been miniaturized.

At present, in the most advanced areas. nowadays, for

exémple, the lithography method can form é fine resist patterﬁ



which has a line width of about 90 nm however, a
finer pattern formation will be desired in the near
future. To achieve micro-f&brication of patterns of
line wwdths finer than 90 nm the success of the
devel opnent of a photolithography machi ne and a
whichr bgbse suheawidthopft AbomachRPnam;i bowhwenpse EApert ant
key. In the photolithography nachi nes, devel opnent
pattehasfgemetabhywbéénbtodasedednishbheeneng fheure.
wavel engt hs of |ight sources, such as F2 excimer
| Bseashi&Wy miexdrEakriutst aonobEt patteatsony, lehecvidhhs
beans, X-rays, and soft X-rays, as well as on
fineri hbeeaS80ngmt hehausercceak apethar devéhepmenaf bér a
sinmply referred to as NA) of |enses. However,
photoihohbgnrepgyohathénwavatieagirbsiet kughtbiseufoesthe machine
requi res a new, expensive photolithography machi ne and
is théumbber impbRtaAaskeg.t hen Nhe apiseso I heh g obbleym @t ines,
the depth of focus is reduced even if resolving
develaphkhtyhhs pBpeevedybBeaHs€oehisetihent sadetehfinki €se
bet ween resolving ability and depth of focus.
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solution of such problens, a nethod referred to as a
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exanpl e, see Non- patent docunents 1 to 3 Int
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a“convénti ot
increasing the NA raises the problem that the depth of focus

is reduced even if resoi;ing ability is improved because of
the trade-off lies between resolving ability and depth of
focus.

Recently, as a lithcography technique enabling the
solution of such proklems, a methed referred to as a liquid
immersicn lithography has been reported (for example, see Non-
patent documents 1 to 3). In this method, a predetermined
thickness of liquid refractive index medium {(refractive index
liquid or immersion liquid) such as deiocnized water or
fluorinated inert liquid is placed on at least a resist fiim
between the lens and the resist film on a substrate during

exposure. In this method, instead of a conventicnal inert gas

such as air or nitrogen used in a conventional method, a




3 liquid wth a larger refractive index (n), for

exanpl e, deionized water i,s placed in the exposing

| ight beam path space so ds to achi eve hi gher

resolving ability and no reduction in depth of focus
1i .§Lth Ese of a Ii%ht source Wwth the sane
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because it epables the formation of resist patterns
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focus at a |lower cost even if the |l enses attached to
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Journal of Vacuum Science & Technology B (J. Vac.
with Ghe sgwehnarelengthpabl thkegoniwpnyispal) onelggen Vdl .

17, No. 6, 3306-3309); Non-Patent Docunent 2: Journa
shortgr’ yavalensthence &HYTécﬁhoNagQLelS(%$ avec ussgi..

Technol. B) ((published in) US A), 2001, Vol. 19,

Nﬁhi6,123@8d23@®¢¥saﬂd kbhhpgtephdecawenspacial attention,

Proceedi ngs of SPIE ((published in) US A), 2002,
becauyel it496ab1l459tU65foHumeYen, oifnrebeski gaitd ermeewditon a

l'i thography process, the resist filmis directly in
highecroneaci vinghabhéitef andt buperndexdepitgubd Eooumr sitom

liquid) during exposure, and hence the resist filmis
lowervabserabée 16 thwaseénnebyatbachiequiid. thBusxisting machine

conventional resist conpositions need to be tested to
are usleier m ne whet her they can be used in the |liquid

i mrersion |ithography.

Non-patent document 1: Journal of Vacuum Science &

Technology B (J. Vac. Sci. Technol. B) {(published in) U.S.A.),
1999, veol. 17, No. 6, 3306-3309);

Nen-Patent Document 2: Journal of Vacuum Science &
Technelogy B (J. Vac. Sci. Technol. B) ((published in) U.S.A.),
2001, Vvol. 19, No. 6, 2353-2356); and

Non-patent Document 3: Proceedings of SPIE ((published
in) U.S.A.), 2002, Vol. 4961, 459-465.
| However, in the liquid immersion lithography process, the
resist film is directly in contact with the refractive index
liquid (immersion liquid) during exposure, and hence the
resist film is vulnerable to invasion by the liguid. Thus,
conventional resist compositions need to be tested to
determine whether they can be used in the liquid immersion
lithography. |

Currently used resist compositions have been esfablished




Currently used resist conpositions have been
established 4 through extgnsive searches for resins
providing with the nost essential property which has
transparency to the exposure |I|ight. The present
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resolutlon in liq imersion lith % r aphy d%ﬁh & i
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exhi bit finer and higher resoIV|n% bilit %Fprdlnary
liquig iRe§EEpRY B&téﬁﬁéﬁpé’ PRESUGE HifcRedr 581 Any of

these resist compositions has been devel oped ﬁ o
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various favorable resist properties, |nclud|n
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~.and storage Stabl|lt¥ The only disadvantage of these
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i mrersion |iquid. Some exanpl es of conpositions which
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Conparative Exanples of the present invention
due tdescrihbedebdnowheir properties by the liquid, but which
exhibit finer and higher resolving ability in ordinary
lithography by exposure through a layer of air. Any of these
resist compositions has been developed by expending
‘significant development resources, and has various favorable
resist properties, including transparency to the exposure
light, developability and storage stability. The only
disadvantage of these resist compositions is the lack of
resistance to immersion liquid. Some examples of compositions
which are not suitable for the liquid immersion lithography
but achieve higher resolving ability in the lithography
through a layer of air are shown in the Comparative Examples
of the present invention described below.

Even for the aforementioned resist film intended for use

in liqﬁid immersion lithogfaphy, the guality and yield of non-




Even for the aforenentioned resist filmintended for

use in liquid imrersion |ithography, the quality and

yield of non 5 defective éroducts have been proven to

be | ower when the conpositions are used in liquid

i mrersion |ithography than when used in comon
defectivRographytenhatiecheenerresest thi bgs laver algssddevi a

an air layer. To evaluate the aforenentioned
compopdflipnemenesusftd donvéaniidnamegsiion itk ofrgprhyhé&han

liquid imersion |ithography, the follow ng analysis
when hgedohductrmuonSpethbygcabhy, ihowhdedl Gdie wgstise films are

formation of a resist pattern by liquid imrersion
exposedt wogr aphyiri flaysrconsi dered to be necessary and

sufficient to confirmthree points: (i) the

peo f evahngeeotheéhefopémeat isystieregnitrhachiquiod

i mrersion |ithography nmethod, (ii) the effect of the
convenesoatlf iremien thdnsmessidre | Lggudd iandréiion) likéography,

change of properties of the resist filmdue to the
the fohMewshgnahbQykds (k) cAadakead.y understood, for

exanple, in the case of where is assuned where a

phetosensallye pbat evhdhaphagoghapiyrmavwhese osubf aeeist

IS water-proof, is imersed into water and a
pattePat bor Niggili ghinePeaBhi Sikhbadiphed art ast kersuaes to

there is in principle no doubt with respect to the

be neB8kBhr{l hndt BatrieichRetpechbarTRice nofecapApitiscal(i) the
system that no problemoccurs if no |ight
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the interface between the water and the surface of the

lithography method,

{ii) the effect of the resist film on the immersion liquid,

and

(1iii) the change of properties of the resist film due to the

immersion liquid.

(1) As clearly understood, for example, in the case of
where 1is assumed where a photosensitive plate for photography,
- whose surface is water-proof, is immersed into water and a
éatterning light beam is irradiated onte the surface, there is
in principle no doubt with respect to the point (i), that is
the performance of an optical system, that no problem occurs
if no light transmission loss occurs on the water surface and
at the interface between the water and the surface of the
photosensitive plate. In this case, light transmission loss
may be easily solved by suitably correcting the incidence

angle of the exposing light-beam. Therefore, it is considered




phot osensitive plate. In this case, |light transm ssion
|l oss nmay be easily solved_by suitably correcting the
i ncidence angle of the exgosing i ght beam
Therefore, it is considered 6 that any objects of
exposure, for exanple, a resist film hat hi c
that §§HSPF§@€t§IQéeexﬁﬁéugﬁflﬁﬁéée§@F@&ﬁ ﬁth flﬂﬁbr?
to the inmersion |i nanel y, .which are not
photograpbicy Seb'lﬁlttﬁéfel ﬁﬁ@ﬂl@voﬁnﬂ GG dMagRd SHTCER d(‘ﬁ’hﬂr&P are
affect the inmersion qui d, cause no_ change of th
inertpger dheaARESHE 1CRe léﬁ{ﬂlé*m naged e mwhils ane; nod adtected
necessary to _further confirmthis point or conduct
by thgnyrgegsrionent i dirt angi P ithe d8t Mot adf odte thgsiigmersion
filmon the |nner3|on I|qU|d specifically indicates
liquigharatite eonsdrese 6f the pegiformapaemafs tes setied i n
the imersion liquid to change the refractive index
systepf. tHeubi qubdisThebreereashyy WheAurhiberreppiérmyehis
i ndex of the immersion liquid changes, the optica
pointr esolcgmidois tofanyh e xpatrtisentexposir-e is sure to change
and experinents are not necessary. In this point, it
i s(@hbufhet effechpby theckeahethénlmhencbhpom@mﬁréﬁon
the resist filmimersed in aliquidis dissolved in
liquithepleicdifiidatld yc Hawdeattlee thertmidhat icompomerdf refcttihge resist
i ndex of the imrersion liquid, and it is not
film decedsany viea dimecker esolerisigraliilguiyl by adtargle the
irradiation of a pattern |light and devel opnent.
refraCanver Seldex wifenhichd ikedidst Theoremesdéd, i rkhehethe
liquid is irradiated with a pattern |ight and
refradevelcopediaxo oghetle imesaisdiong lakjdiid hargdss possidpteical
to know as to whether resolving ability is excellent
resol@tiP@Olf Bife Hatiter@l fhiptithird @ s sure to change and

experiments are not necessary. In this point, it is enough to
simply check whether the component of the resist film immersed
in a liquid is dissolved in the liquid to change the
formulation or refractive index of the immersion liquid, and
it is not necessary to check resolving ability by actual
irradiation of a pattern light and development.

Conversely, when the resist film immersed in the liquid
is irradiated with a pattern light and developed to check
resolving ability, it is possible to know as to whether
resolving ability is excellent or poor, but it is difficult to
judge whether resolving ability is affected by the change of
the properties of the immersion liquid, the resist material,
or both.

(iii) With iespect to the phenoﬁenon in which resolving




judge whether resolving ability is affected by the
change of the properties of the immersion |iquid, the
resist material, or both.7(iii) Wth respect to the
phenomenon in which resolving 7 ability is |owered by
__.the change of properties of the resist filmdue to
abilifHelpnkerwsied Bwq@he, changgaldapiropetrsdess oéh tis nagdst
in which "the resist filmafter exposure is showered
film dixehtot kbei immesboan| Lgaiddandnt kA ldetdloopédstasdicthheés
resultant resist pattern is examned in respect of
that peswhiichg"abel repists fiduf hifteenekposvalkudiseghowe el yrith
eval uation nethod, the resist filmis directly
the imheweied W ghithenHi gbed, dame lberce Bhd thendiasidrisnt
for imrersion are very stringent. In this point, by
resisthpateéstni hswhkehinhd fesirstpeicitmodomplsetlelinng midsed” is
inthe liquidis exposed, it is difficult to judge
suffiwhehheéy eesohwind. abhlthysisvehangednbyethedgchahgeregist
properties of the imersion |liquid, the change of
film psoperttedsyokhbhereedswith cbgpasicuian duel thenidse the
i mrersion liquid, or by both. The above phenonena (ii)
condi@pdngi Fb)y ammetrB¥Ooni des okri/hetrsageneQi NInadHipagobat, by
figured out by identifying an alteration |evel of the
the t&€8i sh “hiahbyhtheekigui ¢i1BaseapoBtihs Hesiriseofint hte
anal ysis, the suitability for [Ii1quid I mrersion
liquidi 1 BogkpeBY¥a0f ithesr asirst chilkmreurhgRt! WhePhRROSRE MAS ny
eval uated by an eval uation test problem"the resist
abilit{! Msabhghg8YPBSULRel 8haRgwered WobB fthe sl Frersion
l1Tquid and t hen devel oped, and Fhe resul tant resist
immerBEbHEI Aghi$a €XABl BRAnLB beSPeebe?t 1685l Vithe ahidiidty.
The suifabi[ity can

composition due to the immersion liquid, or by both.

The above phenomena (ii) and (iii) are two sides of the
same coin, and may be figured cut by identifying an alteration
level of the resist film by the liquid.

Based on the results of the analysis, the suitability for
liquid immersion lithography of the resist film currently
proposed was evaluated by an evaluation test problem "the
resist film after exposure is showered with the immersion
liguid and then developed, and the resultant resist pattern is
examined in respect of resolving ability." The suitability can
also be evaluated by simulating the practical production
process using a "two-beam interferometry exposure method" that
includes using an interfered light caused by a prism as a
pattern light for exposure and subjecting a sample immersed in

a liquid to exposuré.




al so be eval uated by sinulating the practica

production process using ? "two-beam interferonetry

exposure nethod" that includes using an interfered

| i ght caused by a prismas a pattern Iight for

e gosure and su ectlng a sagg nmer.sed in % guhd
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neM/reS|st filns SU|tabIe for E d i mmer.si on
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resources. However, it has been_ denonstrated that
Slgnl§éﬁ§n6fdﬁﬁ6188ﬁﬁéﬁtF@ﬁ&PrF§§|stH%%ﬂﬁ%Eft%BngaStﬂﬁ?n

have been suggested has properties suitable for the
demongitgaitgd feisEeRel Pﬁh&&ﬁaﬁﬁﬁﬁv\%ﬁﬁﬁoaﬁlwrﬁﬁéﬁtt SepgReitions

nodi fications, although their quality deteriorate
that hgveoheendegpeestrd has er%‘e%éﬁsdéh%ﬁé 1gt d@1t e

many resist films are susceptible to alteration and
liquiflaiiinmeg speoyildé hegirrpbleit thpatt #ikhresolrddiost due to

imrersion liquid in liquid inmrersion [|ithography, but
modifdgehipasi selthpmghcghedti uaBd tysadyi detionivagiapty iHpne

exposi ng through common air layer to formfine
degrepat t Bt nsawi 2 hshilgher demonvingtedi they mang preseht Lilms

i nvention has been made in view of such problens
are sasseptabéd wot hltemasntinopald tfedhAnitquesovAnlepsiuddtiioient

of the present invention is to provide a technique
patteenabkisnduttiibe adpgl itcatimoe reflonhé igesidstinf illimudist dimred sion

from conventional resist conpositions, which have
lithoyegphiyedboany udéy eleapmentt i lnes canc es itld. fdee usieguiich

i mrersion |ithography. Mire specifically, the
lithoagkpgeli ve ekpbliisigi mheRlIgHN dosmion edabllevidre to form fine

formation of a resist pattern wth higher resolving
- pattea@Bisl wi¥h higher resolving ability.

The present invention has been made in view of such
problems associated with conventional techniques. An objective
of the present invention is to provide a technigue enabling
the application of the resist film obtained from conventional
resist compositions, which have required many development
resources to the liguid immersion lithography. More
specifically, the objective of this invention is to enable the
formation of a resist pattern with higher resolving ability
using liguid immersion lithography by forming a specific
preventive film on the surface of the conventional resist film
so as to simultaneously prevent the deterioration of the
resist film and that of the immersion liguid used during the

liqguid immersion lithography.




using liquid inmersion |ithography by formng a
specific preventive filmon the surface of the
conventional resist film $&o as to sinultaneously
prevent the deterioration of the resist filmand that
of the imersion liquid used during the 1liquid
i mersion |itR6GEEPHRYREQOFDIESEL OBURETORPNTHE | NVENTI ON
For solving the aforenentioned problens, a nmateri al
fBer foiwing bBheesistepentéchedeptpbiensedaf patelméal for
liquid imersion |ithography process according to the
formippgesemksipteptrbbohactiva frhidtenisad ffor fobremlhguddr dsnstrsion
protective filmprovided on a resist filmso as to
lithograpbet prheesesastotrbimgt aobéheubjrecead ihoenhddn du G
i mrersion |ithography process. The material is
materdhar dekrefbshiagi A Ravisg peoskwbstart ifallrs@lrukiildedy dm a
wat er, and being al kali-soluble. The method for
resistofnifagsa mestst ppatberntak trheiptesan tionvents®iddcted
a method for formng a resist pattern using a liquid
to theNMRHSHANikinkRegbaphy tpbgeapsy Wrekeisd .t henhaehhedrial is
conprises: formng a photoresist filmon a substrate;
charab@BERi BEicaifr AheEhhVaof khimshavicag 1t Re1pLanertl a% ater,
bei ng substantially insoluble in water but Soluble in

and bahkal hNRa0®N-EReuhesi st film; directly placing the
liquid for liquid imersion |ithography having a

Dfﬁée&§£ﬂ$&e§o£hkékﬂ§§§ gt rbeast pArtRen BEOLBE! b¥@sent
filmon the substrate having the resist filmand  the

invenPiBhegk! %ﬁn@chghl per ggrhﬁﬁﬁegnieisrirs‘%d. i%ttit%g:.nt N&ing a

resi st mw th predetermned patterning [ight
liquigﬂgﬁﬁggs%ggtg%?ﬁé rggﬁk]bg%gggshw%%% EQQ Ekghggﬁﬁﬁﬁy
comprises: 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
optionally 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.

The liéuid immersion lithography process preférably



optionally subjecting the resultant resist filmto
heat treatnent, washing t protective filmand the
resist filmby wusing al kati1ne devel oper solution to
renove the protective film and sinultaneously
devel oping the resist filmto obtain a resis ,
1mpr0§§€téﬁﬁlS%h@aFtaapdr?ﬁﬁéﬁ§ﬂaﬁ Pt RE§PEPRY 5P8cé§§15t film
preferably 10 inproves resist pattern_resolution by
‘throug@psbengredetresisedf thackpresugh the 6#€&éﬁeﬁﬁFn§He
. thickness of the liquid for the Iliquid inmersion,
liquipj énBgraphy, léthapireRhyne ofehachi F8ei Fdxactargedndex
than that of air and smaller than that of the resist
largefi thansthatepfenéd and eastlen fthanr &§pst ofi Chei gegist
path of the Iithographic exposure light toward the
film pesiistefivened BGrikestors, the theiptesdnn invénkiadh, of
when formng the resist protective film a specific
the lfikhogoeghbonezprpourd lidbscricbeddoshewries ipteffddabl.y
added as a conponent. By using the material for
f Bunthgrmopept ot thie prepenaccovdnhgone whenpfeswing the
invention, the protective filmcan be directly forned
resisanptrhéecedivet ffiilllnn sosascidt ct dluntrechebenwicomp oulmel
patterning |ight exposure. In addition, the material
descriibed befniwngst beefieatedtyi weldeid msof thinponevention is
insoluble in water so as to enable the use of "water
(BUresvagethermdeeenhzedowaterningi ahpirstenst vei el
to be the liquid used in liquid imersion |ithography
accorpifgess beeapsesehtt haveptiieal, theqpirberentseoffillinguath be
i mrer si on |ithography, easy handling, and no risk in
direcpQ! ¥birRgdt Be eRvi FeBABRt Fiam ke aachual tl quitdrHdedte with
i mrersion |ithography process. In other words, even

the pWR€Brning light exposure. In addition, the material for
forming the protective film of this invention is insoluble in
water so as to enable the use of "water (pure water or
deionized water) which is most likely to be the liquid used in
liguid immersion lithography process because of the optical
requirements of liquid immersion lithography, easy handling,
and no risk in polluting the environment" as the actual liquid
for immersion lithography process. In other words, even when
water, which is easy to handle, has an excellent refractive
index property and no risk of environmental pollution, is used
as immersion ligquid for the liquid immersion lithography
process, the material for forming a protective file of the
present invention sufficiently protects resist films of
various compositions during the liquid immersion lithography

process so that the resist patterns having excellent



water, which is easy to handle, has an excell ent
refractive index property and no risk of
envi ronnental pollution, i% used as inmersion |iquid
for the liquid imersion |lithography process, the
material for formng a protective file of the present
propejipient con H&f Pibdiedmeldy piot edddtiesi swhenl fheopxposure
vari ous conpositions during the liquid imrersion
light| wikbgraphyelpngtés 9Lsd S7ham tilve usesi,sta gattoarims -
havi ng excellent 11 properties can be obtained. In
contaiddingi ovediwherd st e kedpodur de Ithghtl i & omaviglerigt h
of 157 nmis used, a fluorine- containing nmediumis
immerbkikel yithogearhy Ifirgm dhfeow lewgpgiight iofmertsd exposure light
l'i thography fromthe viewpoint of the exposure |ight
absorghsonpt i Bnen Eweanwheohsachilaoflinercnetedantagnspfvent is
solvent is wused, as for the water nmentioned above, it
used, subf forentky waprat eehs ivhed esicte,f idtmsdifiing dritdui d
i mersion |ithography process so that the resist
protepakt ehe wekh sexdellredurpheparitgasl ieade e cebtlaimedyraphy
Furthernore, since the material for formng the
procepbotecthve fhlemragderdipad tkeent RA HY eSSl lidieHridedtSies
al kali-soluble, it is unnecessary to renove the forned

can bprebeatnee.fiFovfrembhe, reshet thkmMmBEkeRalofble forming
devel opnent process even when the |ight exposure is

the peBRBLeLed FeaGNi=RG B ngSkep tofe FOVRlLRTBRYy IHACRSS: s
That is, by using the protective film obtained using

alkallbgoMaberl ak tf 6 LANRIRG sbhe RIPURAIWE tHd 1#fBrmed
according to the present invention, it is unnecessary

protebPiveekidR EheSteR ok HeWDWHiNG ' UL i dvd Bpment

prior to the developnent process after exposure such

procegga;%lv%gle wﬂgﬁg%@%rgggptp LASELH AN & A S T AW the
step of development process. That is, by using the protective
film obtained using the material for forming the protective
film acceording to the present invention, it is unnecessary to
set up the step of removing the protective film prior to the
development process after exposure such that the development
preocess for the resist film with an alkaline developer
solution can be performed as the protective film remains, so
that the protective film removal and the resist film
development are simultaneously accomplished. Therefore, the
method for fo:ming the pattern using the material for forming
the protective film according to the present invention can
efficiently perform the formation of the resist film with an

excellent pattern property keeping the environmental pollution

risk extremely low and réducing the number df processes.



solution can be perfornmed as the protective film
remai ns, so that the protf tive filmrenoval and the
resist film devel opnent ar®e sinultaneously
acconpl i shed. Therefore, the nethod for forming the
pattern using the material for formng the protectiv
ff*ﬁn@ﬁéééﬁ-ﬁ?%gaPSV?helBr E8EnPTRROBA RBNeRARON, When the
efficiently performthe formation of the resist film
protegitifyead ilakdel ferincgat toen Spesidicy eegiorgps compound
' environmental pollution risk extrenely | ow and
descrﬂ@@@chﬁféowhésma?@éﬁr@blﬁr G66leses. AdditagngagcEhbagspecific
above, in the present invention, when the protectlve
f1luorpichmbos COmMeEnd REPSPEFEISt icoaftiger FESSET 1eSmsdutd
descri bed below is preferably added. Addition of this
materdpdciffoirc fofrimjododdch . séeirp Pned Sardrvey €8 lgp athieng the
properties of the material for formng the resist
materprdt éct iape lfiicidmonhéhet resimdt diilal ass aapplatdddorsaliydion.
resist filmas a coating solution. Mre inportantly,
More vwheerthe tiyot edeinvehii pmodeded we tii lithiagldeshewith ¢his
fl uorocarbon conpound is used, resistance to post
speciéipogine rdelaaiponn campatimols phwe s econtrasiistgreces el [post
amount of amne after exposure can be inproved. This
exposhegl sikdrge 1o apositmexposiuee cdeltayi nisidra efrlall amount of
descri bed as follows. The atnosphere of exposure and
amined@av¥eleeprempio spirec esse bef dimpuswald.resi sts contains a
m nute quantity of amine in the order of ppb. It is
kpawe that swhede tbi poall BEpOGHRS ide1e@ntiach el vt he
resist filmafter the exposure process, it causes
descrdbstionls edliirishe PRkt gtRosphaRBSLENCQBbRURRdabY t he
subsequent devel opnment. When no significant
deve 10bae@itt i da ddie fesiushinatdyin 1 MR Om P Wishute

quantity of amine in the order of ppb. It is known that when
this amine comes in contact with the resist film after the
‘exposure process, it causes distortion in the pattern
dimension obtained by the subsequent development. When no
significant distortion in the resist pattern dimension occurs
by the subsequent development process even though the resist
is exposed continuously to the atmosphere containing a small
amount of amine after exposure, that resist has higher
resistance to post exposure delay.

In the present invention, the protective film has a
special property to protect the resist film after exposure
from the amine action by adding a specific fluorocarbon
compound described below thereto. This becomes one of the

notable features of this invention.



by the subsequent devel opnent process even though the
resist is exposed continuously to the atnosphere
containing a small amountl®df anine after exposure,
that resist has higher resistance to post exposure
delay. In the present invention, the protective film
hés adhespeesahtpiopentyonp phet échutHeimmsirstioni | m
after exposure fromthe am ne action by adding a
lithogpephli cafl ber pearfbamedc byp owndodescteirb ed dhe lagw
thereto. This becones one of the notable features of
substthitsalnyeptirenwatdr bm théopiesentvaitevgniviror, fllerine-
liquid imersion |ithography can be perforned by using
contawatey sunekhtadigsdbstanti alikyipurfe rwatee renoteildnitizedaphy.
water, or a fluorine- containing inert liquid as a
As debtglibddf aboveneEshendeirt hagbdp by oduds ides elished eakeve,f
consi dering of production cost, ease of
post-peshtiheaal NeBly, riew birsknefi reAvieheane pall upaldnutsnen such,
and such, water is nore preferable liquid for
waterl TBEMSKENpLEEBREHABNY i quilawever imhler ian aXxRoPd @ phy.
- light of 157 nm wavel ength i s used,

HowevEkOhBR- 6ANEaLBLNGeSOk ¥aRt oWhiCh ARSQERS 1% h is used,
exposure light  is preférably used. The resist film
fluoryﬁ@dcbﬂtéBﬁiﬁge§6m9ehﬂvﬁﬂﬁb9nabﬁ%&%@eﬁes%n%§ﬁ$§d¥é light

films obtained by using conventional resist

is pr€APYBLLi QRs4 W thout any limtations. This is the
nost notable feature of the present invention. As

d?l§§r£@§gs@bf)]¥fm %QS%GJS_EGEBEa#rgQéﬂ@cﬁﬁ(rleﬁ‘izggnain.@ludes
protective filmof the present Invention substantially

any r%§§9£u?hfmgno%@ggﬁedab§ahgiﬁalE%h@en@ﬁ%n&ﬂrEQEﬁﬂﬁye’
compositions, without any limitations. This is the most

notable feature Qf the present invention.

As described above, the essential characteristic as a
protective film of the present invention substantially
inscluble in water, alkali-soluble, and furthermore, is
transparency to the exposure light, immiscibility in the
resist film, superior adherence to the resist film, and
excellent solubility in the developer solution. As a material
capable of forming a protective film with such characteristics,
a composition prepared by dissolving a specific fluoropolymer
in a solvent in which the resist film cannot be dissolved and
the fluoropolymer can be dissolved is used.

As a fluoropolymer which is the base polymer of the
protective film of the present invention, a polymer having the

following constifutional units is inéluded in the conceﬁt of



transparency to the exposure light, immscibility in
the resist film superior_ adherence to the resist
film and excellent sol ubf ity in the devel oper
solution. As a material capable of formng a
protective filmwth such characteristics,  a
the pedwPedi dingd yskidwamed gy idissddlieng ™y fpd@ifEoluble
fluoropolymer in a solvent in which the resist film |
constdimpdrngd dindddl vied &edtadined g §6r GPdiShferl C&F P having
di ssolved is used. As a fluoropolymer which is the
both edsd¥pdllymer fduaztige pristedt ve HiUareil ke Frdgemnd (X-
i nvention, a polynmer having the follow ng
2): apopdoh@tliiondlydpsiaye igrduiclarded iox & orfEepP of 14
t he pol yner includi ng water-insol uble and
abkeakifdekdbBlye itomde conistasutinned (XL teonai nitdg an
alicyclic group having both of (X-1): a fluorine atom
aforegrend ifdngor da-Kyl agrouX-and are 12)divamus ldlohdidrgded to the
hydr oxyl group or an oxyal kyl group. Specifically, in
alicytdid cc st utn ovrelchurittes IX)cyalie gforenmentdtdnates the
(X-1) and (X-2) are individually bonded to the
princdlpady ehiad rgr olpei afwhesbnthenabi ¢iell) c igr empmplified by
constitutes the principal chain. The aforenentioned
the fDé&ckines aaxenpld:f iced o rite «fd wdrkdyie gtorp, oim avhich some
fluorinated al kyl group, in which some or all of
or allydrogeniralg@is dtane hear sidest idus=ad mitdd fwitdr i filkiorine
atoms in a |ower alkyl group, respectively. Specific
atomseXd R eswdmaiudae addud,| uerpmithle lgf ougpeaific examples
pent af | uoroet hyl group, a heptafl uoropropyl group,

includRd 22 tramafd eyl HFAaup, antbiafludrddendt apans, a

a trifluoromethyl group are preferable from an

heptaflAHdgRIp A0igHodf, \UrW.a Hid#Drdisuexerptadp ey a

a hydroxyl” group alone, and a linear, branched or
fluord¥¥ i om and a trifluoromethyl group are preferable from
an industrial point of view. The (X-2) is exemplified by a
hydroxyl group alone, and a linear, branched or cyclic
alkyloxyalkyl group or alkyloxy group with 1 to 15 carbon
atoms.

The polymer (al2), which is a base polymer of the present
invention, comprising such a unit is formed by
cyclopolymerizing a diene compound having a hydroxyl group and
a fluorine atom. The diene compound is preferably heptadiene,
‘which easily form a polymer having a S5-membered ring or 6-
membered ring exhibiting superior transparency and resistance
to dry etching, and most preferably 1,1,2,3,3-pentafluoro-4-
trifluoromethyl-4~hydroxy-1, 6-heptadiene

(CF,=CEFCF,C (CF;3) (OH) CH,CH=CH,) for industrial use.



al kyl oxyal kyl group or al kyloxy group with 1 to 15
carbon atons. The pol yner éalZ), which is a base
pol ymer of the present invention, conprising such a
unit is formed by cyclopolynerizing a diene conpound
havi ng a hydroxyl group and a fluorine atom The
dientheofipdlnding, pkbtegabkyahepraniréne,(10@hi ckpeasienying
forma polyner having a 5-nenbered ring or 6- nenbered
the ppilygeexhisbishiomy.superior transparency and resi stance
to dry etching, and nost preferably
[Chemicg 12 f8rBupenflaf | uor o- 4-
trifluoromethyl -4-hydroxy-1, 6- hept adi ene
(CF2ECF@F2C(BF3) Hg OH) CH2CH=CH2) far Fndustria uyse. 15
ngrﬁer‘ffbﬁ-o' c-

Q{ﬂg, gerter al Ot @—(+@—C
r preseﬁting t he poKFyner is homn./[ChehhcaT f orvul a

1] P2 R PHE Hf -C/C \ CFaQ C 7 -6H# x \ H2
F2 C CH2 CCH2 YCC F3C\OR5 F3CCYOR5 (100) In

t he gene/él\tornula (100), R5 is a h drbg@n atomoy_a

| i nedaC brancRf or cyclic Cl to EB al kylory grou{J1 0)
al kyl oxyal kyl group, wherein x and y are 10 to 90 nole

PBRCERE, gefiesRBCEDLYRhYa TH08)LYRE DI HOhydBSgERYabEM or a

synt hesi zed by a known nethod. The wei ght-average
linea®p| pedhahewebghtyel ikhe, resi 8,281 oxy group or
alkyloxyalkyl group, wherein x and y are 10 to 90 mole percent,
respectively.

This type of polymer may be synthesized by a known method.
The weight-average molecular weight of the resin as the
polymer component based on polystyrene standard by way of GPC
is not limited to special values but is preferably any value
in the range from 5000 to 80000 and further preferably in the
range from 8000 to 50000.

As a solvent dissolving the fluoropolymer, any solvents
can be used so far as they are insoluble in the resist film
and are capable of dissolving the fluoropclymer. Such solwvents
can be exemplified by alcoholic solvents, paraffinic solvents,
fluorine~containing solvents, etc. As alcocholic solvents, the
commonly used alcoholic solvents such as isopropyl alcohol, 1-
hexanol, 2-methyl-l-propanol, and 4-methyl-2-pentanol are
usable, 2-methyl-l-propancl and 4-methyl-Z-pentancl are
preferred in particular. It has been confirmed that as a

paraffinic solvent, n-heptane, and as a flucrosolvent,



pol ymer conponent based on pol ystyrene standard by way
of GPC is not limted to ecial values but is
preferably any value int range from 5000 to 80000
and further preferably in the range from 8000 to
50000._ As a _solvent dissolvin th%'fluoropoé%ner, ﬁnﬁ

perflyonpsHt U fd AT oSH A &S0t ey ‘i nSBPREI EPFH-
the resist film_and are capabl e of .dissalving the

from fihgoMdsHRpiRT. OSudthes Gihértls Sodatk iHd Wk dipltite dd sy ©f

al coholic solvents, paraffinic solvents,
deve lopieiit @XOSRES nitAG B MEN SO L Vet s AL S IRESHaLaRLe -
sol vents, the commonly used al coholic sol vents such
adsi §6pFEpPEdaPbEREl, tO- thexBRber 12 n€Chy EOF Mg dp&nol |
and 4-net hyl - 2-pentanol are wusable, . ,
proteztgpieh il mcepadindar® 4-heetiaseity divaidi+ gy é-5
preferred in particular. It has been confirmed that as
desin@blga@@ﬂﬁdﬂa;ﬁiﬂo¢@ﬁp;hﬁuhépﬁ@ﬁ@yxbndTagsais because, even
fluorosolvent, 16 perfluoro-2-butyltetrahydrofurane
thoughan af¢eusédie Adong a Hemer ficgmltitdogramisi mrafedshe the
al kali-solubility at the tine of devel opnent process,
resisdl dolal istaswlsvemt §har @ tprosfodreatsl exonAs idesy isheadnaalplovasount
to the material for formng a protective film
of  amdeeorndiing tte thhe plesdrtprianemicneds Wesiurald sl rrdder
a fluorocarbon conmpound. This is because, even
infludmughnf aftiers tdme tHheguiediigteridiroredn theognaphessed by the
process, the resist filmstands in the atnosphere
presctoid aimithg ®retrdtiamuitln ofo ad e piatudo rtde
devel opnent process, the undesirable influence of
signigdiidatordrifRidiesi Sin fildndiatee Gupp egsed-dni dthepattern
presence of the protective filmso as to produce no
_ obtai&ietq?ikfy G COHURION ideddi@idiansd@icafs t heucesi st
pattern
fluorocarbon compounds shown below are not the subject to the

significant newkuse rule (SNUR) and thus are usable.
As such fluorocarbon compounds, those represented by
the following general formula (201)
(CnF2n+1502) 2NH (201)
in which n is an integer from 1 to 5;
the following general formula (202)
CmEF2mi1 COOH (202)
in which m is an integexr from 10 to 15;
the following general formula (203)

[Chemical formula 2]

SO,

(F20( >NH

S0, e e s e e e (203)




obt ai ned by the subsequent devel opnent process. Such
fl uorocarbon conpounds shown bel ow are not the subject
to the significant new us& rul e (SNUR) and thus are
. usabl e. As such fluorocarbon conpounds, those
resented by the follow ng general formula (201)
in Wh@@%FQn%ﬁS@E)2NHEQE@1frpWV@hﬁ@h3n i@gdan i nteger from 1
to 5; the follow ng general formula (202)
the f@ﬁi@w&m@ogﬁnézaz)f@ﬁmwﬂﬁcﬂ2@ﬁns an integer from10 to
15; the follow ng general formula (203) [Chemn ca
[Chefpeall Go2huBaR3]"F2CC /NH SO2 . . . . . . . (203) 17
in which ois an integer from2 to 3; and the

follﬁgF ﬁ general formula (204), [Chemical fFo2~rmula
4 ~CF PP . . . . . . (204) in which

T‘@ﬂr from2 to 3; Rf is an al kyl group
partl {%%or entirely substituted with fluorine atons,

or ma subst i trut ed" wi t h2 ®y4ly oxyl group, al koxy

group, carboxyl group and am no group, are
in whpekferabl en Astagklrugresarben GONRIUNG HEPRASEN eF dup

t he general
partially or entirely substituted with fluorine atoms, or may
be substituted with hydroxyl group, alkoxy group, carboxyl
group and aminc group, are preferable.

As a fluorocarbon compound represented by the general

- formula (201), specifically, the fluorocarbon compound
represénted by fellowing chemical formula (205)

(C4Fs302) 2NH (205)
or the following chemical formula (206)

(C3F7S02) 2NH {206)
is preferable.

And, as a fluorocarbon compound represented by the
general formula (202), specifically, the fluorocarbon compound
represented by the following chemical formula (207) is
preferable.

C10F2:COOH (207)

As a fluorocarbon compound represented by the general
formula (203}, specifically the fluorocarbon compound
represented by the following chemical formula (208) is

preferred.

[Chemical formula 4]




formula (201), specifically, the fluorocarbon conpound
represented by follow ng chem cal fornula (205)
(CAF9S2) 2NH (205) or the’ follow ng chem cal formula
(206) (C3F7SQ2) 2NH (206) is preferable. And, as a
fl uorocarbon conpound represented by the genera
formul eF(268), specifically, the fluorocarbon conpound
repreéented\b the followi ng chemical fornmula (207) is
pr ef&r abl e. WF21CO0H (207) As a fl uorocarbon
.conpo g,Lg resented by, :?g eraI formula (203),
speC|f|caIIy the fi uorocarbon conpound represented by
the followi ng chenmical fornula (208) is _preferred.
[ Bedi éélﬂOﬁf@pﬁﬁPQD4FOTBOUPéFEEBf€F?nFﬂH eypfgepgeneral
(208) As a fluorocarbon conmpound represented
formuy (R 4genePaic fiermiiva theo £) uogmeE icaldorRayad
fl uorocarbon conmpound represented by the follow ng
repregikafiedalbyf ¢hyeulfe ll200nd shepriskdr degmyleheidPdl 1s

formula 5] CF2-CF2 /N CF2- i F2-COON
preferred.

[Chemical formula 51

/CFg—CFz
o N——CF;—CFy—COOH
N /
CF,—CF,
CF2 --.-0(209)

Since the protective film of the present invention is
water-insoluble and highly resistant to other immersion liquid,
it is applicable to the resist films of every possible
composition including resist films with lower resistance to
the immersion liquid. Therefore, as a resist film material of
the present invention, any of the known resists including the
commonly used positive type photoresist and negative type
photoresist can be used. Actual examples of these resists are
shown below.

First of all, the resin components used for the positive
type photoresist include fluorinated resin, acrylic resin,
cycloolefin resin, and silsesquioxane resin.

As a fluorine-containing resin, the polymer (A) composed
of an alkali-soluble constitutional unit (a0-1) containing an.
alicyclic group having both of (i): a fluorine atom or

fluorinated aikyl group and (ii){ an alcoholic hydroiyl group




CF2-CF2 CF2 , . . . . (209) Since the protective film
of the present invention is water-insoluble and
highly resistant to other 19mersion liquid, it is
applicable to the resist filns of every possible
conposition including resist filnms with | ower
or alkgdpstyageceubo ihhehiimherdiked iHsguiuthi ITher ehemgesadva acid
resist filmmterial of the present invention, any of
actiohheéskpaeetieredilets i ncl uding the conmonly used
positive type photoresist and negative type
phbtoaésishenanohedusadasAct tall kexarpbeabafl ithestanges by
resists are shown below. First of all, the resin
acid eempeneninsausedhbar thide ppagireirvehahyee pROteresiistht -
include fluorinated resin, acrylic resin, cycloolefin
exposk@SkAteandilséh SEBGUADXADE-583LPi1f6yaincreases at the
fluorine-containing resin, the polyner (A) conposed
1lghtoéxpasaak@hte$0kuelq1@9ﬁ3b&b@%@@n@ht@nb@d&%@é)alkall-
- containing an alicyclic group having both of (i): a

solubfbUgbi RRa8t @RLOLo1fder iRt 8d alskyl agr %Uﬁo%'ld;l(v'é )eyRN
al cohol i ¢ hydroxyl "group - ------ -----

reSLS€|EXHBXYWEEQprh@nWQh%h @k%@ﬁ'S%QE%Q&E%QVd@@¥§§§é§nét the

aC| action is preferable. The aforenentioned phrase,
llght ékbagledsgwgl by Ghanges By s-acisd taCh me@e%rﬁ{ flal
he polyner changes in the fight- expose Site.

1nsolﬁgfeagga£hF§Ong'E'E?gﬁ LEASER ﬁ% Bh '%@5a%ﬁR%$%g@m

site, the ht - expo site becormes alkal
0 t the polyner can be used as a positive type
reSlsﬁegﬁgﬁ'fi|n1 whi | e when the al kali-solubility

dfﬁéegfﬁglflséfgble constitutional unit (a0-1) containing
~an alicyclic group having both of (i): a fluorine atom or a
fluorinated alkyl group and (ii): an alcoholic hydroxyl group
or alkyloxy group, may be any one provided that the organic

. group having both (i} and (ii) bonds to the alicyclic group,
which is contained in the constitutional unit.

The alicyclic group is exemplified by a group, in which
one hydrogen atom or a plurality of hydrogen atoms have been
removed from monocyclic hydreccarbon or polycyclic hydrocarbon
including cyclopentane, cyclohexane, bicycloalkane,
tricycloalkane, tetracycloalkane. More specifically, the
polycyeclic hydrocarbon is exemplified by a group in which one
hydrogen atom or a plurality of hydrogen atoms have been
removed from a polycycloalkane including adamantane,
norbornane, isobornane, tricyclodecane, and tetracyclododecane.

Amcng these poiycycloalkanes, a gfoup derived by remoﬁing one



I'i ght-exposed site, the |light-exposed site becones
al kali- insoluble so thatné&e pol yner can be used as a
negative type resist fil The al kal i -sol ubl e
constitutional unit (a0 1) containing an alicyclic
group havi ng both of_&i): a fluorine atomor a
hydrogegopitrBt 8 & RYMIgldby &fdhyorpPaesn a&eEeh e
hydroxyl group or al kyloxy group, nay be any one
cyclopesipaed ChatlohsEaprgas S0r§PEugIKayilfg PEGLFEPcad@r
(ii) bonds to the alicyclic group, which is contained
indusitgigfeus@nstituti onal unit. The alicyclic group is
exenplified by a group, in which _one hydrogen atom or
aTpeupdbireyentinpgrdoden atensxpapéibéed brefpdedorigm atom
nonocycl i ¢ hydrocarbon or polycyclic hydrocarbon
and ai goougi ng eydlchpenmener elél olexaseodsic pdloss kave been
tricycl oal kane, tetracycl oal kane. Mre specifically,
substtihet epokwy¢yc filocnyidieo eduoben iins aeXemgln faildd lbywraugr-oup
in which one hydrogen atomor a plurality of hydrogen
Specidtiame xhapé else dm c ek we d rfifdmoa opeloyhpyic lgoaitkane
i ncl udi ng adanant ane, nor bornane, isobornane,
pentatfliueyckatedaneouand at éepacydluadogecays. grAngng ariese
pol ycycl oal kanes, a group derived by renoving one 20

nonafhydregen yat amop,a apldukalfiliy rdhehwdregemdatomst dmed is a
cycl opent ane, cycl ohexane or norbornane, is preferable

triflleromeRtydt hrdupusee the fafreareftriconesh (lindwterial point
exenplified by a fluorine atom and a group in which

of vigeire or all of hydrogen atons have been substituted
with fluorine atons in a | ower al kyl group. Specific

exagphes refehidenddt riifiluaagmehyl hgdewy1a group alone, or
may be an alkyloxy group containing a hydroxyl group; an
alkyloxy group containing an alcoholic hydroxyl group such as
an alkyloxyalkyl group and alkyl group; an alkyloxyalkyl group
containing an alcoholic hydroxyl group, and an alkyl group
containing an alcoholic hydroxyl group. The alkyloxy group,
the alkyloxyalkyl group, and the alkyl group are exemplified
by a lower alkyloxy group, a lower alkyloxy-lower alkyl group
and a lower alkyl group, respectively.

The lower alkyloxy group is specifically exemplified by a
methyloxy group, an ethyloxy group, a propyloxy group and a
. butyloxy group; the lower alkyloxy—lower alkyl group is
| specifically exemplified by a methyloxymethyl group, an
ethyloxymethyl group, a propyloxymethyl group, and a
butyloxymethyl group, and the lower alkyl group is

specifically exemplified Ey a methyl group, an ethyl group, a



pent af | uor oet hyl group, a heptafl uoropropyl group, and
a nonafluorobutyl group, and a fluorine atom and
preferred is a trifluorondthyl group are preferable
froman industrial point of view The aforenentioned
(ii) may be a hydroxyl group alone, or may be an
propydl kydospy @noup dorttydi ginggira hydroxyl group; an
al kyl oxy group contai ning an al coholic hydroxyl group
sbtheasatamedlyky tbry all kyll ogryo g oamd cainkpli ngmou@n a&lcoholic
al kyl oxyal kyl group containing an al coholic hydroxyl
hydrogrydugroaupd dmealakdykly lgpad. kydomfranuy rgpretmialicehaln ¢
hydr oxyl group. The al kyl oxy group, the al kyl oxyal kyl
alcohgfldup hvamdxtfie galokyl ogr diye arle:yax emaiud icecht diyniand caner
al kyl oxy group, a |ower al kyl oxy-1ower al kyl group
alcohaid ca hivalwetx val kgytougr dwp t Hee sFeatdmegiti.onBie {iovWerincludes
al kyl oxy group is specifically exenplified by a

an alkelipghoxyo@ibQuRn an kellydyeXyar (du RIFPEOX3L g 0Uroup,
and a butyl oxy group; the | ower al kyl oxy-Iower alkyl

in wh@t@URome ospedilf ogalhy exemdddn eddis aave been
nmet hyl oxynet hyl group, an ethyl oxynethyl group, a

substREORYHOXY B BY h oG QP o tRE e M iHOINEL hYkcGbUPl e
and the lower alkyl group is specifically exenplified

exampl¥sa iRl GhOWRKyAB S Riflou QU A rdhy RIPRYcH AU
and a butyl group. "Altérnatively, the af&yloxy group

hydro%?‘fﬂt 3-89 an ahgoheki e 1 MAr@elo Yk dify an alcoholic
al kyl"oxyal kyl group contai ni ng a# al cohol I ¢ hydr oxyl

myazof 308 ehot 510l A cgste oA m el
hydrog?gﬁEQéﬁpgrQprhﬁghag%¥Eo%%a%mg H%H%H&eﬁﬂg{éﬁéfﬂige been
substituted with the fluorine atoms, namely, a fluorcalkyloxy
group containing an alcoholic hydroxyl group, a
fluoroalkyloxyalkyl group contéining an alcocholic hydroxyl
group, or a flucrcalkyl group containing an alcoholic hydroxyl
group.

The fluorcalkyloxy group containing an alcoholic hydroxyl
group is exemplified by a (HO)C(CF3),CH,O—-group (2-
bis (hexafluoromethyl)-2-hydroxy-ethyloxy group), a
{HO) C(CF3) 2CH2CH0~group (3-bis(hexafluoromethyl)-3-hydroxy-
propyloxy group). The fluoroalkyloxyalkyl group containing an
alcoholic hydroxyl group is exemplified by a (HO)C(CFs)CH,O-
CHz—group, {(HO)C(CF3}2CH;CH0~CHs—-group, and the like. The
fluoroalkyl group containing an alcoholic hydroxyl group is
exemplified by a (HO)C(CF3)2CHz-group (2-bis(hexafluoromethyl)-

2—hydr6xy—ethyl group), a (HO)C(CFQ2CHﬂ}h—groﬁp (3-



in which sone or all of the hydrogen atons have been
substituted with fluorine atons respectively. :
Preferable exanples i ncl ule an al kyl oxy group
contai ning an al coholic hydroxyl group, an
al kyl oxyal kyl group containing an al coholic hydroxyl
bis (hg%@@@,uoa@@eé;ﬁygnm—hg’ldé@g%mym 95 O ) al @dKkbithe Like.
hydroxyl group, in which sone of the hydrogen atons '
hakesbeenoupgbdni theed fpireRenihaonedoriine aatortd 1) may be
nanmely, a fluoroal kyl oxy group containing an _
direcdllyobenidechydr ¢l q$Qi9§lL@ha¢H@o@@mW@ylogyapﬁytlgﬂéaﬁr
cont ai ni ng an al coholic hydroxyl group, or a
the uhligor(@®Ry| igr pmefegntdivniangirdit glepalesiand ady droxile
group. The fluoroal kyl oxy group containing an
generallc dhatiud ahy(@eox o rmgdo by iboreXevgpla filew dpp lkyloxy group
(HO) C( CF3) 2CH20- group ( 2-
contalingd plye xaf lalaobritilky hy-d2-dxaydr axyugt, hyd dlyogroeudylexyalkyl
(HO C (CF3) 2CH2CH20- group
group( Sobits(imexal lamo mdrehiyl e rvhirdsgly g rrrgpylcoxye grloupealkyl
The fl uoroal kyl oxyal kyl group containing an alcoholic
groupghydn®adinigiowm iad cereitrld fHyettday la rdOpC(teF3) 22 & rnane
CH2- group, (HO C(CF3)2CH2CH20O CH2- group, and the Iike.
ring The whilchoreal kpulgrotprepnisaidlidigreat) aierlwlitc has due to
hydroxyl group is exenplified by a
superild®) CrGnd)pd@d2regr, 0 ad-ibiss{1hexafiltugr okt Md9istance to
2- hydroxy-ethyl group), a (HO C(CF3)2CH2CH2-group (3
dry e%2hikis(hexafdiuer aretiHus3-iydroxeRriapy la v oWy ie and
the li'’ke. These groups in the aforenentioned (i) and
[Chefibh1MY B8 1adighect |y bonded to the cycloaliphatic
group. In particular, the unit (a0l) is preferably a
uni.t represented by the general fornula (56) forned
by bondi ng | uor oal Kyt oxy group

Z
~
(CH2)y

Cm'FZm'+ Cm'FZm'-l-‘l -
OH (56)

In the general formula (56), Z is an oxygen atom, an
oxymethylene group (-O{(CHz)-), or a single bond; and n’ and m’
are independently any integer from 1 to 5.

Any of the polymer units used in combination with the
unit {a0-1) may be known. When the polymer (A~1) in which the
alkali—solubility increases by a positive type acid action, is

used, the constitultional unit (a0-2), which is derived from



cont ai ni ng an al coholic hydroxyl group, a
fl uoroal kyl oxyal kyl group contai ning an al coholic
hydroxyl group, or a fluordal kyl group containing an
al coholic hydroxyl group to a norbornane ring in
whi ch the double bond is cleaved, since it has due to
(methgapavilor Brandspatencyondbkalingsel diviowint yciahdlissociable,
resistance to dry etching, and also is industrially
- dissodesdihy iakdblisbhg. grpGpeenicalpredemabd e6pecGi®en'of its
CrF2m + Cr F2m +1 OH (56) In the general fornula
super(ib6) reBoilyiag ekydeémyat om an oxynet hyl ene group
(-O(CH2)-), or a single bond; and n" and m are
| Bdependsnitytanygailntiager (0ot 1iholhdeAny obnthétutional
pol ynmer units used in conmbination with the unit
unit @a@ikpdmiayobe ak newn -aNken ekhe rpolfy ek thAablr ili ovdicdll such
the alkali-solubility increases by a positive type
as teaciduagli aBrhasryised, ahbe teenshiAt mendla diiillatEeal- 2) ,
which is derived from23 (nmeth)acrylic acid ester
cAbtarnadgvalknovneagbdyrlessqpl ahhke, bedbs?@ﬁlﬁnieQn (A-2),
inhibiting group, is preferable because of its
whichs@pether £68ekYnBJaabilickYnathe eanstlichel icomalc it onal
(a0-2) includes a constitutional unit derived froma

unit (8ot3al kyl eapebval tiaBERhehh GnaCiithSWehRe @%e alkali-
tert-butyl nethacrylate and tert-amyl methacryl ate.

solub@h&%%nﬁkiMEEMaaE@@oRQ'yﬂFriﬁéiu&BMgb€h§sDEQMEEBf(ﬁ“2),
whi ch further contains a fluorinatéed al kyl ene

const¢PRBELLYET QRak (YALE)(aRnd) tLAnPRLRYE  FARSRY 81 her
and i ncrease the alkali -
improved. The constitutional unit (a0-3) is preferably any one
of the units derived from tetrafluorcethylene.
The general formulas (7} and (8) illustrating the pclymer

(A-1) and the polymer (A-2}, respectively are shown below.

[Chemical formula 7]

e

C—=

O

R4 (57)

In the general formula (57), Z, n’ and m’ are the same as
those defined in the general formula (56}, R® is a hydrogen

atom or a methyl group, and R? is an acid dissociable,



solubility by acid action. By including this type of
constitutional unit (a0-3),,the transparency may be
further inproved. The congtitutional unit (a0-3) is
preferably any one of the units derived from
tetrafl uoraqet hyl ene. The general formulas (7) and (8)
dissolpcdery dNPAGHESLPMEr (A-1) and the pol yner (A-2),
respectively are shown below. [Chenical fornula 7]
[Chepgralifioppuga 8l + O (CH2)n' R4 (5 7) Om F2m +
CrMF2m +1 OH In the general fornmula (57), Z, n' and
m are the sane as those defined |R3the gener al

formyl a (56) 3 is a hydr ato a nethy
group, 3 ¢~ i/s an acid d%?ﬁ C|a 24 di sso Fboan
I nhi bi up. [Chenlc ] R3 F2 "}‘

- ~C-
R
Z. O
(CHz)q
R4
Cm'Fzm'-l- l Cm'Fzm'-H
(58)
OH

In the general formula (58), Z, n’, m’, R® and R! are the
same as those defined in the general formula (57}).

The polymers (A-1) and (A-2) contain the unit represented
by the general formula (56); however, they have different
constitutional formulas. These polymers may be those having
any of the following constitutional units, which include an
alkali-soluble constitutional unit {a0-1) containing both of
the aforementioned (i) and (ii), and which is included in the
concept of the polymer in which alkali-solubility changes by
acid action.

Namely, in this type of constitutiocnal unit (al0-1), the
aforementioned (i) and {ii) are respectively bonded to the
cycloaliphatic group, which constitutes a main chain. The
aforeméntioned (i) include the same as those described above.
The aforementioned (ii) is a hydroxyl group alone.

The polymer (A} having this type of unit is formed by

cyclopolymérizing a diene compound having a hydroiyl group and




+i=0+ Z0O0 ~(CH2)n" R4 CmF2m + Cm F2m +I (5 8)
CH In the general formula 558), Z, n, mM, R3 and R4
are the same as those def#hed in the general fornula
(57). The polyners (A-1) and (A-2) contain the unit
represented by the general fornula (56); however,

a flupfapehatendi f Tee edieneonsrpounidonal pfofaukhsy Fhpsadiene,
pol ymers nay be those having any of the follow ng
whichcgratist tbi dram anped ymali dhviingl ade —awmbaireal ir-igw ¢yl &-
constitutional unit (a0 1) containing both of the
membegfdr gregt woned hiigheand rgnisparand ywainch ries listeingged d mry

the concept of the polyner in which alkali-solubility
etchiobangbsdibytragl by acai polyhanefyrmed bhi sytyppodfmerizing
constitutional unit (a0-1), the aforenentioned (i)
1,1, 2aRd3¢pentaféupespdetiri €lly chomgeth ytle d-hedroxy-1, 6-
cycl oal i phatic group, which constitutes a nmain chain.
heptadheneaf{oFea®ent i anetd( i(OH) athodeCh)le SampHs phoserable.
descri bed above. The aforenentioned (ii) is a
hydenxyhegpoupmalone-3Theipokyeh &Akahavibgubhils tiype
of unit is fornmed by cyclopolynerizing a diene

increagBpouRdpbaytigeathpdr axyild aceupnand s2ased,f laUQydiRfer
atom The diene conpound is preferably heptadi ene,

conta%?ﬁ%@ hepdastothenhalpehyerabaviyng ia Yhavmber ed drdign
atom of the alcoholic hydroxyl group has been substituted with
the acid disscciable, dissclution inhibiting group, is
preferable. The acid dissociable, dissolution inhibiting group
is preferably a linear, branched, or cyclic alkyloxymethyl
group with 1 to 15 carbon atoms in terms of acid dissociation
and in particular, the lower alkoxymethyl group such as the
methoxymethyl group is preferable because of higher resolving
ability and superior pattern configuraticon. It should be noted
that the amount of the acid dissociable, dissolution
inhibiting group is preferably within the range from 10 to 40%
and more preferably from 15 to 30% relative to the total
hydroxyl groups to achieve a superior patter forming ability.
The general formula (59) illustrating the polymer (A-3)

is shown below.

[Chemical formula 9]



menbered ring with higher transparency and resistance
to dry etching. Industriaﬁéy, a pol ynmer forned by
cycl opol ymeri zi ng

1,1, 2,3,3-pentafl uoro-4-trifluoronethyl-4-hydroxy-1, 6-
heptadlene (CF2= CFCFZC(CFS) (OH) CH2CH=CH2) i s nost

pr ef ¢e FV% ol yngr (A— F2|nth|Eh H \
n?

al kaly - reases by o&tl e type/‘amjd
action,F used contw|p

constit ugi (aO 4) in which a\h& geﬁ at om

of the alco '\g hydroxyl group has bee ubstituted

with thggacid goci abl e, dissolu Foﬁpr ektlng (59)
gr oup, |s prefe le. The acid dlssoélable

di ssolution inhibiting group is preferably a |inear,
bﬁanéhédgeﬁﬁré}cﬁpém&&@ I(5Ry meRAyLS @rbYUdr@dpen atew g5 an

carbon atons in terns of acid dissociation and in
alkylpayrieddivdr 9Tome - Wawsy lalteoxXymeaongedgsissucichss @il v
met hoxynmet hyl group is preferable because of higher
‘are lledol ViOngoldbi Irietspeartd vedpyeri or pattern configurati on.
It should be noted that the amount of the acid
dfssecicabke ofditbsobuilivoer i(Ahi biyi g gyodpesszed by way of
preferably within the range from 10 to 40% and nore
a knoprefrertiipldy f Then #8igbt38%erebet meéetolaleweophlt of the
hydr oxyl groups to achieve a superior patter form ng
resinahifl ithy chimeogemer al2)f dramdda b Po lidtustearat isigandeerd by
polymer (A-3) is shown below. [Chemical fornula 9] 26
way of2 @BHi2 not+tR ihikdd® td~ sted@alt vdl-uesChut F2CpreHrably
F2C~ CH2
any in the range from 5000 to 80000 and more preferably in the
range from 8000 to 50000.

The polymer (A) may be composed of one type of resin or
two or more of resins, for example, a mixture of two or more
resins selected from the aforementiocned (A-1), (A-2), and (A-
3), and may further contain another conventionally known resin
used for the photoresist compositions.

The acrylic resin is preferably a resin which has for
example, the constitutional unit (al) derived from
(meth)acrylic acid ester containing the acid dissociable,
dissolution inhibiting group and a constitutional unit derived
.from any (meth)acrylic acid ester other than that of the
constitutional unit (al) at 80 mol% or more, preferably %0
mel% or more (100 mol% is the most preferable) in these

constitutional units.

The resin component is composed of a combination of a




CC CF3\OR5S CF3 OR5 (5 9) In the general fornmula
(59), RS is a hydrogen atom or an al kyl oxynet hyl group
with 1 to 15 carbon atons;2%and x and y are 10 to 90
nol % respectively. This type of the polymer (A my
be synthesized by way of a known nethod. The
plurajditghefavengge munadsl ar theidgittegfenthdunadgiomsofotiiee than
conmponent (A) based on pol ystyrene standard by way of
the ugkt i(glnet fomiexadrile  specoab ivalties oft donspridfudrisiyial
any in the range from 5000 to 80000 and nore
unitsplapgeabbyglion tive satdsdy hrigine800@ stod.vS0Q0ELITHeE Y,
pol ymer (A) may be conposed of one type of resin or
resistwocer teodegyokticesings, ahior feéxanmplad,t earnmiodnfiiegyuofa ttiwen .
or nore resins selected fromthe aforenentioned
(Wad&]lv( AR, randn( AemByisandamapmbintiieoncorft ai n
anot her conventionally known resin used for the
constphotavesilstundenpaeirt veds £ réhe aadenglting aesilid scid ester
preferably a resin which has for exanple, the
havingofstitbubi andl surnire fealrpdden wed uhriam (aCretdy) acyl,i c
acid ester containing the acid dissociabl e,
hereiflhgsekyti ebnisnhi-hitibRAg 19L04R sadé rd veenFrichutal onal uni t
derived fromany (neth)acrylic acid ester other than
(methy Batyofict Reidcerskirt UbivaRal atniall oRlo)]l idl KA HXI0 Qfroup-
nore, preferably 90 nol%or nore (100 nol % is the

contaBshgPhefietabhe): gRoibeseereensld il i:@nalniwni =) Hie (a3),
resin conmponent is conposed of a conbination of a 27

hereiRh@takhtya gl PBRAMBE JWALLS 1WA t& Tderent NGt iNS cyclic
ot her than

group that differs from any of the acid dissocciable,

dissolution inhibiting groups of the unit (al), the lactone

unit of the unit (a2) and the alcocholic hydroxyl group-

containing polycyclic group of the unit (a3) (referred to as

unit (ad) or (ad4), hereinafter).

These (a2), (a3), and/or (a4) units may be appropriately
combined dépending on the regquired characteristics or the like.
The resin component preferably contains the unit {(al) and at
least one unit selected from the units (a2}, (a3) and (a4) to
improve resolving ability and resist pattern cbnfiguration.

With respect to each of the units (al) to (a4), a plurality of
different units may be used in combination.

It is preferable that the constitutional unit derived
from methacrylic acid ester and the constitutional unit
derived from acrylic acid ester are used so that the

constitutional unit derived from methacrylic acid ester is 10




the unit (al), for exanple, a conbination of
constitutional wunits |ist bel ow to satisfy higher
resolving ability, resistance to dry etching, and
fine pattern configuration. hbnely, the resin

conprises a co f nstitutional units
to 854&0ihad prf@éﬁf&%?ﬁ) &6r fﬁ  Bodd @k e R Uﬂﬁgtutlonal
| actone units (referred to as unlt (a2) or
unit ﬁ@rré.Vﬁéif O acNadict Goh &S TG S s .t\?ec?of
neth)acryllc acid ester having an alcohalic hydrox
prefegadly. 2orkai®li My LFolmpdpdiiive &Po&ﬁle( &l 8P t% s
unit (a3) or (a3 herei nafter); and constitutiona
CO’ﬂStl}ﬁlUttéOé@ﬂH Aftviitn lex ey dyer @et&a&fpﬂt%ta%df e 2o
any of the acid dissociable, dissolution inhibiting
the cgneigsusontd wrilt Camivechd Hoat ey Ligniacist ast@timi t
(a2) and the al coholic hydroxyl group- containi ng
pBhgcypébirengnsdpnet thétgnilelfadP ((edfepred degcaggbed in
unit (a4) or (a4), hereinafter). These SaZ) (a3),
detaidnd/ or Tha) (ahit snihyibeaapphspitatebpalconbindgrived from
depending on the required characteristics or the Iike.
{(methThenyddion acdmhesdstr peofiacaiihe conithidis sdwa amig, (al)
and at |east one unit selected fromthe units (a2),
dissofad)i cand nftdd)i ttimg igmprugvue Thsel veicng dbiskbtyabié, resi st
pattern configuration. Wth respect to each of the
dissolnittisn( dnhitd tiad) graug umalttey wfit diflflerientnamits
may be used in conmbination. It is preferable that the
- partieensitdlitutiieialedd fder iased t flracmaietdiaicrsyd Jiud ialci tdy
ester and the constitutional unit derived from
inhibderyld Graqgiia esitgichai kesed 80 dritdird heesin component
constitutional unit derived fromnmethacrylic acid
alkal@stiefsdis:bl@ 2¥-ior to exposure and dissociates by the

generated acid action after exposure to altef the entire resin
components to become alkali-soluble. Generally, a group
forming a-cyclic or linear tertiary alkyl ester with the
carboxyl group of (meth)acrylic acid, a tertiary
alkoxycarbonyl group or linear alkoxyalkyl group is widely
knowr.

For example, the acid dissociable, dissolution inhibiting
group containing an aliphatic polycyclic group is preferably
used for the acid dissociable, dissolution inhibiting group as
the unit (al). Examples of the polycyclic groups include
groups obtained by eliminating one hydrogen atom from a
bicycloalkane, a tricycloalkane, a tetracycloalkane and such
which may be unsubstituted or substituted with a fluorine atom

or a fluoroalkyi group.




to 85 nmol % preferably 20 to 80 nol % and the
constitutional wunit derived fromacrylic acid ester
is 15 to 90 nmol % preferaBfy 20 to 80 nol %rel ative
to the total nol % of the constitutional unit derived
fromnethacrylic acid ester and the constitutiona
Specidiicelder i vée focdmaaerlylaldkaae dresteles Bimmantane,
af orenentioned units (al) to (a4) are described in
norbodetaiel,. iEvdoalaneynitr licy cd cclersirid, utareh ade tuni dy derdaveth e,
from (nmeth)acrylic acid ester having the acid
from dhdistcicakl &ydredigesolatttono ihasnhicsint irghogreallp. Sthhsaaci d
di ssoci abl e, dissolution inhibiting group in the unit
polyclalllici grogp dpay bieC wparidop diianietlgd s2a dateAF idm hasy
al kali-solubility inhibiting ability which nmakes the
groupénpirb@okesi FoeompeneRlsisal. Kahinohgsehebkegpbiipk,t @he
exposure and di ssoci ates by the generated acid action
adamadtier gexpesune e raklieyridhe , eRtnd & dtasidyc 1IGRIRRReH S

to becone al kali-soluble. CGenerally, a group formng

groupaa@éC|ih@1u@"tr'ﬂa&§?'r @Fflr@ity 2l Kyl ester with the
car boxyl group o nmeth)acrylic acid, a tertiary

apkex¥¢aEROARhoHERUANK 5! irReal sal KaXy¥alkyihh i3 qWR )i Sire
wi dely known. For exanple, the acid dissociable,

showndbﬁsghgtﬁgﬁlb%ﬁh%!b%ﬁ%ragrQ%&n&ﬁ%%auﬁhngjfgbdﬁﬂ pfatic1y
pol'ycyclic group’is preferably used for the acid

the g%%%?ggi%ggﬁgﬁg%s%?hUEBOQ7HUh@b&%i s%h&ﬂpjﬁquéﬂgbéHﬂétom

es of 'the polycyclicC groups in

or  SE533 BRLRLDCS, b Lnet 43, 905: PG AeT. ¢ o =

_ atricyc oal_ane, cyc ane

indepgﬂgﬁﬁlﬂ&‘p r\égl_r%@e%y ab%_o%%u%ﬁtkl tlug;%%l.ﬁ%r, %yb§glpgf%tsggts a

wth a fluerine atom ~or a frudroal Kyl 'gréup.
tertiary alkyl group, Rs represents a methyl group, and Rg
represents a lower alkyl group. The aforementioned R; to Rj
and Rg are preferably linear or branched lower alkyl groups
having 1 to 5 carbon atoms, and exemplified by a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a tert-butyl group, a pentyl group,
an isopentyl group, and a neopentyl group. A methyl group
or an ethyl group is preferable for industrial use. Rq
is a tertiary alkyl group such as a tert-butyl group or a

tert-amyl group and a tert-butyl group is preferable for

industrial use.



29 Specifically, the polycycloalkane i ncl udes
adamant ane, nor bor nane, ﬁfbornane, tricycl odecane,
and tetracycl odecane, frofifwhich one hydrogen atom
has been renpbved. Such a polycyclic group can be
approprlately sel ected frommany groups proposed for

[ChemiratedpsiulanBfd t hese groups, the adamantyl group,

nor bornyl group, and tetracycl ododecanyl group are
industrially ﬁreferable Preferr nonomer units fqi
use as the upit (al) are shown Oy the follow ng

gen Ias (1) thyough )\ In- the

for to (7), Rﬁéque§ a hydro or
a net hyl , Rl .représentsja/ ower alk R2
and R3 i ndently represefit=& | ower alkyl S
R4 represgnts a tertiary al kil group, R5 repregents a

met hyl greup, and R6 represents a Iomer al kyl @r oup.
The mforerentioned Rl to R3

i near ;

car bon at
ethyl gro
n- but yl
a pentyl
group. A nethy g{oup
for industrial u 8 Fiary al kyl
as a tert-butyl group or/a /- anyl group aad_h
tert-butyl group is preferablé f?ﬁ) i ndustrial upe. 30

[ Cneni cal forrryl a 10] RRR COOR,
. (3)
S
o . -
7 Re.
H3aC——C——CHj

CH37 H
» 4) 5)



OO0 OO0 R RZR3 | Z9 (2) COOR4 (3) RROO
R5. O HIC-C CH3 H3H (4) (5 . 31 [Chemcal
formula 11] RR OO ORG3D CHZ H (6) (7) As the
unit (al) anong those cited above, the constitutional
- units represented by the general formulas (1), (2),
[Chemnda(3Yoamelpadflicul arly preferred to formpatterns
with high transparency, hi gher resol vi ng ability, and

superi or <i
=¢
o R o
| _GH, . O
H
(6) )

As the unit (al) among those cited above, the
constitutional units represented by the general formulas (1),
(2), and (3) are particularly preferred to form patterns with
high transparency, higher resolving ability, and superior
resistance to dry etching.

The (a2) unit, which has a lactone unit, is useful for
improving hydrophilicity to the developer solution. Any of
units which have the lactone unit and can be copolymerized
with any other constitutional unit of the resin component may
be used for the unit (a2). For example, the monocyclic lactone
unit includes a group in which one hydrogen atom has been
removed from y-butyrolactone. The polycyclic lactone unit
includes a group in which one hydrogen atom has been removed
from polycycloalkane contaihing lactone.

Monomer units represented by the general formulas (10) to
(12) shown below are preferred as {(a2). .In these general

formulas, R is a hydrogen atom or a methyl group.



resistance to dry etching. The (a2) unit, which has a
| actone unit, is useful for_. inproving hydrophilicity
to the devel oper solution.3%my of units which have
the lactone unit and can be copolynerized wth any
ot her constitutional unit of the resin conponent nmay
[ChepacadedotBrlehd2dnit (a2) . For exanple, the
nonocyclic |actone wunit includes a group in which one
hydr ogen at om has been_ renoved from y-butyrol actone.
The pol ycyclic |acton Runi t i ncludes a group in which
one hydrogen atom h been renoved from
pol ycycl oal itni ng | actone. Monomer units
represented b he |general fornulas (10) to . (12)
shown bel ow are pr @ed as (a2) In these genera
formulas, Ris a hydrogen atomor a nethyl group. 32
[Chemical formula 2] R O O0q 0 (100 RR OO Op O
(12) O (11) A (mgth)acrylic acid y-butyrol actone
ester having an

o (10)

A
P

(12)

0
(11) -

A (meth)acrylic acid y-butyrolactone ester having an
ester linkage at the a-carbon represented by the general
formula {12) above and a (meth)acrylic acid norbornane lactone
ester represented by the general formuia {10) or (1i) are
especially preferred since they are easily commercially

available.



ester linkage at the a-carbon represented by the
general formula (12) above and a (neth)acrylic acid
nor bornane | actone ester $®presented by the genera
formula (10) or (11) are especially preferred since
they are easily commercially available. 33 The unit
(&B¥ iwnzt comstitsita opahsunttt denaVednit oderived from
(meth)acrylic acid ester having a pol ycyclic group
(meth¢entrgiliicng cian ealteah tlavd nky dr oty oyrcdidg. gHeaichydmmayiining
group in the polycyclic group containing the
an alabtiohdki avhydxelykbrgupup Teeahygebayiggedppand the
therefore, the use of this hydroxyl group inproves
polycibé ibydrophi kicaitty ndhgt hecentlidodoldsl hyeompaierirduap is a
t he devel oper sol ution, enhancing the
polarabkabb- sabubhkirkYoak,t ke hisghtofexpased ysirtoyl group
Accordingly, it is preferable that the resin
impro@@@p@n@nhgdhapﬁiuﬁ@iﬁﬁibf(&%k,ewmﬁqa IHRAQV @S mponent to
resolving ability. The polycyclic group in the unit
the deddlopBy belseheatednnbhenmighe nean® klliiPhatindkility at the
pol ycyclic groups as those exenplified in the
lightdesghkRhi QRtaf tﬂ@c@fainéﬁy? 2pd; HSEde rARYHYEOHRaFBY he
be used with no particular limtation for the

resinPBL¥EYEERESIRAYR €At anRing sEhe ahGenolike, ANYOXMs01ving
group in the unit (a3) and, for exanple, an adamantyl

1 L AL0 . | ]
abil1i8§0UPrn %ﬂ@yaﬂlguggﬁggxyh graup, 9F ths) fn??gir}%ﬁggﬁected

pr ef erably used. nore, this adamanty

t aLhi : . f bl Iy
from £HA Qbﬂbngé%g@ﬁ?%gxéé%gpgﬁﬁﬁgLﬁﬁﬁgﬁ i%% g SQQQS%T%wgllfled

represente _ _ wn

in thg'H&Ec&%PEﬁénangEkgchnRE H%Hgo%p%?u%%%.res'Sta”PG to
ry etchrng and the squareness o he Cross-secti ona

cRBY! GYORLT R0y Ohe ! N8CRLL RN ol Bl DS AS0S Finli LML for
the polycyclic group containing the alcoholic hydroxyl group
in the unit {(a3) and, for example, an adamantyl group
containing a hydroxyl group or the like may be preferably used.
Furthermore, this adamantyl group containing a hydroxyl group
is preferably one represented by the general formula (13)
shown below since it has an effect of improving the resistance
to dry etching and the sgquareness of the cross-sectional

configuration of the pattern. In the general formula (13), 1

is an integer from 1 to 3.



is an integer from1l to 3. 34 [Chemcal fornula 13]
OH), (13) Any unit which Egs t he pol ycyclic group
contai ning the alcoholic Hiydroxyl group as descri bed
above and may copolynerize with any other
constitutional unit of the resin conponent may be
[Chepidea lf dpriHéaunit (a3) Specifically, constitutiona
units represented by the general forrmula (14) shown
bel ow arge preferred. In the general formula (14), R
represents a hydrogen atom or a nethyl group.
[ Chem cal for R 14 R O OOCH (14) In the unit
S ycyclic group "different from the acid
di ssol ution inhibiting group, the
and the polycyclic group containing
droxyl group"” neans that the polycyclic
pe\unit- 35 (a4) in the resin conponent
over |l apS none of the polycyclic groups containing the
aci d dissoci abl e, d§{1gjolution inhibiting group in the
unit (al), the lactone unit in the unit (a2), and the
pol ycyclic group containing al coholic hydroxyl group
i Any unit which has the polycyclic group containing the

‘alcoholic hydroxyl group as described above and may
copolymerize with any other constitutional unit of the resin
component may be used for the unit (a3). Specifically,
constitutional units represented by the general formula (14)
shown below are preferred. In the general formula (14), R
represents a hydrogen atom or a methyl group.

[Chemical formula 14]

A

O

(14)
In the unit (a4), the polycyclic group "different from
the acid dissociable, dissolution inhibiting group, the
lactone unit, and the polycyclic group containing alcoholic

hydroxyl groﬁp" means that the pblycyclic group in the unit



the unit (a3), and that units (a4) have none of the
pol ycyclic groups containing the acid dissociabl e,
di ssolution inhibiting grdup in units (al), the
| actone unit in units (a2), and the alcoholic
hydroxyl group in units (a3) that constitute the
(ad) desithecaorpdinenbmpbnend ovend apismnoats @f fudre polycyclic
pol ycyclic group of the unit (4) in one resin
groupsorpoatennings thar aas d tliissosdlaédiesd diatsdlatiorverdmibiting
the units (al) to (a3). For exanple, the sane
groupabnph&kl anpal Wey¢l,i ¢her duptaset beidniin edenuinifd gdhzas and
the unit (al) may be used for the polycyclic group of
the pblecyrilt o gdpupndonany nohgmanyohenstd hiyidrendll Widup in
that are conventionally known as an ArF positive
the uhe&si Y&3NMQt ahialk hery uhe tsel(eat ethavieN ncp@y fcWhay pdlitydyelic
preferable that at |east one or nore groups are
groupsekeeateadnihgmthie sthiic e lsedegamile , g o1addmNtithibiting
group, and tetracycl ododecanyl group because they are
groupeiﬁlbﬁltBHQEigfl@hbylaﬁﬁbh%bh%ltAﬂh it STBla e Used the
for the unit (a4) wthout any limtation as far as it
alcohB@§Ct h%&@&myelrbgpg&auam%% qesgr ikhed abeue jand Lathe
be copol ynerizéd wwth any other constitutional unit
resinOtohBenkRel.N conponent. Preferred exanples of (a4) are
represented by the general fornulas (15) to (17)

belowe 10 }186%@?9‘89‘858}1 %g&“’ﬁlcgé’l. ?g:ciftgr ﬁ;E}S%OQ the unit

atomor a gr oup. lla 15] R R

18 oﬁé rg%19 Ebﬁbonent, as far as 1t is selected not to
overlap the units (al) to (a3). For example, the same
aliphatic polycyclic group as the unit exemplified as the unit
(al) may be used for the polycyclic group of the unit (ad) and
any of many constitutional units that are conventionally known
as an ArF positive resist material may be selected. In
particular, it is preferable that at least one or more groups
are selected from thé tricyclodecanyl group, adamantyl group,
and tetracyclododecanyl group because they are easily
industrially available. Any unit may be used for the unit (a4)
without any limitation as far as it has the polycyclic group
as described above and can be copolymerized with any other
constitutional unit of the resin component.

Preferred examples of (ad) are represented by the general

formulas (15) to (17} below. In these general formulas, R is a

hydrogen atom or a methyl group.



(16) (15) (17) It is preferable that the unit (al)
is 20 to 60 nol % preferab% 30 to 50 nol % relative to
the total of the constitutYonal units of the resin
conponent because of superior resolving ability. It
is preferable that the unit (a2) is 20 to 60 nol %
[Chepiepér ABF)U36 £68150 nol %relative to the total of the
constitutional units of the resin conponent because
of superi@® resolving ability. Mreover, it is R-
preferable that the (a3) unit i, 5 to 50 nol %
% 10 to 40 jve to e tot
onal units eki n conp
resi st pat i guration.
it is preferabl et the (a4) unlf)is 1
Dl % preferably 5 to 20 nol % because
Br resolving ability fggomisol ated patt@rns to
sem - dense patterns. Although the unit (al) Jand at

| east oneé ynit. selected frgmthe units (a2) a3), and
(a4d) 37 appropri atey onbi ned i n agcor dange

Wi th A7ended pur poseg @r pol ymer cotpQsed-o

t he J‘I!gl’él), (a2), s preferred e

of theg Rrior resist gonfiguration

expospire may gi n, resist heat, and re

abi ity | this case ferabl e contris o he
constito¥ional units- (al) to (5@% are 20 tO gl %

for (al), 20 tp1®0 mol % for (a2), and 5 to 50 nol % for 4
(a3), respectively. Al though the weight-average (17)

nol ecul ar wei ght (hereafter
It is preferable that the unit (al) is 20 to 60 mol%,

preferably 30 to 50 mcl% relative to the total of the
constitutional units of the resin component because of
superior resolving ability. It is preferable that the unit
(a2) is 20 to 60 mol%, preferably 30 to 50 mol% relative to
the total of the constitutional units of the resin component
because of superior resolving ability. Moreover, it is
preferable that the (a3) unit is 5 to 50 mol%, preferably 10
to 40 mol% relative to the total of the constitutional units
of the resin component because of superior resist pattern
~configuration. Furthermore, it is preferable that the (ad)
unit is 1 to 30 mol%, preferably 5 to 20 mol% because of
superior resolving ability from isolated patterns to semi-
dense patterns.

Although the unit (al) and at least one unit

selecfed from the units (a2), {a3) and (ad) éan be



based on pol ystyrene standard) of the resin conponent
for use in the present invention are not particularly
limted, it is preferably3Tn the range of 5000 to
30000 and nore preferably, in the range of 8000 to
20000. Values larger than this range may deteriorate
approphlé asellybiddntbyineaf irheacesidacospentht thet anttkedeesirsstrpose,
solvent, while smaller values may adversely affect
a terbbéymnesi sbamoesecido odr vhet ahiing ard ) ,t hegr,osshds elctd)onad
configuration of resist pattern. The cycloolefin resin
prefersepr @leetabley &f rest nseeepiv8i rgsikhe paarelrint Wdmiajuration,
unit (ab) represented by the general formula (18)
expossirewmalkgliow, rehiichaace apt henadl,l wrebpelsymrinkedbiwitdy. In
the constitutional units obtained from(al) as
this BeeeSSahy. pIBrefrEhar cahnthonmla e CodSERB)INIRal0Rits
O(18) Inthis formula, R8 is a substitute
(al) ewenmbifiaed 29 ap eaci@d:di $3eci @hle, b ssolat i s for
inhibiting group in the unit (al), and mis an
), 1 Bheosr t&r em Ao Forl Nabhe caseddt Wi is 0in
"the unit (ab5), the unlp (25) i's prefera%?y used as a

CRPehYBhL Paxi peikhe- HQbEaQ@'hol@%@q%Ee%eg h%hﬁhereafter

si | sesqui oxane reSins include resins having t

basedcBﬂsbbtl%tsltg%heu@'ttan(ﬁgh il %mx%%ltﬁ/ &J?r?v&leé?ﬁ:r &or use
formul a hown bel ow, and e constitutional units
in thgagkesent invention are not particularly limited, it is
preferably in the range of 5000 to 30000 and more preferably,
in the range of 8000 to 20000.
Values larger than this range may deteriorate the solubility
of the resin component intc the resist solvent, while smaller
- values may adversely affect the resistance to dry etching and
the cross sectional configuration of resist pattern.

The cycloolefin resin is preferably a resin comprising
the constitutional unit (a5) represented by the general

formula (18) shown below, which are optiocnally copolymerized

with the constitutional units obtained from (al) as necessary.



represented by the general formula (20) shown bel ow.
[Chem cal formula 17] OOR9 (G226 OX X R0
-(S133/2) (19) 39 In the é%neral formula, RO is an
aci d di ssociable, dissolution inhibiting group
conprising an aliphatic nonocyclic or polycyclic
[Chemygrdcdoronlgr déd; Rio is a linear, branched, or
cyclic saturated aliphatic hydrocarbon group: X is an
al'’kyl group having ©to 8 carbon atons in which at
| east one hydrogen atom substituted with a fluorine
atom and mis an d@ﬁﬁerfronrlto 3. [Chem cal -
formula 18]/0 4 ® 510N (20) In the genera
formula, R “ hydrogen or |linear, branched, or
cyclic al ; R12 is a linear, branched, or
cyclic s I o hydrocarbon; X is an al kyl
group havj pdn atons in which at | east

(18)

In this formula, Rg i1s a substitute exemplified as an
acid dissociable, dissclution inhibiting group in the unit
(al), and m is an integer from 0 to 3. In the case in which m
is 0 in the unit (ab5), the unit {(ab} is preferably used as a
copolymer having the unit ({(al).

Examples of the silsesquioxane resins include resins
having the constitutional unit (a6) represented by the general
formula (19) shown below, and the constitutional units (a7)
represented by the general formula (20) shown below.

_ [Chemical formula 17]

O 0—Rg
~ (CHo)m
0O
X X
R1o
—(SiOzp2)

{19)



substituted with a fluorine. In the aforenentioned
(a6) and (a7), the acid dissociable, dissolution
inhibiting group represent® by RO is a group, which
has an alkali-solubility inhibitive property so as to
make all the silsesqui oxane resin conponents
alkakhei gsokublle fopmiadr,t Byt he 4mthoyd aphyspedeess,
and di ssociates the silsesquioxane resin conponents
dissobhyttbhe dehibntdhgamracid coppedyded famomitingaadicd
generator after the lithography process, thereby
monociakingoal bolllye yeillise sgdiraxandone sirdudl ;K #; | - 801 a1b]l £ne 4,
Exanpl es of such acid di ssociable, dissolution

branchebi, botri Bgcldroyps uirdtledde 1tihose ikepreseni=athdy dittip: X
general fornulas (21) to (25) bel ow having

is anhydkQoagkenpdheupsgCanta Bi R rdBuUldtmsalirPRaich at least
nonocyclic or polycyclic group. The use of this acid

one h¢h$sgehabkem Gusselidiic@d WARhbiat iIfMe-GioMP JRHES & m is
di ssoci ated dissolution inhibiting group difficult to

an in8a&khkYfroRreventisng the group from undergoing
degasi fyi ng phenonena. [Chemical forrmula 19] H3C H3C

[ChemiB&1 (58%)nuﬁ%2)18§}23) CH3 H3C C3 (24) (25 Ro
preferably has to 15 carbon atons, nore preferably 9

. _ ORH
X X
Ri2

—(Si0y2)

(20)

In the general formula, R;: is a hydrogen or linear,
branched, or cyclic alkyl group; R:; is a linear, branched, or
cyclic saturated aliphatic hydrocarbon; X is an alkyl group
having 1 to 8 carbon atoms in which at least one hydrogen atom
substituted with a2 fluorine.

In the aforementioned {a6) and (a7), the acid disscciable,
dissolution inhibiting group represented by Rs is a group,
which has an alkali-solubility inhibitive property so as to
make all the silsesquioxane resin components alkali-insoluble
prior to the lithography process, and dissociates the
silsesquioxane resin components by the action of an acid
produced from the acid generator after the litheography process,

thereby making all the Silsesquioxane'resin alkali-soluble.



to 13 carbon atons unlikely to produce gas upon
di ssociation and ensure proper solubility in the
resi st solvent and the de@@loper solution. The acid
di ssoci abl e, dissolution inhibiting group nmay be
selected from for exanple, many kinds of resin |
Exampd@fp Gremiish sicoisb SE@ Sos 3% Lce s 1S sedfosint ilgH et 1A9-
exci mer |aser depending on the light source to be
groupgsddicdgideorifiogs inenresentedompoddd sfensta hyimrgeddsoni2L)
group containing an aliphatic nonocyclic or
to (250 el dagrioep hydsrarealtop, greepeciapntdiigsigy ablailky
di ssolution inhibiting group, which forns tertiary .
aliphgitiyl mestoeryadiitch arhecdardhyoxyilc @rrewp -of T@ﬁetlﬁ)?a@ifyltlY‘éS acid
acid is wdely known. In particular, the acid
dissaiisede, allies s adivdseirutiindr biitiidbigriongp gredigs ddrg ai ni ng
an aliphatic polycyclic group is preferable. The
disscaliigteat idd spallydyicn drdgridug imey deurapbrfdprdwlttelty gasify,
sel ected from many groups proposed for the ArF
prevemgsingt .theorg rexanfirem thelealdgihet idegead yoyicld eigrouEna .
- includes a group in which one hydrogen atom has been
[Chemeravedofrinoma hiogycl oal kane, tricycl oal kane,
tetracycl oal kane, and such, nore specifically,
pol ycycl oal kane i ncl udi ng adamant ane, nor bor nane,
i sobwy ngaen_tricycl odeca tetracycl ododetane

si | s€siqui oxarfe resi ns\hgviing a 2} met hy|r 2<ads
‘ ented by fornuPa (23
a 2-ethy adamant yl esent ed by
general fornul §2()24) are
s ' (22) :
(23)
: : : CHy
) HaC ' ’
| ' CHs ‘
(24) (25)

Ry preferably has 7 to 15 carbon atoms, more preferably 2
to 13 carbon atoms ﬁnlikely to produce gas upon dissociation
and ensure proper solubility in the resist solvent and the
developer solution.

The acid dissociable, dissclution inhibiting group may be
selected from, for example, many kinds of resin components
proposed for a resist composition for ArF excimer laser

depending.on the light source-to be used as long as it is



preferred since they are unlikely to cause

degasi fication and have excellent resist properties

i ncluding resolving abilit$l and heat resistance. Each

of R10 and R11 has preferably 1 to 20, nore

preferably 5 to 12 carbon atons fromthe vi ewpoint of
compograblafnghet &yeomticaalbesolamidg toprita ittheng esi st igdlateint

and the nolecular size. In particular, the cyclic
monocyatlikated pallivalyatlic drydipacaGhaprgilayp, thbki ekikas an

advantage in that the obtained 42 silsesqui oxane
dissoasion ehasiikisgh utriams darhandyt itrey Rjrghupsnengych lighis a

high glass transition point (Tg) to easily contro
tertibhe adikglgererat wanh e ak ey lgeneiqt @f dutddr) RERlic

(Post - Exposure-Baking), is preferable. The cyclic
acid Sat wiake§ aniopmati c hydrocarbon group may be a

nonocyclic group or a polycyclic group. The polycyclic

grauparm@yubarexenpl kbigd iy sdaLeuR i @i Whicah v

hydrogen atons have been renoved from bi cycl oal kane,

inhibliklie¥chealikarentand itet AcxaliMdane pdMf&/clic group is

specifi'cal I'y, adamantane, norbornane, i'sobornane,
prerebbbac! ocae; paRd; epraguclodadgeans. nlfhr gespeci fic
exanpl es of R10 and R12 include those groups obtained

approB¥igkeAtNakh gL gy %%rei’n?}e o :pﬁmﬂoes%% HdV&he ArF

alicyclic conpounds repres y the genera
resi ot THLSe B Oph 1L TR bl Ry ekl YabbEpouacs o
group(ﬁg)whﬁ%% one hydrogen atom has been removed from
bicycloalkane, tricycloalkane, tetracycloalkane, and such,
more specifically, polycycloalkane including adamantane,
norbornane, isobornane, tricyclodecane, tetracyclododecane,
and such.

Among the aforementioned general formulas, the
silsesquioxane resins having a 2-methyl-2-adamantyl group
represented by the general formula (23) and/or a 2-ethyl-2-
adamantyl group represented by the general formula (24) are
preferred since they are unlikely to cause degasification and
have excellent resist properties including resolving ability
and heat resistance.

Each of Rjp and Rj;; has preferably 1 to 20, more
preferably 5 to 12 carbon atoms from the viewpoint of enabling
to control solubility in the resist solvent and the molecular
'size. In particular, the cyclic saturated aliphatic

hydrocarbonlgroup, which has aﬁ advantage in that fhe obtained



The derivatives nmean the alicyclic conpounds of the
chem cal fornmulas (26) to %31) above having at | east
one 43 hydrogen at om subs ftuted with a group, e.g.,
a lower alkyl group such as a nethyl group or an
et hyl group; an oxygen atom or a hal ogen atom such as
silsefgaygaaseie gifsgm Mas dridiy dmansrarifsiy thesieh £
obtai ned by elimnating two hydrogen atons from an
lightal jacydldhc ddergsothmesdltactreddinom (T groo iR s idah sttt gl
of the chemcal fornmulas (26) to (31) is preferable
the agiint@dnedzds dn dhrom ars parishgeramhtior ehyiing PEB (Post-
industrially available. In addition, Rl1l is
Exposref-dedbing ja liewaredldkndblgr.oup with 1 to 10 carbon
atons, and preferably 1 to 4 carbon atons in terns of
s@hebiclyictly i mattherartesi stl ipblarent hyhWooeaspea fdmald yay be a
this type of alkyl group is exenplified by a nethyl
monodicdupE, tdiyl o cumo Ipromilli graotup 4 S@heopyll vgrvalp.c mroup
butyl group, sec-butyl group, tert-butyl group,
may ey e:epentiiiedgroum ymiphexyhigioumwo Zreithyddrexattoms have
group, an n-octyl group, etc. R11l is appropriately
been Sehesieed froamyine, dforiamsid, aneidyclarddi idaties dtependi ng
' on the desired alkali-solubility of the
tetra¥ijSesqUxgnendesidpe MNEE Rl | acaiidi00en e rnane,
al kali- solubility reaches the highest |evel. Hi gher
isobdnidld - $QliuRidiiddecdias, tdhe aduwaniage ddidesois) tivity
~further inproves. On the other hand, as the nunber of

t be reasker i3t Qinpildie Al | HMOUR, i NEERASES thekeagroups
the al kyl group beconmes nore bul ky, the

obtaidAldy 30l4hidd ddh Pledde @i SREAU QAN er F &S Fespective
alicyclic compounds represented by the general formulas (26)

to (31) shown below or derivatives thereof.

[Chemical formula 20]

O O o

(26) {27) (28)

&g 8

(30) ~(31)
The derivatives mean the alicyclic compounds of the

cﬁemical formulas (26}- to (31) above having at least one



deteriorates. As alkali-solubility deteriorates,
resistance to the al kaline devel oper solution

i nproves and therefore, a 43ithographic nargin may be
enhanced in formng the resist 44 patterns using the
sil sesqui oxane resin and a variation in size involved

hydrogenl aghn expesutetkeduces Fyrddigy, My e, , Wnaveessl iyl
devel opnent nay be el iminated, and roughness in the

groupe@eges efs hhecherTed ey Sir Rat s |g&ddﬁ}r e xdkn
the general fornulas (19) and (20), is preferably a

atom;! igred riderdrotin sHcpagki emhahné | ewebrahley! O Mbmine.
with 1 to 8 carbon atons is preferably, and a | ower

AmongdhedBeM Hh g?eoh $pteanReN At %'I&nﬁrn%t‘ll?{%e VLB aRIgerd n
terms of the glass transition point (Tg) of the

atomsS Iflr%esgw @13Rechesl BoadunsPldiddiay 'f?cc;rrh%}{ee%]x%up
solvent. The al kyl group preferably has hydrogen

con51%%9ﬁ% &% %ﬂ%ycﬁ%mﬂg%ﬁ'qb%n&ﬁ%sb%QQg supstdptutied o Mddyop o

l'uori ne atons since the transparency to hlgh ener gy

h r C L.
since) 187k 1SLRCSaRBERI R 200 1B Yoty Ll i

l@%ﬁ | uoroal kyl group in which all the hydrogen at ons
avai e%substltuted ‘with fluorine atons Each X may be

5 3P T LT TR Pl 0B e
o RSB AR 3 51 54 g
commsSREHELPASIY 35, e I 3iospgupgiene resine

More spec1f1cg§%§ %%lg3%§p%h% ;Tﬂ(TNgroup is exemplified by
a methyl group, ethyl group, propyl group, isopropyl group, n-
butyl group, sec-butyl group, tert-butyl group, cyclopentyl

- group, cyclohexyl group, Z-ethylhexyl group, an n-octyl group,
etc.

Ri: is appropriately selected from the aforementioned
candidates depending on the desired alkali-sclubility of the
silsesquioxane resin. When R;; is a hydrogen atom, alkali-
solubility reaches the highest level. Higher alkali-solubility
has the advantage that sensitivity further improves.

On the other hand, as the number of the carbon atoms of
the alkyl group increases, or as the alkyl group becomes more
bulky, the alkali-solubility of the silsesquioxane resin
deteriorates. As alkali-solubility deteriorates, resistance to
the alkaline developer solution improves and therefore, a

lithegraphic margin may be enhanced in forming the resist



[Chem cal formula 21] 0O Il R5 OH H2C-C-O O F2n+1C
CnF2n+l F2n+1Cn C F R12 n 2n+1 10 -(.5103/2}
(6103/2} (32) (33) In the*4ornmulas, R5, R o, Rl2, and
n are those as defined above. The constitutiona
units (a6) and (a7) typically conpose 30 to 100 nol %
pattepmef ersdiplgy the 56 1566 audlcXanepre sprefaadatsl waro@tims gn
of the entire constitutional unit formng the
size dinvedseudi dxade ghesiexpofsuree nedesest. | AvehheonorThe
ratio of the constitutional unit (a6) to the total of
unevenng seonst idevtilopalenininay (&6 e ldamd nea B i singt efcergdilgsss in
to 70 nol % and nore preferably 10 to 40 nol % The
the edafdso oof thie forarst ittasgtiisongaturirtng ad) ivgyervefdr abl y
30 to 95 nol % and nore preferably 60 to 90 nol % By
seht ithe thaeckalli doefruflhe qavst andt i(@0al, ¥niits Pag)ferably a
within the aforenmentioned range, the ratio of the acid
linead sSagilalfreupdi SsoOlgirAtaeulEt . bi Bi hgwgkorpkyd group with 1
automatically determ ned and therefore, the change of
to 8 e rikaltonsoliubidridne ra0f1 yi,hersi las asquiroxarey esith 1 to 4

bef ore and after exposure beconmes suitable for the
carbPA S8 hSidtd o AN RAMAdIE tiype gves Sf 4fhe glass
transition point {Tg) of the silsesquioxane resin and
solubility in the resist solvent. The alkyl group preferably
has hydrogen atoms as many as possible for being substituted
with fluorine atoms since the transparency to high-energy
light or electron beam of 200 nm or shorter is improved, and
the alkyl group is most preferably a perfluoroalkyl group in
which all the hydrogen atoms are substituted with fluorine
atomé. Each X may be the same or different from each other.
In the general formula (19), m may be an integer of 1 to 3,
preferably 1 to easily dissociate the acid dissociable,
dissolution inhibiting group

More specific examples of the silsesquioxane resins

include those resins represented by the generél formula (32)

or {(33) shown below.



conposi tion. The sil sesqui oxane resin may have any
constitutional wunits other than the constitutiona
units (a6) and (a7) to the4Sextent that they are not
detrinmental to the effects of the present invention.
Exanpl es thereof include those units used in a
[Chesikagésdoiraxane2ngsin for ArF exciner |aser resist
conpositions, e.g., alkylsilsesquioxane units
represented by _the general fornula (34) shown bel ow,
havi ng an al kyl groupRs(R ), such as a nethyl group
an et hyl grougJ a propyl group, or a butyl gr%ﬂg.
[ Chem cal for a 22] - ~Q2) (34) The
wei ght - addlage Gor T (My) of the
si | sesqui oxjane resins (g : ‘
by way of @el perneatig
particular Jlimted but
: gdenore  preferaty any val ue of*43000
. Alval ue™afiBle this range deteriorateg the
solubilityﬁ%n the resist solvent; while a -sSTHBIQy,Y

val ue nay Re the cross sectional configuration of

the resist Ipattern poorer. In addition, weight-average
mol ecular (Pgkt (My) / nunber - average nolecul ar wei ght(ag)
(M1), nanely the degree of(38bl ymer dispersion is not

in particular limted but is preferably any value of

1.0 to 6.0 and nore preferably any value of 1.5 to 47

In the formulas, Rs, Rig, Ri2, and n are those as defined
above.

The constitutional units (a6) and (a7) typically compose
30 to 100 mol%, preferably 70 to 100 mol%, more preferably 100
mols of the entire constitutional unit forming the
silsesquioxane resin of the present invention.

The ratio of the constitutional unit (a6) to the total of
the constituticnal units (a6) and (a7} 1s preferably 5 to 70
mol?% and more preferably 10 to 40 mol%. The ratio of the
constitutional unit (a7} is preferably 30 to 95 mol% and more
preferably 60 to 20 mols.

By setting the ratio of the constitutional unit (aé)
within the aforementioned range, the ratio of the acid
dissociable, dissoluticon inhibiting group is automatically
determined and therefore, the change of the alkali-solubility
of thé silsesguioxane resin before and after exposure becomes

suitable for the base resin for the positive type resist



2.5. A value above this range may deteriorate
resolving ability and pattern configuration. Having
t he sil sesqui oxane backbon%ﬁconposed of the
constitutional units (a6) and (a7), the silsesqui oxane
resin of the present invention has high transparency
compatsg thiogh energy |ight of 200 nm or shorter wavel engths
and el ectron beans. Therefore, the positive type
r 8bestidempasiitkenccontannimay hhve snlvsesggitdkandonal
resin in the present invention is advantageously used
unitsi wthietrh ddpaap iy eu siomg ta thitglonasowmnde sat () wangel @ngt o the
shorter than that of, e.g., an ArF exciner | aser,
extenandhapartfiegulaar yatn detsiimgng=layer tghreocddectishef the
resist conposition can forma fine resist pattern
preschaviimgeatliione Wedthplas shekkodsitbQudm dthokesspisndused
further 120 nmor less. In addition, the positive
in a tipedesiiskagepesiin @oray e tsed if drasean nepyiert
| ayer of a doubl e-layer resist |am nated body so as
compdis@ thendsefauly.i,n d1hke 1priacessyafodefariuig tfd nespresirsted by
patterns with line widths | ess than or equal to 120
the gaMearRd frorhhamore) lesswr oy, equaindg enlCO mym dghiteup
resin conponent for use in the negative type resi st
(R'),CQMRESIEd QN rek Al PRI, CHraldthyll iR, Butbropyl group,
specifically it 1is preferably a resin conponent as
or a P88 Red el ow. As such a resin conponent, the resin
(a8), a resin conponent having two kinds of
[cheh4BGhi @3l @508ps in one nol ecul e which may
I ntranol ecularly react to forman ester through
dehydrati on bqucid action generated fromthe acid
gener at or addedj|si nul taneously to the resist material,

t hereby makiinglthe nesin conponent becone
alkali-inse#ébmﬁc%kﬁe}___

(34)

The weight-average molecular weight (Mw) of the
silsesquioxane resins (based on polystyrene standard by way of
gel permeation chromatography) is not in particular limited
but is preferably any value of 2000 to 15000 and more
preferably any value of 3000 to 8000. A value above this range
deteriorates the solubility in the resist solvent; while a
smaller value may make the cross sectional configuration of
the resist pattern poorer.

In addition, weight-average molecular weight (Mw) /number-
average molecular weight (Mn), namely the degree of polymer
dispersion is not in particular limited but is preferably any

value df 1.0 to 6.0 and mofe preferably any value of 1.5 to



48 preferably used. The "two kinds of functiona
groups in one nolecule which may intranol ecularly
react to forman ester" dé&%cribed herein refers to
groups, for exanple, hydroxyl groups, and carboxyl
groups or carboxylic acid ester or the |ike, for
2.5. farnahgeaabarboxjiiEcraagd msyetetkmiotrhee wersddyving
t hese groups are two kinds of functional groups for

abilifter minkg pan teasi &on fAAspusuaiidrasi ns, for exanpl e,
resins, which have the hydroxyal kyl group and at

| gastingnehef stihgegaiboxyhegbaubane ceaieed i atied
ester group in the side chain of the main resin

constSkeltebon]l ama ty efzenakiel (47)3ddiHd ol sl AA8d Nresin
conponents, the resin conponent (a9), which is

of theORResesht0fi nfre rRAlHTRIa NAMIGH) 3-8 GARAN 110 a8Cigh energy

nonoester unit, is also preferable. In other words,

1ight( a®) 2109 &nf &% %h‘b‘i’ﬂé‘}n%tvell%\ﬂd%sataﬂc?@ectron beams.
constitutional units represented by the foll ow ng

ralyf g I
There&%?%éche %k@%ls (33%@%?2%?%F§J?%?ﬁ%é%?ﬁﬂéﬁiﬁéﬁgﬁﬂﬂfhg the

51lse|§¥1@1r1995%?1’e @Jel@iln 9 Ol{@ieh%\f:‘e%%nlc ity h G PON, at oms,  or

al’kyl” group aV|ng a polycyclic ring 'structure, such

advan@%g@%h@ily S ke, q.%%‘?)tgwagg{f%ln%ga light source at a
wavelength shorter than that of, e.g., an ArF excimer laser,
and, particularly in a single-layer process, the resist
composition can form a fine resist pattern having a line width
as small as 150 nm or less, and further 120 nm or less. In
addition, the positive type resist composition may be used for
an upper layer of a double-layer resist laminated body so as
to be useful in the process of forming finer resist patterns
with line widths less than or equal to 120 nm and furthermore
less than or equal to 100 nm. |

The resin component for use in the negative type resist
composition is not particularly limited, but specifically it
is preferably a resin component as described below.

As such a resin component, the resin (a8), a resin
component having two kinds of functional groups in one
molecule which may intramclecularly react to form an ester
through dehydration by acid acticon generated from the acid
generator added simultaneously to the resist material, thereby

making the resin component become alkali-insoluble, is



tetracycl ododecyl group and tricycl odecyl group.
Preferred exanpl es of such resins include polyners
(honopol yners or copol yner4§ (a8-1) conprised of at
| east one type of nononers selected from an
a- (hydroxyal kyl) acrylic acid and an
prefegaftiydrneegal kfhialtybi sindedodl Kphcedrerpl gmgups in one
copol ynmers (a8-2) conprised of at |east one type of
molecmimo neri chs elagc tied ramorheam 1a-r(lhy dresaal ey | Hoaer AN s’
and an a- (hydroxyal kyl) acrylic acid al kyl ester and
descrdbddeastredme refpers do mpmoper, delrectednflrsomignbtdrarl
et hyl enically unsaturated carboxylic acid and
groupet, hylnehicealdog win satourcet ed cardaxyt ldtce .a clivk geolepmers the
(a8-1) preferably include copolynmers of an
1like,a-fchy doxaal kW kaamhd«yd iaciat iahé e a- ( Apdookeal kpkds,
acrylic acid alkyl ester, and, the copolyners (a8-2)
theseplgictiablare ithel kdexdopd iikick itdrall cprdwian, f@as forming an
anot her ethylenically wunsaturated carboxylic acid or
ester@St B @hicanetBenset iykeakaablly, wasahdraiv®dch have the
' carboxyl ate, at |east one nmenber selected from
hydro3d§ailkiyd agidhp meldass Vdasadmh o @ Wd ©omed @gddogd and
ester, and an nethacrylic acid alkyl ester. Exanples

carbddy1tike S @@l KW rdiPup ithd M8 @ chain of the main
(hydroxyal kyl )acrylic acid and the

resir®<dnyaldod dacsd il kyh agher itrYy iaRchude deawer
hydr oxyal Kyl groups such as hydroxynet hyl,

IR OXY QY | pe AT WU RN Y%Ay b Vdom@E P So £ a
comp Anmong thesejﬁioups, the hydr%ﬁ?ethyl group éﬁn t he

polynié\_‘cdrh%?%@‘ Iyldigfa%%lei refef ahl v, dsed- tonpasidy fogdm

ester. anples o e al kyl groups 1 n the alkyl ester
prefé%%gﬂéﬂl of the a-(hydroxyal kyl) acrylic acid al kyl
ster ‘include |ower alkyl groups, such as a nethyl

g&%u%th%Q %g@ﬁs,gQ%%R’i% %r%%@in component having at least

constitutional units represented by the following general
formuia (35) shown below.

fChemical formula 23]

(35)
In this formula, Riz is a hydrogen, alkyl group having 1
to 6 carbon atoms, or alkyl group having a polycyclic ring

.structure, such as bornyl group, adamanfyl group,



50 group, an isopropyl group, an n-butyl group, a
sec-butyl group, a tert-butyl group, and an anyl
group; and bridged pol ycyc#®c hydrocarbon groups,
such as a bicyclo[2.2.1] heptyl group, a bornyl group,
an adamantyl group, a

tetrakgidlacyeleelyd. 4rbul?entl Jrdedetydegyauprand a
tricyclo[5.2.1.026]decyl group. If the alkyl group in
t becfestet pabhborshas thehpekyeyel e ydogikaRrs
group, resistance to dry etching is effectively

(homopBRiaved. oAmenRgdiRese 3l ks-19r i ridepart ipul@fast one
I ower al kyl groups, which are inexpensive conmponents

type Fdm@askky savaillaled a3 o eehdlydearRongnt) tL-forim
ester, including the nethyl group, the ethyl group,

acid bhe I%OBM' (I, fyaaﬁéil/lt %%r@iitﬂé aH5QUR 13 Rafsafé{ allnyg
used. en any of |ower al Kyl esters is used

copol?ﬁ%?r'fb@ab'0%0&5%%&5&‘Mﬂ'&ﬂ'f%é@Hmﬂ%yugﬁﬂ d@“ﬂﬁ%éﬁér

as in the carboxyl group, while s

selectebeibicati gn h ?ﬁﬁﬁ xg,ef@m(egygo ycycveh%@rar?% £r

is forned wt

d t
hydrg&gﬁq(ﬁ?’rlk?og Igll %%r oca r}: af LSl dsucegne type

polycyc |c oni1s 1ntro

of moh'@:fﬂ%rt Ig%le%%le@l f?:%qp% %‘%therl }%l%rn%fc%ﬁg} EAI{J};&{%‘J}C

t aneou connec
of th sin the other ha d S,
corse A3 G LE RN

slters in
§f an

TR Y Pl e 15 A ge

- s BE E  JTIRSN S0 AR SR v
acid alkyl ester, and, the copolymers (a8-2) preferably
include copolymers that contain, as another ethylenically
unsaturated carboxylic acid or ester of another ethylenically
‘unsaturated carboxylate, at least one member selected from
acrylic acid, methacrylic acid, an acrylic acid alkyl ester,
and an methacrylic acid alkyl ester.

Examples of the hydroxyalkyl group in the o-
(hydroXyalkyl)acrylic acid and the o-{hydroxyalkyl)acrylic
alkyl ester may include lower hydroxyalkyl groups such as
hydroxymethyl, hydroxyethyl, hydroxypropyl and hydroxybutyl
groups. Among these groups, the hydroxyethyl group and the
hydroxymethyllgroup are preferably used to easily form ester.

Examples of the alkyl groups in the alkyl ester portion

of the a-(hydroxyalkyl) acrylic acid alkyl ester include lower

elkyl groups, such es a methyl group, aﬁ ethyl group, a probyl



ethyl, propyl, isopropyl, n-butyl, isobutyl, n-hexyl
and octyl 51 ester of these unsaturated carboxylic
aci ds. For the al kyl group’®&t the ester portion,
acrylic acid esters or nmethacrylic acid esters having
the cross-linked polycyclic hydrocarbon groups may be
groupysed iiredpuhiogl agrdiwy cio| 2-Rutyheprebpgr susecabiydydylgroup,
group, an adamantyl group, a
a tertebwagycloaodpd. GniR 851 'amy0] doderyl agrcbipyidasdl polycyclic
tricyclo[5.2.1.02" 6] decyl group. Anong these al kyl
hydrogaeips, gracpd,i cuadi dsard bretldor(y.i2c lddiegptorl tdmwiup, a
| oner al kyl esters including nmethyl, ethyl, propyl,
bornyand raupyt win estoerasitarle grpef,ermably used. In the resin
conponent (a8-2), the nolar ratio of at |east one
tetrahwnﬂoqm.mnﬁﬂﬁﬁﬁﬂuﬁi?]SeﬂecyEdgEbopmaand-a
(hydroxyal kyl )acrylic acid and an a-(hydroxyal kyl)
tricy@aiylsi.¢ . 1aeP e jaldayll egterip.r e dt tve bokgl beasp dnethe
type of nonomer unit selected from anot her
estereiirarinC aldsy tunrs goinated icarhemddarbacigrang afesistance
ethyl enically unsaturated carboxylic acid ester is
to drif efehably ilsn dffedanes firrfgr@ve%ar 8Ambag9%hdse alkyl
especiall’'y preferably 50:50 to 90:10. If the ratio
groupet WeeR ihe MDRATeN oWl 3. 48 WrRigs,t Réhich are
af orementi oned range, ester nay be easily forned in a

inexpBAGY & o PRIMRER: 1P| LGUI185 .5 AGNI B NG S URLTd Wohol
resi st patterns. The resin conmponent (a9) is a resin

conp NI A, FAeSATSHL UdTA ML, e oo
group&s%ke %%opyl group, and the butyl group are preferably
used,

When any of lower alkyl esters is used, an esterification
occurs with the hydroxyalkyl group as well as in the carboxyl
group, while such an esterification does not readily occur
- when an ester is formed with the cross-linked polycyclic
hydrocarbon. For this reason, when an ester of the cross-
linked polycyclic hydrocarbon is introduced into the resin
component, it is preferable that the carboxyl group is
simultaneously connected to the side chain of the resin.

On the other hand, examples of other ethylenically
unsaturated carboxylate or ethylenically unsaturated
carboxylic acid esters in {a8-2) include unsaturated
carboxylic acids such as acrylic acid, methacrylic acid,

maleic acid, and fumaric acid; and alkyl esters such as methyl,

ethyl, propyi, isopropyl, n—butfl, isobutyl, n-hexyl and octyl



[Chemi cal fornmula 24] HO OHO O Rie RRta ><14 te
Rla RI5 R8 RI5 OO ORts ORts (36) (37) In the
formul as, R14 and R15 are é&ach al kyl chains having 0
to 8 carbon atons; R16 is a substituent having at

| east two alicyclic structures; and R1l7 and R18 are a

esternyd agRE AP ral eAldebgfyaurR: havidy 1 to 8 carbon
atons. The negative type resist conposition using a

I @8irn theOBPRRENGrbay g ichies dope @b raiicar,baxdyic addd
nonoester nononer unit is preferably used because of

esterd @Hehmei@sINING =alId iddt and HLAURE Hd ne-@Age inked

roughness. This conposition, which has resistance to

polyctalild MgdricsaFc Rirfgi-ala, Usediddn ﬂﬁaddiqﬁ :5%

I mrersion |ithography process. These di carbox

bicyc@® [ .FDNGeR, 1CHMRANNAS, | Bglyde %HgﬁbtcaﬂcE@mnantyl group,
i taconi ¢ acid, nesaconic acid, glfutaconic acid, and

a tetWaRNIAUG acid 1”“13?“”?&8@8&@“ ggggg,%ﬁ@p' es of

resins having the dicafboxylic nmonoester units

coio/0uls BOSTER 0n SRR LR EIPLSEY dlrcuos,
scryISR0SRL £ U B BL SARA AL NES ), cocer
inclu%&%@'%%%h@l?Sethyl, propyl, and n-butyl esters are
preferably used.

In the resin component (a8-2), the molar ratic cf at
least one type cf monomer unit selected from an o-
(hydroxvalkyljacrylic acid and an o-(hydroxyalkyl) acrylic
écid alkyl ester relative to at least one type of moncmer unit
selected from another ethylenically unsaturated carboxylic
acid and an ethylenically unsaturated carboxylic acid ester is
preferably in the range of from 20:80 to 95:5, especially
preferably 50:50 to 90:10. If the ratio between the monomer
units is within the aforementiocned range, ester may be easily
formed in a molecule or between molecules, achieving superior
resist patterns.

The resin component {a%) is a resin component having at

least constitutional units represented by the following

general formula (36} or (37).



(hydroxyal kyl )acrylic acid, a-(hydroxyal kyl) acrylic
acid al kyl ester, another ethylenically unsaturated
carboxylic acid, and anotP2r ethylenically
unsat urated carboxylate. The resin conponents of the
negati ve type resist may be used either individually
[Cheoriced dombidat i2dd of two or nore thereof. The
wei ght - aver age nol ecul ar wei ght of the resin conponent
is any = (value) of 1000 ge)SOOOO and preferably any
(value) of 28@0 to 30000.™“\Anong the resins, the
positive tyge resists using\the acrylic resin ((al)
to (a e the positive ty ists containing the
1 rﬁagps with\relatively high/resistance to liquid
‘ [ sion, bmi, as the si zeRbecomesRgposer to limt
tion gize in liquid i rsion |ithography,
solution tends t e iorate. The cause of

lowerfng r¥solving ability’is non limted to a single
fagipr, and,Rfsor removing ®uch fgttors, it is
considerably effective to conplefely separate the

i mrer@i iquid fromthe re ilm by formng the

protective Xilmof the present inwention. A positive
type resist i ncludes the sil se®Rjyoxane resin
((a6) and (a7)) or the negative type resist that

i ncl udes the specifbé)resins (a8) and/or (a9) is
considered to havé poor |iquid i mrer $86h resi st ance,
‘as conpared to the positive type resist using the

a&%r%@ﬁp&5%ﬂggﬁ.9r¥£LCaﬁ§Sﬁﬁ'ar@ngﬁhﬂeai%&ﬁaQ%%Hh% ®hving

thi's resist iqurd i mrersion I t hography can be

0 o | TLENRH, DA 1 e AL L XELELLTLIL B PESEEE! oo
alicﬁéﬁ%%ég%fﬁgghres; and Ri7 and Rjg are a hydrogen atom or an
alkyl group having 1 to 8 carbon atoms.

The negative tYpe resist composition using a resin
component having this type of dicarboxylic acid monoester
monomer unit is preferably used because of higher resolving
ability and reduced line edge roughness. This composition,
which has resistance to swelling, is more preferably used in
the liquid immersion iithography process. These dicarboxylic
acid monoester compounds include fumaric acid, itaconic acid,
mesaconic acid, glutaconic acid, and traumatic acid moncesters.

Preferred examples of resins having the dicarboxylic acid
monoester units include polymers or copolymers (a9-1)
comprised of dicarboxylic acid monoester monomers, and
copolymers (a9-2) comprised of dicarboxylic acid monoester

monoﬁers and at least one type of monomer selected from the a-



54 in the Conparative Exanple, it is known that a
resist that includes the cycloolefin resin has a very
poor liquid inmersion |ith®dgraphy resistance, which
makes it inpossible to forma pattern. Even a
positive type resist containing such a resin can be

(hydraRRhil ¢ 10 @ chrkadicd alcHBeT $i-Qmyldridieananiy ky-rysiing ddies

protective filmof the present invention. Furthernore,

alkylf%%ﬂéE%fﬁﬁd%ﬂﬁ¥“%@ﬁ§ﬁén£@ﬂpifegnﬁhtﬂrbﬁgd @SB xylic acid,
conpositions for the aforenentioned positive type

and ahB%halkS «@hyN1edatihbve vt VPR A3tk AMhANA IR, P8he resin
selected from the known acid generators for

compoglf@%t@ﬁc alel ¥namaleyhi-eder %%/'p%lt Sréa s1Q1368), Act valeexaml8s

e acid generators include onium salts, such as

indiv(dihﬂgg'i | bedan %E%nbr' bl YQHOoR Rane Ui QNAt® e raor. The
4- e I pﬁ

t hoxypheny enyl i odoniumtrifluoromethane

' weigh%uhgggg & mo E%QE&EE%%%Q%Ey5&?%%%L&%%¥ﬁﬂégﬁ%qﬂ%nt is any

trifluoronethane sul te, riphenyl sulfo

(valu%ziEku%%%%ekga%%OgﬁLﬁgﬁakgﬁ%ﬁrab%%‘%qﬁl(value of 2000 to

- met hoxyphenyl) eny oniu uor onmet hane
30000SUl fonate,  (4-nethyl phenyl)di phenyl sul f oni um
trifluoromethane sul fonate,

4- h h L) di I l.f oni fl b
(ArmsrvbRT eyt pbgmyL ot LenLummenacluorobutong, oo
scryiff ShtOTILISG Sullonate APIEOIIONND ousies

bi s(p-tert-butyl phenyl)i odoni um ngnaf | uor gbut ane
contadgiPBnbrE. Toeihpha s HELGTTA HoRa A GRS RE e to

. ___.sul fonate, : .
ligquid immersion, but as the size becomes closer to limit

resolution size in iiquid immersion lithography, pattern
resolution tends to deteriorate. The cause of lowering
~resolving ability is not limited to a single factor, and, for
removing such factors, it is considerably effective to
completely separate the immersion liquid from the resist film
by forming the protective film of the present invention.

A positive type resist that includes the silsesguioxane
resin ((a6) and (a7)) or the negative type resist that
includes the specific resins {aB) ahd/or (a9) is considered to
have poor liquid immersion resistance, as compared to the
positive type resist using the aforementioned acrylic resin,
and the suitability of this resist for liquid immersion
lithography can be improved by using the protective film of
'the_present invention.

Furthermore, when the cycloolefin resin is used as seen



(4-trifluoronethyl phenyl)di phenyl sul foni um
trifluoronmethane 55 sulfonate,
(4-trifluoromethyl phenyl)dfphenyl sul f oni um
nonaf | uor obut ane- sul fonate, and
trip-tert-butyl phenyl)sulfoniumtrifluoronethane
in tlsuldonatmt i vanmdhgtie onitumsadtitsyn echat a resist that
tri phenyl sul foniumsalt, which does not readily
incluwteconpes e arich qregdire e eorigartias gases,y ioopriefariabl e.
The bl endi ng anount of the triphenylsulfoniumsalt is
imme yiefrerialdho G groy 1Gs i 2 carprven prtefreriadd yit7 Qo ddible to
nol % and nost preferably 100 nol % relative to the
form tot@ttagmunt of the acid generator. Anpng the
triphenyl sul foniumsalts, a triphenylsul fonium salt

Even l£p@asented dipd hegeneradnformiie {&8) shoynibetaw be
having a perfluoroal kyl sul fonic acid ion as an anion

applied tespechald Vindeferabl v wses SINe o hi @i sensid i vity
can be achieved. [Chem cal fornula 25] RRg O R20 O

proté@ﬂ@ﬁ?ﬁ§§§1%ﬁlﬂﬁgﬂ Bedth theedw©rdpl a, each of R19,
, and R21 |ndependently represents a hydrogen atom

a #@&%ﬂo@é FRUR RAU ARG bk Bitody &iaiaan Liith 4he
carbon atons, or a hal ogen atom such as
resin compositions for the aforementioned positive type
resists or negative type resists, any cone may be selected from
. the known acid generators for chemically amplified resists.

[0156]

Actual examples of the acid generators include onium
salts,
such as diphenyliodonium trifluoromethane sulfonate,
(4-methoxyphenyl)phenyliodonium trifluoromethane sulfonate,
bis (p~tert-butylphenyl)iodonium trifluoromethane sulfonate,
triphenylsulfonium trifluoromethane sulfonate,
(4-methoxyphenyl)diphenylsulfonium trifluoromethane sulfonate,
(4-methylphenyl)diphenylsulfonium trifluoromethane sulfonate,
- (4-methylphenyl)diphenylsulfonium nonafluorcbutane sulfonate,
(p—tert-butylphenyl)diphenylsulfonium trifluoromethane
sul fonate,
- diphenyliodonium nonafluorobutane sulfonate,
bis (p-tert-butylphenyl)iodonium nonafluorobutane sulfonate,
triphenylsulfonium nonafluorobutane sulfonate,

(4—trifluoromethylphenyl)diphenylsuifonium trifluoromethane—



chlorine, fluorine, or bromne; and p is an integer of

1to 12, preferably 1 to 8, and nore preferably 1 to

4. The aforenenti oned aci dsg§enerators may be used

al one or by conmbining two or nore kinds thereof. The

bl endi ng amount of the acid generator is 0.5 parts by
sulfofmage,and preferably 1 to 10 parts by mass relative to

100 parts by nmass of the aforenmentioned resin

(4-tr&@NReReRkTh yAbhle@Sa ) HIhPA RAMH M dBRSS L RMISRIEne -

formation is not satisfactorily performed, while at
sulforBre, thay 30 parts by mass, a honogeneous solution is
difficult to prepare, so that storage stability is

tri(pLE§9E¥thyl@%%%&h@%%ﬁ?on%ﬂ%.@@@ﬂﬂdﬁ%dﬂéﬂﬁ%ﬁgiéﬁiﬂdﬂ%%e.

resi st conpositrons of the present I1nvention are

pﬁﬁgﬂgegh@yoﬁgaaoggheg,tQet&gghan %%H%%gahm g%§5§CM%ich

generator, and the optional nponent s escri be

does H%lto‘ﬁ’eaﬁgfl?r ARl &N A9 ?)'}io(alﬁ%\%l %%ani%ﬁtgatgé% is

organi ¢ sofvent, any organi ¢ solvent “may used wth

prefe?gb@@(tifHéaﬁéé%ﬁ%ﬁgg%@guH@i8? Eﬁgtgk%é&%%?%%ﬂ§frgﬁpghsalt

conponents an gener at or Ssol u

. d °
ig prgg%gﬁggoﬁéyw 1%% H‘l%%_d’o a?r&og%mbr%l}%’rt#bvfgf Ofo T SLOfOr 6’[1'%1?,

bé “appropri ately “use y selectin

| for . chem,call [ified
o4 SR Spheente s SHUCAT AT o
the ainﬁlud%ekegones, such as acetone, nethyl ethyl
k&t'odE"SEFEPShexanone, nethyl isoanyl ketone, and

2- hept apone: OE al cohol.s and de ivatives,tEFre f, 57 .
SHRRge CRE NG FERBEGYY SBE EOBLHYI SRd Tl y Bof TiBREAYACHLE Ont um
di et hyl ene gl ycol, diethyl.ene gl ycol nonoacet at e,
salt 6?85§%@H5edgb§ the gener%l fof%dﬁa (38) shown below
having a perfluorcalkylsulfonic acid ion as an anion is
especially preferably used since high sensitivity can be

achieved.

[Chemical formula 25]

(38)



gl ycol, propyl ene glycol nonoacetate, dipropylene

gl ycol, or nononethyl et her, nonoethyl et her,

monopr opyl et her, nonobut yPét her, or nonophenyl et her

of di propyl ene glycol nonoacetate; cyclic ethers,

such as di oxane; and esters, such as nethyl |actate,

etthy [t hleadloatm 1 anetelhyh aderat e, Ret hyhd Agetiatdepamnaantly

acetate, nethyl pyruvate, ethyl pyruvate, nethyl
repra@itoxepropiangire atamd et Mydweet feodiydr apicoratiesvikieske to 8,

organi ¢ solvents may be used al one or in conbinations

prefedfado 1 afo Mreadiordstidrer,eafr d mdlesen posin,l waadr as
negative type resists, a known amne, preferably a

chloleeonderyodower &t iphatige Ankne, paikeshi dhyelgewernt 1 to 12,
aliphatic am ne, or the |like and organic acids, such

prefedSiiganits gl kowy hidr«a e« mnthyphpsphay ous oxo acid
may be added as a quencher to inprove resist pattern

canld GUAERiht i nRIPRIAId Sedliddtiohs @l:G: bEheidedeilone or
al i phatic am ne includes the am nes of al kyl or alkyl

by cAlB g Wild o Soree S8y R & OB, TaRd La%arRhes stlount of
secondary amne and tertiary am ne include

the %dﬂd@é?«)@ﬁé&k?’is dj ef yd.and N8, dddetdvd iderably 1 to 10

I -n-propyl amne, tri-n- propylamne, tripentylam ne,

partsdibf); hanal amng. i aNd . tirdethanal an ne, and, ¢ nthe
parti cul ar,

al kanol am ne such as “ triethanolamne is

r i.nes alzo (P
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co
mass,ta agcecg%}?{ & MR USeghdin jhéfhé{bef{%g%eéf&fﬁ@%,g%hile

by mass relative to e resin onent.
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difficult to prepare, so that storage stability is likely to
deteriorate.

The positive or negative type resist compositions of the
present invention are produced by dissolving the resin
component, the acid generator, and the opticnal components
described below preferably in an organic solvent.

For the organic solvent, any organic solvent may be used
with no particular limitation which can dissolve the resin
components and the acid generator to make the solution
homogeneous may be used and any one, two or more solvents may
be appropriately used by selecting from the known solvents for
chemically amplified conventional resists.

Examples of the organic solvents include ketones, such as

acetone, methyl ethyl ketone, cyclochexanone, methyl isocamyl

ketone,—and Z2-heptanone; poiyalcohols and derivatives thereof,



mal onic acid, citric acid, malic acid, succinic acid,
benzoic acid, and salicylic acid. The phosphorous oxo
acid or its derivatives ingfude phosphoric acid and
derivatives thereof such as its esters, such as
phosphoric acid, phosphoric acid di-n-butyl ester and

such PROSRAGIcHAG 19 & Phanyly RSker51 RROS B £odci ck and

derivati ves thereof such as its ester, such as

diethRN@SRNONIGACT diicRAIRRONIG A GhAHJRIDVE c £S48 fopyiene

phosphoni'c acid di-n-butyl™ "ester, phenyl phosphoni'c

glyccACl g)ro@qu%%%o'al%/c%‘\i' %ﬂo@@%ﬂte@.s?cﬁrprqp?l%nraﬂ]%lw L or

aci d di benzyl "ester; and phosphinic "aci
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conmponént. ese may ‘be used “al one or ‘i 1 conbi nat1’on

t i.nds or_.nor.e ., thereof. These orqgani c aci,ds, are
as megfrhé(fl\gﬁaab t)?%ﬁée(?tlhﬁ’la lr%ﬁhcfrte’r é“r?é%lyequaaﬁ agceo'r ?Cto}%/élr

han.t hat of the am ne. I.f desired, t ositive type
acetatiy B e B e OF THE FYRAS@Rc M) oH TP TS
further contai,n m.scibl e additives, such as
methyd Bt POREP LA ORs For A SNy etet%?%éﬁo&%ﬁ}?ctee of T0fREe
resist film surfactants for inproving the coating
OrganﬁrFoEQﬁﬁ‘?PtsaHPiY- CsIGSA Ag ORFe s, I I EEET idiafeqns of two
stabilizers, coloring agents, and anti-hal ation
or moggektdds| fhege@dsary, the negative type resist
conposition of the present invention may further .
cofit APRS8 PPEISHIVRKPHg PEgaft VEot YR resists, a known amine,

preferably a secondary lower aliphatic amine, a tertiary lower
aliphatic amine, or the like and organic acids, such as
organic carboxylic acid and phosphorous oxo acid may be added
as a guencher to improve resist pattern configuration,
temporal stability, etc.

The lower aliphatic amine includes the amines of alkyl or
alkyl alccohol with 5 or less carbon atoms, and examples of
secondary amine and tertiary amine include trimethylamine,
diethylamine, triethylamine, di-n-propylamine, tri-n-
propylémine, tripentylamine, diethanolamine, and
triethanolamine and in particular, alkanclamine such as
triethanolamine is preferably used. These amines may be used
alone or in combinations of two kinds or more thereof. These
amines are usually used in any in the range from 0.01 to 2.0%

by mass relative to the resin component.



i ncreasing crosslink density and inproving resist

pattern configuration, resolving ability, and

resistance to dry etching>8For this crosslinking

agent, any known crosslinking agent, which is

commonly used in the chemcally anplified negative

t e teedies tekampie she fused wirbhnie spadicady liiarndatdsonnclude
Exanpl es thereof include aliphatic cyclic

ma 1 orhiydragiar, bans hiaviag hy dtzaxiyd  agirdupswatc hryidr eagiad kyenzoic
group or both, or oxygen-containing derivatives

acid,t heiedalisygh @sacid.
2, 3-di hydr oxy- 5- hydr oxynet hyl nor bor nane,

2 imed O RLdEdRsS (Rd r@tTeirh vl (idarnarige s include
cycl ohexanedi net hanol , 3, 4, 8(or

phosp%xtlrd i DA | Al QAEGANE, £ h et hthcr?- adanantantdrs,
, 4- di oxane- 2, 3-diol and 1, 3, 5-tri hydroxycycl ohexane;

“such W pHAMRUNds Qbtai nad, Phdeactdhg for mplklehydesstfr and

fornaldehyde and |‘ower al cohols with am no
phospHAUR: CRNLAI N ik fAMAUNIS,  SHbh@ASi TR @A Nehd

acet oguanam ne, benzoguanan1ne urea, ethylene urea

derl Wycgldirdds @15‘&1 ﬁQSE’cEUEb@@rt he Jaydrooeth A amh i acid,

e amno group wth hydroxynethyl group or I ower

oros BTV o flEHY TP OB i ot
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preferable in particular.

The organic acid is used in a ratio of 0.0l to 5.0 parts
by mass relative to 100 parts by mass if the resin component.
These may be used alone or in combination of two kinds or more
thereof. These organic aclds are preferably used in a molar
range equal to or lower than that of the amine.

If desired, the positive type resist composition of the
present invention may further contain miscible additives, such
as additional resins for improving the performance of the
resist film, surfactants for improving the coating property,
anti-dissolving agents, plasticizers, stabilizers, coloring
agents, and anti-halation agents.

If necessary, the negative type resist composition of the

present invention may further contain a crosslinking agent for



- 60 protective filmof the present invention in the
liquid imersion |ithography process will be
described. First, a comosdy used resist conposition
is applied onto a substrate such as a silicon wafer
with a spinner or the like, and then the substrate is

increRisarkaked scRAB PIRERST)y AlerHidridMalnG resito-damedrn
| am nat ed body with an organi c or inorganic

conf igitrafafdng C te@d 1K1l laaiid ibet weely thes isubsidatie, apd, t he
coated layer of the resist conposition may al so be

etchiwged. The process up to this stage may be perfornmed by
known nethods. It is preferable that the operating

cepdi £heBs -2Rds13U&R ndr & RRRN ORI ANGI NS &lr AePendi iy agent,

on the constitution and characterlstlcs of the resi’st

whlchcqu%'nﬁqo?ﬂyt %sl%% li%qu a?r}ﬂl %_eecpf C%Jldeclve

resist fil m nono ayere cure

type 345 'tk%ed ?70\5% u%e%lo%%%l tnl 1L %fc aq_ath_"rd aclh tfl%rn Examples

ormngt e " protective m ac Ing to t prese
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C
issolving a ic fldoroal cahol ol yer repr
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coha i’s “éven app

sQ.as t forn1a resist protective f|In1
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such as %YB %lhygroxy %—%ydroxymet Engﬁiﬁﬁgﬁ\fI6 (100)

2-hydroxy-5, 6-bis (hydroxymethyl)norbornane,
cyclohexanedimethanol,

3,4,8(or 9)-trihydroxytricyclodecane,

2-methyl-2-adamantanol,

1,4-dioxane-2,3-dicl and 1,3,5-trihydroxycyclohexane; and
compounds obtained by reacting formaldehyde, or formaldehyde
and lower alcohols with amino group-containing compounds, such
as melamine, acetoguanamine, benzoguanamine, urea, ethylene
urea and glycoluril, and substituting the hydrogen atoms of

the amino group with hydroxymethyl group or lower alkoxymethyl
group, examples being hexamethoxymethylmelamine,
bismethoxymethyl urea, bismethoxymethylbismethoxyethylene urea,
tetramethoxymethyl glycoluril and tetrabutoxymethyl glycoluril,
and among these, tetrabutoxymethyl glycoluril being
particularly preferred. These crosslinking agents may be used
alone or in combinations of two or more kinds thereof.

Next, the method of forming resist.patterns using thef



The t hus obtai ned substrate on which the resist film
covered with the protective filmis fornmed is i mrersed
in 61 refractive index lif¥id (liquid having a
refractive index |larger than that of air and smaller
than that of the resist filn). This i mersed resi st
protdddimeort itllve ofultdier atre des1ts elrectritvielny inexghes dd. duhirdough
a desired mask pattern. Accordingly, in this case,
imme tdiereXpaesiong dphghte thesmpaddds Hehrdmsgir ifdeal r eFiasti ve
index liquid and the protective filmto reach the
commdrASi Sisefd |Iv@siAtt tdtinpddinE orsiiRcapdle aesirgio fd lsnbstrate
conpl etely blocked fromthe refractive index |iquid,
such S¥ch as 1pwee watyr WitH he sreteactdve Hd [Imkaeidrierthen
Is the resist filmdegenerated due to swelling or the
the dude@Ritd he igheag0edf(Hare grefdaast)i.venlndexatliveliyd a
nor i s conponents of the resist filmeluted into the

two-18/draalHnM e altRe % ddyi Wit H & .o iydirel Svdrerindiej iz ed
water, fluorosolvent, and such) to degenerate the

antlr%q_tl'e%acllonc%rl?fptl%rﬂcﬁtﬁect%«éé?ﬁr@fg S ras d efddctHe/ & oated
index. In this case, there is nolimtation for the

layef’\’%\felt‘?lrégtrlés:&ft tRERIPASI Y rd Ol Reayp used for

exposure, and radiation rays,” such as ArF exciner
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methdﬂ Ct&enlgegg§5e¥ab %sthg@dtﬁgfgﬁér%%Xﬁ ”@%n@gtﬂ%%% and

and el 8ct epen I'ng nmain Raracteristics

such ?a I%%)Ip atel rs% pa}%tére:e}{r n%%trﬂbcq‘yee cdr{lsﬂl%ﬂ%ﬁ]%d

gare _ e present
characnc\éernltsltol%s aé 94 drehs Vs'tng:oqnpoesflrt%:tﬂ V&% be used.

Next, to the surface of the resist film {monolayered or
multilayered) cured as described above, a composition of
material for forming the protective film according to the
present invention, for example, a "composition prepared by
dissolving a cyclic fluoroalcohol polymer represented by the
following chemical formula (100) shown below in Z-methyl-1-
propylalcohol™ is evenly applied and cured so as to form a
resist protective film.

[Chemical formula 26}

FZ F H HZ\ F"z F H \
4—c—c——0c—¢C + C—C—C—C
{_F N & LY

2 ~¢ _—CH F2C N _~CH

/\ /\

The thus obtained substrate on which the resist film

RS {(100)

covered with the protective film is formed is immersed in



i ndex larger than that of air and smaller than that of
the resist filmused (refractive index liquid) is

pl aced on the resist filmslia the protective film
duri ng exposure. Exanples 62 of such refractive index
liquids include water (water, deionized water) and

refrafdtiarcocaidesn liireritd | i1guhdss Hepeiaid i rexang as ofndde
fluorocarbon inert liquids include |liquids conprised

larggfithah ehafd Wi eGar ke GaowWsshatathas BHERRS sist
CAFOOCH3, CAF90C2H5, or C5H3F7. Anong them fromthe
film)Vi ewpoint of cost, safety, environnental problens,
and general versatility, water (pure water or

deheRi Z2edevakar kelss sPr ¢figkakly t¥eetup HPURELT s WRBR & vely
exposing light of 157 nm wavel ength is used, a

expo seldU @HrRRAed asQie\éﬁ'?_ied sdvefsiakdsh us%@c@ﬁ:@%‘iﬁ%, in this
vi ewpoi nt. of its |ower absorbance of the exposi ng

case, | @l o[RS ief na tv%e'a'ﬁ{j £e§ %fcﬁjd'kﬁcctﬂé’%éf%t

liquid used 7is not partl ularly mted as long as

indexd ﬁgé:{?%fc{ %gmltdr \églﬁeld %ﬁ%&lvi%ﬁgﬁi ttchaflaTJJhe fied rAed § S € Jpilm.

er than t ractlveln

tR‘E LRSS GATPAshEL O‘Eh%s‘?:% f qn C‘?L'Ep' %%{1 tiaelocked

exposure pr océss’in an rmerse sta

erom lthe! 300U 0 sthe .y sliacl ve jadex, ggg%u'&te@d B

protectirve mis r
orotef I35 BATULE BHITOL I POLLINP (L L0 e <.
BRI E B gl i e mtmw
llqulgggﬁlﬁsf}::?n ng@ %l?llglt%:,?: n%dgjh@l ut! On 1 ?ne etlmetedcfvlerlltocg the
refractive index liquid (e.g. pure water, deionized water,
fluorosolvent, and such) to degenerate the optical
characteristics thereof such as refractive index.

In this case, there is no limitation for the wavelength
of the exposing light beam used for exposure, and radiation
rays, such as ArF excimer laser, KrF excimer laser, F, excimer
laser, EUV (Extreme Ultra Violet), VUV (Vacuum Ultra Violet),
electron beams, X-rays, and soft X-rays may be used, and
selected depending mainly on the characteristics of the resist
film.

As mentioned above, in the method for-forming a resist
pattern of the present invention, a liquid having a refractive
index larger than that of air and smaller than that of the
resist film used (refractive index liguid) is placed on the

resist film via the protective film during exposure.. Examples



process is alkaline, the protective filmis first
di ssol ved, and subsequently the sol uble portion of
the resist filmis dissolﬁ%d away. In this case, the
devel opnent process nmay be followed by the
post - baki ng process. Preferably, the resist 63 film
of such fngfirhert inensigdiexs i Ingyuded so nireeld: dmatvert.e 1Thives et er
rinse step is to wash away the devel oper solution and
deioried esdtdial amyt dilectriows flidrm icenponentuiaiad t Bpecadiist
conposition dissolved by the devel oper solution on
examgdlhs sifbstheatfd dnradrdpimgirerrt sipraayiidyy watlerdeonl idneids
substrate surface while the substrate is being
compridieat ehinlemf thieidesistbdn |donsoudidssd durobisai GyHAiers,
resist patterns formed exactly accordi ng the mask
C Fs00@lt @r,rs0C, HINUSr ChHiMe preseqt thaventron, théeviewpoint of
protective filmrenoval and resist film devel opnent
cost Al auyl ERacusinerachl eeth g, Sldgandeveepremility,
process. By formng the resist patterns in this way,
wated €fhile WRAldRIHYS dMitdh fidte wd e Wi hspe BABTY used,
particul ar, line-and- space-patterns of small pitches

howe V&, Redy W%d@fﬂ%%ﬁﬁﬁ{ﬂ Wt Tepalyiviyaiddtly.is used,
Herein, a pitch in the |I1ne-and-space- patterns is the

a flddMidladdiStanceff ithe sealsthpatiasd et hrandsidisoint of

space wdth in the direction of the Iine width of the

its %Qﬁ{/%rﬁﬁ%o%r? Mﬁétshc%%%&#&%ugﬁggé Exanpl es
SR GERIK RO S LA, SR g MBI o e
is no\?&et%%{rigciuq{%rltweli%@ea& aaH Vforﬁj(aa[wlﬁé. Sr@%f‘a?c@f&?&rirpggx is
"larger than the refractive index of air and smaller than the
refractive index of the resist composition used.™ |

After completion of the exposure process in an immersed
state, the substrate is taken out of the refractive index
liguid, and then the protective film is removed.

Then, PEB (post-exposure baking) is performed for the
exposed resist film keeping the protective film attached
thereto, and is subsequently subjected to the development
process using the alkaline developer consisting of alkaline
solution.

Since the developer solution used in this development
process is alkaline, the protective film is first dissolved,
and subsequently the soluble portion of the resist film is

dissolved away. In this case, the development process may be

folldwed by the post—baking process. Preferébly, the resist



the Exanples. Exanple 1 In this exanple, a protective

filmwas forned on the substrate using the materi al

for formng a protective f6bm according to the

present invention to assess the 64 waterproofness and

solubility in the al kaline devel oper solution of this
film preotfeatings fdilnBedAsisA rRASR: RO V@R ,wat e €OPAYRBKrater rinse

conprising the cyclic fluorinated al coho

step G@NSd twddronalawiide IRIFASREE G i afl effntionethal
general fornmula (100) (the nolecular weight is

proteb%1%@0fﬂ%%5d@ﬁ%dﬂént Ry agen Ao abdde M &issolved
ratio is x:y = 50:50). Two kinds of solvents,

by thé @@ﬂ@ﬂoﬂeﬂ“é&ﬁﬁﬁknﬁle%HBﬂéﬁﬂsé%éﬁﬂm@ﬁthﬁﬁfhgL@@d
to prepare 2% by nass of the base pol ynér water

spray3@uiiaat r [RSRe N8l rAd §J]:%é’@rvﬁul{%edd?es éLh:ﬁstrate is

conmpositions for formng the protective fil

bein 'x‘&;@%t%fd CORRQS| ttHESrEQEsEOE%W 15N REAL @0t ipe o ihi e

were applied onfo the sem conduct or substrate using a

resus%p' 1 GRAL QY f%%%rd telgc%hcctqs}r 'aj?:g:o%lq'l ﬂsﬁ%ﬁf%ﬂ

er the coati ng otectl ve vvas C

Thus,hﬁ?lt thre %I’étnt %tflv%?lgllo%r gc%es oncdescél%e qllzinp Ee‘%?oval

ki ds of protectlv " for ssessnent

sna ISR LB SHIRG WOL Go I L roaRnls, g o

singl h%e%% te%% e file forned usi ng 4-met hyl - 2- pent ano
98 orVe @?Q|%%5 was 28 3 nmin filmthickness

se snent the pr.otecti [ .perforned f.or

Aﬁg RRETRG = FPBGar BRELSEF the WHAARY Tesist

onfirmatiqn of .the .
patterns wit f%ne llne widths, and in particular, line-and-

space-patterns of small pitches may be produced with superior
resolving ability. Herein, a pitch in the line-and-space-
patterns is the total distance of the resist pattern width and
the space width in the direction of the line width of the
patterns.

[Examples]

Examples of the present invention will be described below,
but these Examples are only for suitably explaining this
invention but do not limit the invention. 1In the following
description, the Comparative Example is also described with
the Examples.

Example 1

In this example, a protective film was formed on the

substrate using the material for forming a protective film

according to the present invention to assess'the



surface conditions, (ii) the measurenent of the
decrease in filmthickness after a 90-sec rinse with
pure water by sinulating 6he filminmrersion into
liquid (pure water) in the [liquid inmersion
l'i thography process., and (iii) the dissolution rate
watergfrddfmearsotaact isvd dhilimtwhem itirerslddh iime eveald@@dd ne
devel oper solution (2.28% TMAH) (converted into film
solutfmn tdf aknessiraudctec)e fAdma r ésubt pbatkepvilymal, a
surface conditions of filnms 1 and 2 were both
copolexes] |empr Wity tihee fdddabitdhi fdkresisafed hel daHah 1
being 50.8 nmafter the water rinse and that of the

constfiiduBidna28 . fhinmmafdressdriedvadert Hd nses ramnhidried heeneral
surface conditions remaining good. Furthernore, the

formudisSs@lot)i ot Hat® fcdlke wyidactiyve §,idoo byr*share all
devel oper solution was 3 nmsec for film1l and 2

hydrdyas e duy, fdrldnthe Mo ichangeid nid he s fAL&0) . Two kinds
condi ti ons was observed with both filns 1 and 2

of sAURIRN ed 1R 13 y190-$8G JdMse Md -yt Biperdithdt were
was Judged that the film thickness was al so not

used ¥d ¢t RY MatRF ndfxXAPleL)pde dol Jrov NehSidblution
conponént, acid generator, and nitrogen-containing

respedtdaR 1S, CUROUWHL WIS NQIRAENCOU Y RSO vRshd NE@n

organi ¢ solvent to prepare the resist “conposition 1.

formityy &S CUWAREH 51,00 parts by mass of the

pol ymer “conpri sing constitutional units represented by

the o Lo)) Qg ganeralo JONTUA (A02)eShoD, AW R i ve

used. e respective constitution
filnl%&%%?géﬁﬂanﬁq%n%%Q%%%g%%ﬂgﬁﬁﬁgﬁéﬁiugh§h6§%%££éx¥ﬂﬁﬁﬂfn5
spin coater under the coating conditions of 1500 rpm. After
the coating, the protective f£ilm was cured by heat treatment
at 90°C for 90 seconds to obtain two kinds of protective films
for assessment. The protective film formed using 2-methyl-1-
propanol as a solvent (film 1) was 50.3 nm in film thickness;
while the protective file formed using 4-methyl-2-pentanol as
a solvent (film 2) was 28.3 nm in film thickness.

Assessment of the protective film was performed for the
following three items: (i) the visual confirmation of the
surface conditions, (ii) the measurement of the decrease in
film thickness after a 90-sec rinse with pure water by
simulating the film immersicn into liquid (pure water) in the
liguid immersion lithography process, and (i1ii} the
dissolution rate of the protective film when immersedin the .

alkaline developér solution (2.28% TMAH) (converted into-film



50 mol % 66 [Chemcal formula 27] OO I-- el MOO
(1 02) As the acid generator, 5.0 parts by nmass of
tri phenyl sul f oni um nonaf | ués obut ane sul fonate were
used. And, as the organic solvent, 5.5% of ethyl

| actate water solution was used. Furthernore, as the

thickielskQgenr/egertial ni ng organi ¢ conpound, 0.25 parts by
mass of triethanolamne (0.5 parts by mass of

As a bklsultQCtihleaRriikeh W e fdeRd.colRB tiRSisS to L GMPR til Qihdl 2
prepared as descri bed above was used to formthe

were b8thSkxRaUNRME., RiRk$! trRN ANGRHIG ci@ftdd &ff agld ve ifnt |1
conposi tion "AR- 19" (product nane, manufactured by

beingSBioRkennCaritlt Gk AT APRIRE QML @3 IdL€Uhe WalBr 2
using a spinner and dried by baking on a hot plate at

28.8 %%SQfE%r 60 S6a S &q,%%ﬁn WrdDIGHe Y& co dltlons
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90-sec rinse with pure water, and it was judged that the film
thickness was also not affected by water.
(Example 2)

The following resin component, acid generator, and
nitrogen-containing organic compound were homogeneously
dissclved in an organic solvent to prepare the resist
composition 1. As a resin component, 100 parts by mass of the
polymer comprising constitutional units represented by the
following general formula (102) shown below were used. The
ratio of the respective éonstitutional units (1l and m) used in

preparing the resin component were set at 1 = 50 mol% and m =

50 meol%.



constitutional unit (the nolecular weight is 13,800,
R5s are all hydrogen atons, and the nole ratio is x:y
= 50:50) in 2- nmethyl-I|-prépyl al cohol and adjusting
the resin concentration to 2.5% by nmass, was
spi n-coated onto the resist film and heated at 90C
[CheldreaB0 femordds 27d forma 72. 1-nmthick protective
film Next, the resist filmwas irradiated with
(exposed to) a patternpng light beamghrough the mask
pattern using an ArF exthger | asg avel engt h; 193
nm by the exposure system
Cor poration, NA (nunerical = 0.60, a =
0.75). Then, as a liquid ipr i t hogr aphy
treat nent, J Ao\t he sili waf er havi ng
t he exposed r esy S pure water at 23C was
cont i nuously drlthe resist filmfor 2 mn.
This step corre§ponds Tho the step in the practica
ich the resist film
the liquid is exposed. However,
based on the abo nti oned anal ysis of the liquid
imrersion it f aphyQret hod, the conpl ete exposure
performance in the optfics has been thgg;@é#ﬁally
guar anteed, such that flor achieving a ation of
only the effect of t rsion liquid on the resist
film the step with-a lified configuration was
adopted in mhich first the resist filmis exposed and
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trlp}ﬁﬂéﬁfgj reaI{H? ecgfcﬁﬁ'e coérjldsloltfl ons at ‘%f’é or 90
as s S d ﬂlcrgolvent 5.5% of ethyl lactate water solution

was used. Furthermore, as the nitrogen-containing organic
compound, 0.25 parts by mass of triethanolamine (0.5 parts by
mass of tri-n-cctylamine) were used.

The resist composition 1 prepared as described above was
used to form the resist pattern. First, an organic
antireflective film composition “AR-19” (product name,
manufactured by Shipley Co., Ltd.) was applied onto a silicon
wafer using a spinner and dried by baking on a hot plate at
21%°C for 60 sec to form an 82 nm-thick organic antireflective
film. Onto this anti-reflective film, the resist composition 1
was applied using a spinner, and dried by pre-baking on a hot
plate at 115°C for 90 sec to form a 150 nm-thick resist film
over the anti—reflection film.

The'protective film material, which was prepared by



resist filmwas devel oped with the al kaline devel oper
solution at 23C for 60 seconds |eaving the protective
filmas it is. As the al ka¥i ne devel oper sol ution,
2.38% by mass of tetranethyl ammoni um hydr oxi de wat er
solution was used. By this devel opnent process, the
dissdivatectd weddllymaras el et thd eipyved: afdidlinated
excel l ent devel opment of the resist filmcould be
alcohdllseahisevedd The tirsidlematderdd dritiss opt@d neds havd ng
300-nm 1:1 |ine- and-space was exam ned under a
constS&HNIRG 1eh@GH QR HE P& r (WREMht and, 1 Wasod oud are
that the resist pattern is excellent such that no
all Hyddelgdal i:0Rnaas MRsemethdate ald-iLonparal ive exampl & -
t was attenpted that to forma resist pattern having
ehy308-pRobyl lhierfnd SRAcR A iy B 1L AGCAUAALS rat
ne %% pﬁ%ggﬁgirgly the same pfbcedﬁgé_as in Exanmple 2 ration
to 2.8 RY HAGPOSIN &5 [ YRE t%ﬁ'ﬁe eXGERL: thal, N0, ng
protéctive filmwas tornmed. en the resist pattern
[ ubsegquent | y.exam ned under _a _scanpin L ectron
heateﬁ?@%o??oge§?§E ,S?ﬁgngﬁug uggfgnaaﬁg'qsﬁe %P%&kof t he
tern.were too severe to observe the pattern.
prOteﬁgg#%Iglg%Whe foll ow ng resin conponent, acid
gener at and. ni tr.qgen-contai_ni.ng organi.c c£Qnpaoun
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to. t ISt onpositigon 1. As a resin
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rati.os of 69
S5302B (Nikon Corporation, NA (numerical aperture) = 0.60, ¢ =
0.75). Then, as a liquid immersion lithography treatment,

while rotating the silicon wafer having the exposed resist
film, pure water at 23°C was continuously dripped on the resist
film for 2 min. This step corresponds to the step in the
practical production proceés in which the resist film
completely immersed in the liquid is exposed. However, based
on the above-mentioned analysis of the liquid immersion
lithography method, the complete exposure performance in the
optics has been theoretically guaranteed, such that for
achieving an evalﬁation of only the effect of the immersion
liquid on the resist film, the step with a simplified
configuration was adopted in which first the resist film is
exposed and pure water as refractive index liquid (immersion
liquid) is applied to the resist film after exposure.

Aftér the pure water—dripping process folloﬁed by a PEB



the respective constitutional units 1, mand n used in

preparing the resin conponent were set at 1 = 40 nol %

m=40 mol% and n = 20 nd6®8% [Chemical fornula 28] O

M O nO POOOE OH 0(103) O As the acid

generator, 53.50 parts by mass of triphenyl sulfonium
treathemaf luheleabwhaneid ifdraise aand 15.°C5 fpar €9 skyonmdss ahe

tri phenyl sul foni um TF were used. And, as the organic
resisSOlfiaM waa GlbAdlagueDus Soltlld @il kefl ietdhydedaciaie smsation

used. Furthernore, as the nitrogen-containing organic

at 230onpe¥ndo sécdbdpantsvhygmess protective film as it is.
tri-2-(2-methoxyet hoxy)ethylam ne was used. Using the

As tHeLS1Ha1GORPQEtd1bet tdtlsigifrparradsa Hesisds qrattern
was formed. First, an organic antireflective film

tet r LRIAGSIdinh AR T r (PrdRd welc dran Lyt agfanesedy By this
Shipley Co., Ltd.) was applied onto the silicon wafer

devel$bHG 2 sy, aMt ghdeddwdaking s adilipate at
215C for 60 seconds to form an 82-nmthick organic

removdd I8f 18Ctd M fiddR ddSidIb et M¥erthe s T8SIS1m could
conmposition 2 was applied over this anti-reflection
be also achieved.

The resist pattern thus obtained having 300-nm 1:1 line-
and-space was examined under a scanning electron microscope
(SEM)Y, and, was found that the resist pattern is excellent
such that no fluctuation was observed at all.

Comparative example 1

It was attempted that to form a resist pattern having
300~nm 1:1 line-and-space was formed in accordance with
entirely the same procedure as in Example 2 using the positive
type photoresist except that no protective film was formed.
When the resist pattern is subsequently examined under a
scanning electron microscope (SEM), the fluctuation and
swelling of the pattern were too severe to observe the pattern.
Example 3

The following resin component, acid generator, and
nitrogen-containing organic compound were homogeneously
dissolved in the organic solvent to prepare the resist
composition 1. As a resin component, 100 parts by mass of the
copolymer comprising constitutional units represented by the

chemical formula (1035 shown below was used. The ratios of



70 film and dried by pre-baking the wafer on a hot
plate at 115C for 90 seconds to forma 150-nmthick
resist filmover the antigpeflection film The
protective filmmterial, which was prepared by
di ssol ving a copol ynmer conprising the cyclic
the rklspeicitAgiedonaltGeheli Jorenr esanrted by, they ¢hedLalin
formula (100) as the constitutional unit (the
prepaf@hechar reRiighicondohdB0Ge oS @t al I= ydrRgen n = 40
atonms, and the nole ratio is x:y = 50:50) in 2-
mols ngh@yh L- propyizal cohol and adjusting the resin
‘concentration to 2.5 percent by mass, was spin-coated
[Cheﬁggglt@grﬁg§hs§8ﬁlln1 W th a spinner, and heated at
for 60 seconds to forma 72.1-nmthick protective
fllnl Next, the r SISt filmwas irradiated with a
patterning mask pattern using
an ArF exc| h: 193 nm by the
on Corparation, NA
=69, o = 0.75). Then, as a :
hograp y treatnment, while rotating

‘SC was c¢nti nuous dri pped on the resist
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cal bro tio s|in which the resi st
stely i rse lliquid is exposed.

pased on/X he 2b Okhal ysis on the

['iquid inmrersion/l iYHdogr/aph —the conplete
exposure perforng iA the ©Optics has been
theoretically guaran ed, such that for achieving an
eval uation of only thg effect of the i rsion liquid
on the o (nf%gl)

As the acid generator, 53.50 parts by mass of
triphenylsulfonium nonafluorcbutane sulfonate and 0.75 parts
by mass of triphenylsulfonium~TF were used. And, as the
organic solvent, a 6.0% aqueous solution of ethyl lactate was
used. Furthermore, as the nitrogen-containing organic compound,
1.20 parts by mass of tri-2-(2-methoxyethoxy)ethylamine was
used.

Using the resist composition 2 thus prepared, a resist
pattern was formed. First, an organic antireflective film
composition "AR-19" (product name, manufactured by Shipley Co.,
Ltd.) was applied onto the silicon wafer using a spinner and
dried by baking on a hot plate at 215°C for 60 seconds to form
an 8Z2-nm thick organic antireflective film. Using a spinner,

the resist composition 2 was applied over this anti-reflection



resist film the step with a sinplified configuration
was 71 adopted in which first the resist filmis
exposed and pure water as7@efractive index liquid
(imrersion liquid) is applied to the resist film
after exposure. After the pure water-dripping process
film,f @hidovedhy by PERB-akdatgnmermte wader tome ac bradi tdlarrs &t
115C for 90 seconds, the resist filmwas devel oped

- 115°onifidr tolte salcdaldisne odeeatmoperl S9einut it ckatre23GHf dii 160 over

seconds | eaving the protective filmas it is. As the

the aaltkalriaTae cdevelnogarnnsol ution, a 2. 38% by nass of
t et ramet hyl ammoni um hydr oxi de wat er sol uti on was used.

Bynthpgotdevekeprenn proeess,t ke iphowvast prephired wys
conpletely renoved and an excell ent devel opnent of

dissd1RQ e sl SopllheaoWdhp e idls ancivenad e itrheed
resi st pattern thus obtained having 130-nm 1:1

alcoHd1Ne=ds3PRER WAS tAMHAR LNdefs ranusicanniony eleaiieon
m croscope (SEM, the pattern profile was found to be

const&XeRlilent sWGh thae AR fduotuat)anmktor: Sud) arr e R®>s are
observed at all. Exanple 4 The resin conponent, acid
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bel ow wer e honogeneously dissolved in an
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72.1-nm thick protective film.

Next, the resist film was irradiated with a patterning
light beam through the mask pattern using an ArF excimer laser
(wavelength: 193 nm) by the exposure system NSR-S302B (Nikon
Corporation, NA (numerical aperture) = 0.60, o = 0.75). Then,
as a liguid immersion lithography treatment, while rotating
the silicon wafer having the exposed resist film, pure water
at 23°C was continuously dripped on the resist film for 2 min.

This step corresponds to the step in the practical production

process in which the resist film completely immersed in the

- liquid is exposed. However, based on the above-mentioned

analysis on the liquid immersion lithography method, the
complete exposure performance in the optics has been
theoretically guaranteed, such that for achieving an
evaluation of only the effect of the immersion liguid on the

resist film, the step with a simplified configuration was



in preparing the resin conponent were set at 1 = 20
ml % m= 40 nol% and n = 40 nol % 72 [Chem ca
formula 29] nm OOO OQ@OCL OH O3 0 (104) As
an acid generator, 2.0 parts by mass of

tri phenyl sul f oni um nonaf | uor obut ane sul fonate and 0.8

adoptRR tis1 WhidMSS @ft tH trerd rdputsd phenyld d0Ni AR pure
trifluoronethane sulfonate were used. d, as the

water0l3AM G St 1 nG BP0y MBS S Bimd 181 IR Xethuid) is applied
solvent-water solution conprising propylene glyco

to tHORAEtdNYIri 16t et and ponytene glycol nononet hyl
ether acetate (mxing ‘ratio: 6:4) was used. As the
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mass of triethanol am ne was use Furt hernore, as an
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ende e resi st conposition prepared as descri’be
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As th ria%%aqyin%alger\]f%l%%eq: hsootlLPcli%ne, aaE 2.38% by mass of
tetramethylammonium hydroxide water sclution was used. By this
development process, the protective film was completely
removed and an excellent development of the resist film could
be also achieved.

When the resist pattern thus obtained having 130-nm 1:1
line-and-space was examined under a scanning electron
microscope (SEM), the pattern profile was found to be
excellent such that no fluctuations or such were observed at
all.

Example £

The resin component, acid generator, and nitrogen-
containing organic compound shown below were homogeneously
disseclved in an organic solvent to prepare a resist
composition. As a resin component, 100 parts by mass of the
copolymer comprising constitutional units represented by the
following chemical formula (104) shown below were used. The
ratio of the respective constitutional units 1, m and n used
in preparing the resin component were set at 1 = 20 mol%, m =

40 mol%, and n = 40 mols.



205C for 60 seconds to forma 77 nmthick organic
antireflective film On this anti-reflective film the
resist 73 conposition was7applied using a spinner,
and dried by pre- baking on a hot plate at 130C for 90
seconds to forma 225-nm thick resist film The
[Chepriatzdctfiorenuflial maTat eri al, which was prepared by
di ssol ving a copol ymer conprising the cyclic
fluorinated alcohol represented by the chenica
formula (100) ,as the con itutigpal unit (the
nmol ecul ar we al | hydrogen
atons, and the nol '¥ tig M x:y 45050 (ol e
percent)) and 10% @é%;; s of CYOF21COOH rel ative to
this copol thﬂ?“r—propyl al cohol and
adjusting the resin copcentration to 2.6% by mass,
ilmw th a spinner,

@ exposure system
Ltd.) with an
BHpatternlng

‘ .o|ated 0 BSTS1 t hrough t he
mask pattern. Then, asi/liqtid i nersion I|thograppy
treatnent, while rotaI?ng the silicon wafer having 04)
the resist filmexposed, pure water at 23C was
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sulfondte were used.

And, as the organic solvent, 7.0% by mass of the mixed
solvent-water solution comprising propylene glycol monomethyl
ether and propylene glycol monomethyl ether acetate (mixing
ratio: 6:4) was used. As the nitrogen-containing organic
compound, 0.25 parts by mass of triethanolamine was used.
Furthermcre, as an additive, 25 parts by mass of y-

butyrolactone were blended.

The resist composition prepared as described above was
used to form the resist patterns. First, an organic
antireflective film composition “ARC-29” (product name,
manufactured by Brewer Co., Ltd.) was applied onto the silicon
wafer using a spinner and dried by baking on a hot plate at
205°C for 60 seconds to form a 77 nm-thick organic

antireflective film. ©On this anti-reflective film, the resist



performance in the optics has been theoretically
guaranteed, such that for achieving an eval uati on of
only the effect of the inmersion liquid on the resist
film the step with a 74 sinplified configuration was
adopted in which first the resist filmis exposed and
compo%&&&c%@&%% ap1alaClsli Ve 1andey el Gind IJPRISIRN pre-
liquid) is applied to the resist fi'l mafter exposure
bakm@f G af RS PWI81eaLe 1dhiRDIARG MO IQ honed By PEBs oy
treatment under the conditions at 115C for 90 seconds,
thlcth%Sl%%squ il mwas devel oped with the al kaline
devel oper solutlon at 23C for 60 seconds |eaving the
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pattern conflguratlon was simlarly observed. As a

conceRE G Oming O Pg i PYaRESd | Feierite IHhehento the resist

af orenmentioned pattern profile was detected.
film with a spinner, and heated at 90°C for 60 seconds to form

a 70.0-nm thick protective film.

Next, using the exposure system Nikon-S302A (manufactured
“by Nikon Co., Ltd.) with an ArF excimer laser (wavelength: 193
nm), a patterning light was irradiated onto the resist film
through the mask pattern. Then, as ligquid immersion
lithography treatment, while rotating the silicon wafer having
the resist film exposed, pure water at 23°C was continuously
dripped onto the resist film for 2 minutes. This step
corresponds to the step in the practical production process in
which the resist film completely immersed in the liquid is
exposed. However, based on the above-mentioned analysis on the
liquid immersion lithography method, the complete exposure
performance in the optics has been theoretically guaranteed,
such that for achieving an evaluation of only the effect of

the immersion liquid on the resist film, the étep with a



The di nensional fluctuation rate owwng to stand in a
2.0- ppb am ne atnosphere at this tinme after exposure
was 0.53 nnmimn. Exanple 3475 Wth the exception
that a material for formng the protective filmwas
prepared by dissolving a copolyner conprising the
simployfildd ddrifirgunatteidbrahcohaddampsesantiad 4y fiihest the resist
chem cal fornmula (100) as the constitutional unit (the
film N et dadedvedrghtpurse Ldt800,a Rsse s talde hiyteagen quid
atons, and the nole ratiois x:y = 50:50 (nole
(lmme&&rlccﬁnu):) i) 1Q%dpp INRsS 10f tthe CONEIOUNCE T eprLsent ed
by the f ?Iomﬁng chem cal formula (105) shown bel ow
expoditative to this copolynmer in 2-nmethyl-I-propyl
al cohol and adjusting the resin concentration to 2.6%
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observed by entirely the "same technique as that in
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e exception that a nater
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tetrar&el"cqwlna%&r?oqu%n?Ciﬂpc!ror;?lpc{ee%ﬂgg &ylﬁ{'lon was used. By this

development process, the protective film was completely
removed and an excellent resist film development could be also
realized.

The resist pattern thus obtained having 130-nm 1:1 line-
and-space was examined under a scanning electron microscope
(SEM), and, as a result, this pattern profile was found to be
of an excellent rectangular shape.

After subjecting the substrate, which had been exposed
and dripped pure water, to stand in 2.0-ppb amine atmosphere
for 60 minutes followed by a similar development treatment as
described above, the resist pattern configuration was
similarly observed. As a result, no significant difference
from the aforementioned pattern profile was detected.

The dimensional fluctuation rate owing to stand in a 2.0-
ppb amine atmosphere at this time after exposure was 0.53
nm/min.

Example 5



chem cal fornmula (100) as the constitutional unit (the
nmol ecul ar weight is 13,800, R5s are all hydrogen
atons, and the nole ratio7$s x:y = 50:50 (nole
percent)) and 10% by mass of (CAHOSO2)2NH relative to
this copolynmer in 2-methyl-I-propyl alcohol and

adli ust kR theepesbhR €aREeRt hAkle@n a0 £&.r6 %N iMRS Thel6
the resist pattern configuration was observed by
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a result, regardl of whether performng dry etching
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result, the_obtained resist pattern having a 130-nm
[Cheﬂ?ﬁallfﬂgmﬁﬁa-§8$ce was of an excell ent rectangul ar
shape, and no
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As a result, regardless of whether performing dry etching
for 60 min or not, the cobtained resist pattern having 130-nm
1:1 line-and-space was of an excellent rectangular shape.
Example 6

With the exception that a material for forming the
protective film was prepared by dissolving a copolymer
comprising the cyclic fluorinated aicohol represented by the
chemical formula (100) as the constitutional unit (the
molecular weight is 13,800, R’s are all hydrcocgen atoms, and the
mole ratio is x:y = 50:50 (mole percent)) and 10% by mass of
(C4HeS0,) 2NH relative to this copolymer in 2-methyl-1-propyl

. alcohol and adjusting the resin conceﬁtration to 2.6% by ﬁass,



decrease in the filmthickness was observed.
Furthernore, the resist pattern configuration was
simlarly observed after tRe substrate which had been
exposed and treated with dripping pure water was
subjected to dry etching in a 2.0-ppb am ne
the mdamospherte: dor dGhMigutzs drolvaonwethsdyvead dhymdradrirely the
devel opnent process as descri bed above. As a 77
same IMesiHiiqu & gilidt dantEsdinffler ence in the pattern
profile from the aforenentioned one was observed.
Exanpl ee&ulitt, h e releept iodn whiather mairddradidordry etching
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for &b $80 Wmntat ,capnd WiHa irefd Sidg gdheceped ittaving a 130-
fluorinated al cohol represented by the chem cal
nm 1:formda {riQp A% the L Qstdd Wil e tedtdiyular shape.
nol ecul ar weight is 13,800, R5s are all hydrogen
ExampAleOns, and the nmole ratio is x:y = 50:50), and 10% by
mass of ClOF21CO0OH and furthernore 0.4% by mass of a
COROURG J @RIR3RNILd thn ! he e ehamGall fRMHAAM(iHP)the
relative to this copolynmer in 2-nmethyl- 1-propyl
protahdle AR Al YSIdNG dDG a8l dLSONGENLT dom 2. 6%
by mass, the resist pattern was subjected to the
compﬂ%\éﬁlcf%“ v QC eSS d MR & &l Yo A Brrd fr s @ PASEd he
and treated by dripping pure water thereto using
: ct S t ' { ; ri j
chem Zln'pﬁ&’erﬁgl%angl%) %@@ﬁ%or?%cﬂ%l&?éf drple@ {{he

exam ne or this resist pattern

molecglg{}{ﬁ Q5 hitor}us 386(?,3 E’ts’ .ag%e ad t@f&\&gg)%?glzia? maSﬁ and the

ern ving 130-nm‘1: 171 i ne-and-s
excel l ent _ rect r shape,.and n (of § el
mole AWM Rt ies s \;\agg%@tfsearrbcg&o 5 rby rgagg oPaLsszl%OtdiF and

furthermore 0.1% by mass of a compound represented by the
chemical formula (105) relative to this copolymer in Z-methyl-
l-propyl alcohol and adjusting the resin concentration to 2.6%
by mass, the resist pattern was subjected to the development
process immediately after exposure and dripped pure water
thereto using exactly the same technique as that described in
Example 4, and examined for this resist pattern configuration.
As a result, the obtained resist pattern having a 130-nm 1:1
line-and-space was of an excellent rectangular shape, and no
decrease in the film thickness was observed.

Furthermore, the resist pattern configuration was
similarly observed after the substrate which had been exposed
‘and treated with dripping pure water was subjected to dry
etching in a 2.0-ppb amine atmosphere for 65 minutes followed

by a similér develcpment procéss as described aboﬁe. As a



Furthernore, the resist pattern configuration was
simlarly observed after the substrate which had been
exposed and treated by dr7pping pure water thereto
was subjected to dry etching in a 2.0-ppb am ne

at nosphere for 65 mnutes followed by a simlar

resul@?VQboﬁﬁgﬁﬁfﬁk%&&S%ﬂ%ié?@ﬂ%@ hed taRORIt t A% AESUld  From
no significant difference in the pattern profile from

the alfbecabarewRRld prd QRe MRS JR3erved. 78 Exanple 9
Wth the exception that a material for formng the

Examplkogective filmwas prepared by dissolving the
copol ymer conprising the cyclic fluorinated al coho

rgpegsented. by then gggigahﬁkg&gahaf%&o%brﬁan ®he

constitutional "unit nol ecul ar wei ght is I3, 800,

eroceR L1 h (G RER Shoes, Mady St
UL 8%
conprhUSHASHIR 038 B4 S0 9 SOTROAP S SARALF Pl

chems EAROIRIIEN FpoTety bl Lol kool and adjust | ng

resin concentration mass esl st

. ' st h d |
sotecBIRLELEIRS JUPLTLE, | LG cORYS! DMERLR BEEER, orc e

Pedi'a er’i
note 5LREL 19 UL Nl oLl e U9 SRl Lhec SRy op
rurentfhoshhS SEB Pl LI, cOMLGUALION Se. 8 o3yl
cnens GRS IR205 0180 2 B iSo b Lectangulof shape, )
1-prog§&t2%2ggg%’a%%?a%%%gian%a%E%rQégygié%ﬂéggé¥5€%§% to 2.6%
by mass, the resist pattern was subjected to the development
process immediately after it was exposed and treated by
dripping pure water thereto using exactly the same technigue
as that described in Example 4, and examined for this resist
pattern configuration. As a result, the obtained resist
pattern having 130-nm 1:1 line-and-space was of an excellent
rectangular shape, and no decrease in the film thickness was
observed.

Furthermore, the resist pattern configuration was
similarly observed after the substrate which had been exposed
and treated by dripping pure water thereto was subjected to
dry etching in a 2.0-ppb amine atmosphere for 65 minutes
followed by a similar development process as described above.

As a result, no significant difference in the pattern profile

from the aforementioned one was cbserved.



simlarly observed after the substrate which had been

exposed and treated by dripping pure water thereto

was subjected to dry etchidg in a 2.0-ppb am ne

at nosphere for 65 mnutes followed by a simlar

devel opnent process as descri bed above. As a result,
Exampi@ f gnificant difference in the pattern profile from

the aforenmenti oned one was observed. Exanple 10 The

r gsich corpexeriptiaci dhgener abakeriaid Mirt rfegeringd the

cont ai ni ng organi ¢ conpound shown bel ow were unifornly
proteditSsel vEdn wa pragtad 36/ Widsdlor fie pare cogEiSinstr

conmposition. As the resin conponent, 100 parts by mass
comprdfs itrRe tHRORSIYINRY fAomrirsi g tdieqaiistidpid analedinit the

represented by the chem cal fornmula (106) shown bel ow

chemi¥RSl UG lEhe Iat) afrhd hreanstididrnanalnimni tshd 1, m
and n) used in preparing the resin conponents were 1

molecnl®®d MRi%ntmis 3G mdp atid Bre 20 1M %rogeEhefical, and the
formula 31] mn 0o O OO0 OOtL 1.06) As the

mole a.c%'t‘icg%rber@tf §O FPar Py BSSy Hass of C19F2:CO0H and
tr|phenylsulfonlun1nonaf|uorobutane sul fonate and 1.0

furt Ao Y o MBS S PiniPheny mpgim} ﬁ@(}?ﬁ@éé’%éc@%%gﬁhe

trifl uoronethane sulfonate wer e use as t
cheml(yag_arfocrnﬁﬂa e(n_LtOS agel%‘@lhye to the this copolymer in 2-

methyl-1l-propyl alcohol and adjusting the resin concentration
to 2.6% by mass, the resist pattern was subjected to the
development process immediately after it was exposed and
treated by dripping pure water thereto using exactly the same
technique as that described in Example 4, and examined for
this resist pattern configuration. As a result, the obtained
resist pattern having 130-nm 1:1 line-and-space was of an
excellent rectangular shape, and no decrease in the film
thickness was observed.

Furthermore, the resist pattern configuration was
similarly observed after the substrate which had been exposed
and treated by dripping pure water thereto was subjected to
dry etching in a 2.0-ppb amine atmosphere for 65 minutes
followed by a similar development process as described above.
As a result, no significant difference in the pattern profile
from the aforementioned one was observed.

Example 10

The resin component, acid generator, and nitrogen-



mass of the m xed sol vent-water solution conprising
ethyl lactate and propyl ene gl ycol nononethyl ether
acetate (mxing ratio 4:6ygwas used. In addition, for
the nitrogen containing organic conpound, 0.3 parts
by mass of triethanolam ne was used. The resi st

contaGATRGS AR 1Rf CRARRARS JRAA! IhAbARRYS Wi sdispd, t O

formthe resist patterns. First, an organlc
disscBRkl el &el e LlMeamRas! toR AR t name,
T2 ranuf act ur ed fnéremer o, EHS was appﬁqér on the

si:li.egn  wafer using a spinner and dried by baking on

Compo "hot plate at 205C for 60 seconds to forma 77-nm

tﬂkc%hgrgggﬁﬁ c%ﬁ%bﬁ%%%ecﬁoﬁepﬁﬁkg‘b %ﬁs§}%%'&%% st

conposi tion onto I'S tireflective film

copo el BrtRIGL o 60 B e ik © SRR t
cre chEBUES gl L P SR, S e g ot o

che JJPESBhi5g0g! SETHIP A7 SR Bl RIS ene
resingFEREe efn'%?%{ﬂ% %ﬁcy—"é‘is%"gﬁé%%i"%ﬁﬁi?btwp §naPdum = 20 mols.
Cheéthe Iecu ﬁglght is 13,800, R5s are all hydrogen

L6, TaREY ﬁe le ratio is x:y = 50:50) and 10% by
mass of CLOF21000H rel ati ve to this copolyner in 2-

nethyl-l-propyl
o o 0
E ob @‘ o

(108)

As the acid generator, 3.5 parts by mass of
triphenylsulfonium nonaflucrobutane sulfonate and 1.0 part by
mass of diphenylmonomethylphenylsulfonium trifluoromethane
sulfonate were used. And, as the organic solvent, a 7.0% by
mass of the mixed solvent-water solution comprising ethyl
lactate and propylene glyccl monomethyl ether acetate (mixing
ratio 4:6) was used. In addition, for the nitrogen containing
organic compound, 0.3 parts by mass of triethanolamine was
used.

The resist composition prepared as described above was

used to form the resist patterns. First, an organic



referred to as substrate for assessnent 2. Next, after
the substrates for assessnent 1 and 2 were .irradiated
with the patterning light 8hrough a mask pattern wth
an exposure system N kon- S302A (manufactured by N kon)
using ArF exciner |aser (wavelength 193 nm, the

ant i vegSpestivee figubsicmices tiemne "eRact gg ruidurt3mane of
pure water at room tenperature for 5 mnutes. After

manufiake @ed a6t BMscGoneant nated el faglud)ied i Ghe silicon
concentrations of the extracted ami ne, and those of

wafer®Xiaet 8d spidilcanNsmndArRiony assumRd do dercayset dyut
the acid generator were quantitated by the capillary

205°Cek89t€@p585855§ HBS§orﬁp§CWWDHﬁtEMlERtBQéanIGe results
are shown in Table 1 showmn below [Tablé 1] Substrate

ant1§€¥1e§%ﬁ§&§@ﬁﬁﬂfOrThéﬁse%ﬁgeﬂbslsﬁségﬁﬁﬂgﬂkl%n was applied
Extracted Am ne 0.07 <0.02 Concentration Extracted

onto @"1’1 o%n%%r%ﬁ%c%lv@'}q@ﬂ{ ru%tlan_}n Eddiaiad AHOMARD by

Concentration (Unit: ng/cn2) Each value on the

ore S 3 S Aot s fuat e e
225~nﬂp%ﬁﬂﬂﬁx¥e§¥§€“§ilm. The resulting coated substrate was
referred to as the substrate for assessment 1.

a material for forming the protective film, which was
prepared by dissolving a copolymer comprising the cyclic
fluorinated alcohol represented by the chemical formula (100}
as the constitutional unit (the molecular weight is 13,800, R°s
are all hydrogen atoms, and the mole ratio is x:y = 50:50} and
10% by mass of C19F21CO0H relative to this copolymer in 2-
methyl-l-propyl aicohol and adjusting the resin concentration
to 2.6% by mass, was spin-coated on the substrate for
agssessment 1, and heated at 90°C for 60 sec to form a 70.0-nm
thick protective film. The resulting coated the substrate was
referred to as substrate for assessment 2.

Next, after the substrates for assessment 1 and 2 were
irradiated with the patterning light through a mask pattern
with an exposure system Nikon-S$302A (manufactured by Nikon)
using ArF excimer laser (wavelength 193 nm), the respective
substrates were extracted with 35 ml of pure water at room
temperature for 5 minutes.

After the extract was concenfrated {50~-fold), the



These results clearly denobnstrate that, in the liquid

i mrersion |ithography process, the elution anmount of
the resist conmponent intogthe liquid inmersion nedium
is suppressed by providing the protective film
conponent according to the present invention.

concarMiPUSTRIAL APREHCARIHATE A5 LBSE,1 hed abde 4N dsheracted

present invention, even when a resist filmis formed

catiohs %dea%)ﬁl%@lm@s\ﬁniéﬁﬁth e HaBed WM td O &herator
even though any imersion liquid, in" particular,

were WS 18R d YO ke cQpANI NG JRAUBA S dised ddss the
i'mrersi on |ithography process, a high precision resist

spect%ﬁnte%&” GRRHRE. Ob&ﬁb”‘fg whth ﬁ?es'é%%' NG TLRTeSYN fsACkn
roughnéss, e.g., T-top orn] sensitivity,
belowEXcel lent resist pattern proflle configuration,
excel l ent depth of focus and excellent exposure
[Tabi®® ﬁln excel | ent post exposure stability in dry
et ching process. Therefore, the use of the protective

filmaccording tjo th% Jpresent, Hpventlcn nagggs£rate for
possible to effectlvel forn1a ési st pat t eF R~ UST ng

the liquid inmersion ess

I t ho h
1 A material for forz?‘r?l?l E it pL?Etect |p\7’egef%ﬁ“}ﬁn¥52

formed. on a2 reslist film used in aliqud
EXT 1At oimiR% hogr aphy pro@e@g conpri i ng propePt Pés,
wherein the progerties are transparendy to the
CGRsrat 19% ght joeam substantially ingsolubility in

water, and al Kal]l -

Extracted Cation 18.0 <1.2
Concentration

Extracted Anion 10.0 <l.2
Concentration

(Unit: ng/cmz)

Each value on the substrate for assessment 2 indicates
that the results gave values below the detection limit by this
analytical method.

These results clearly demonstrate that, in the liquid
immersion lithography process, the elution amount of the
resist component into the liquid immersion medium is
suppressed by providing the protective film component

according to the present invention.

INDUSTRIAL APPLICABILITY
As described above, in the present invention, even when a

resist film is formed using any commonly used resist




solubility. 2. The material for formng a resist
protective filmaccording to claiml, wherein the
liquid inmersion |ithograpRy process has a
configuration so that the resist pattern resolution is
i mproved by exposing the resist filmto the
compddittiegr aphy evexpasitneyH isght iwmders itdre ldendid, dns i n
whi ch the predeterm ned thickness of the liquid for
partidQurd iwaRSizen |fhhkegmapiyontahinhireiiidie are used in
refractive index is higher than that of air and
the isfRId=Alort Nan Hdpta iy tdiedeesd Sta fHigN iggrd diteirore nesk iatt
| east on the resist filmin a path of the
pattdrd Regr arhightexprsuna di gl sufeRahinmg fidies rasd Sdcd il m
. 3. The material for formng a resist protective film
roughee®,didng . ,t @&l ckm Wielgi nsdhs expashr etdditens a
l'ight having the main wavel ength of 157 nmor 193 nm
resist pHe dBf i i fOTodrd il B JrESiSlcdiNtaCtdaiee id M focus
according to claima1, erein a base polyner of a
and 8219k ROPPRI N o gidf ULBAG de JRH Sdxdddurd S a
pol ynmer containing (neth)acrylic acid ester units. 84
'stabi@‘itypg_lrﬂgztﬁ 'eaécﬁi_q{r% FJEdG: 8 TRekSloREO! Gl VR el 'glfmthe

acc to clal , Wherein a base pol yner of

protdihdl [GARPASIAd.ON Jleo FAIINIGddit TRy fdd MdSod it
pol ymer having constitutional” units containing an
.aGi d.an i [ ylig aci T erjalysquid
poss e R A B L B e U e Sl TR S e
. cl.aim.1, .wherei.n se polymer of a resist
lmmeﬁﬁﬁ%%&fﬁﬁﬁ?ﬁ%ﬁhy (#hn%ﬁgahe resist filmis a polymer
having constitutional units containing a phenolic

hydr oxyl group.



7. The material for formng a resist protective film
according to claiml1, wherein a base polyner of a
resi st conposition for fogmng the resist filmis a

- sil sesqui oxane resin. 8. The material for formng a
resist protective filmaccording to claim1, wherein
a base polynmer of a resigfp¢m@gposition for formng
the resist filmis a polynmer having a-

1. A(ﬁ¥959¥¥§|EMk)ﬁefﬁkhgeQCkgsHthﬁzo%ec%gge"§ﬁﬁhﬁ@brﬁ%ﬁ on a

formng a resist profective filmaccording to claim

rems’c fher %' &} %Slg@sgnp% ﬁﬂs L grmf GRS Y Hocess

form ng t e resi st avi ng

COMPrgsﬁﬁgb?é%ﬁe%tﬁ%'d nmonoest er unlts 10 The materia

aresdist protective film accordlng to

claLm, ¥§’ﬂ8r g%ﬁpérk&?%g LY B {pa%erh% 8c%e exposure

conp05| ion f € resi st
|tut|onal un|t

. havi_ng a I I| qubIe const. _
llghtc%r?taéni ni Hé)sgr? gl S'Léfl nSC)lr %’uélﬁcé]w ng Vbotteh ofar(d )alkall

solub&hu rine atomor a fluorlnated al kyl group and (ii):
Feohol i ¢ hydr oxyl group or al kyl oxy group. 11.
The material for formng a resist protective film
according to claim1, conprising a conposition

cont aj ni n ast ,a fluoropol yner an
2. 5"NEEERG  oFoni Eognifar it AGSaoFLBTGF hLoPELtNE PRerding
accordln% to claim1l, wherein the quoroponner is a
to Clﬁ&F‘yPrer St $ig éq&?& & o Bl lddhsld r@éﬂﬂé%‘?ﬂ%%ss
y the follow ng eneral fornula (100) as
has ac&ﬁ§?ﬂ€@?@6ﬁ8@ &R Chtohdd dasitdr matdenr reSOLUtlon is

improved by exposing the resist film to the liithography
exposure light under the conditions in which the predetermined
thickness of the liquid for liquid immersion lithography , of
which the refractive index is higher than that of air and
smaller than that of the resist film is intervened at least on
the resist film in a path of the lithographic exposure light

reaching the resist film .

3. The material for forming a resist protective film according
to claim 1, wherein the exposure light is a light having the

main wavelength of 157 nm or 193 nm.

4., The material for forming a resist protective film accocrding
to claim 1, wherein a base polymer of a resist composition for
forming the resist film is a polymer containing {meth)acrylic

aclid ester units.



F2FHHZF2 FH- C/IG\A4A+C-C/GC/CA x HYy
F2 CCHR F2 CCH2 CC F3C\ORS F3C O’ (1 0 0 ) 13.
The material for formng a8tesist protective film
according to claim 12, wherein the polyner containing
the cyclic fluoroal cohol as a constitutional unit is
di ssolved in an alcoholic solvent. 14. The materi al
for formng a resist protective film according to

5. Toleam@tkliaflurbheroeanpr 2 ngsd skl paveearhee &6 1m according
conmpound. 15. The material for form ng a resi st

to clyiol ect it ddilrima aneny didigymicdr o Aian dds i sthetaigbd higion for
fl uorocarbon conpound is a fluorocarbon conpound

formi@prasetad oy i genes go Tl ren « 20 )corshomtu bbb o
(CnF2n+1S02) 2NH (201) wherein n is an integer froml

unitd GontalbhinPadrederd And@ir fof MMt 485461 1 derd | ve
film according to claim 14, wherein the fluorocarbon
conmpound is a fluorocarbon conpound represented by
the general fornula (202) shown bel ow. CnF2mt+l COCH

6. TheDzhtWhenel B irS @A nignte 3 s ifstoMr d@ it flidm H&ording
material for formng a resist protective film
to claim 1, wherein a base polymer of a resist composition for

forming the resist film is a polymer having constitutional

units containing a phenolic hydroxyl group.

7. The material for forming a resist protective film according
to claim 1, wherein a base polymer of a resist composition for

forming the resist film is a silsesquioxane resin.

8. The material for forming a resist protective film according
to claim 1, wherein a base polymer of a resist composition for
forming the resist film is a polymer having o-

{hydroxyalkyl)acrylic acid units.

9. The material for forming a resist protective film according
to claim 1, wherein a base polymer of a resist composition for
forming the resist film is a polymer having dicarboxylic acid

monoester units.

10. The material for forming a resist protective film

'according to c¢laim 1, wherein a base polymer of a resist



according to claim 14, wherein the fluorocarbon
conpound is a fluorocarbon conpound represented by
t he general formula (203) gshown bel ow. [ Chemi ca
formula 2] so2 ~F2CY /NHSO®2 . . . . . . . . (203
wherein o is an integer of 2 to 3. 18. The materi al

compofsq_rt_:'Lfc>(f‘1r 'fid}_gni&hgr _ecst.eStre%ri%tte il v ifd |amp§371yn?é:§ Q{éﬂ\}lr}g; th

claim 14, wherein the fluorocarbon conpound is a

alkalfil-gonegarbon commoynd rapresented, by e 0] lowdg e
RS oW |

general fornula (2 own bel ow em cal formula

group\?\k]?é—ﬁr‘é"ﬁr?‘ WRATGs tl(ij':' & Nguoﬁrge ga;to& cirs'aa'nfla.}ci@jfr{a?@e@

pis an integer

ar riially ar ti el ' e | r
by 15630 PR Tk, ¥ BT S S fambgn oy
groupgroup, al koxy group, carboxyl group and am no group.
19. The material for formng a resist protective film
' according to claim15, wherein the fluorocarbon
compound represented by the general fornmula (201) is

11. f}a{ahﬁ% 8%%2;’E’gﬁg%?r%gggoére%%%%@t ed Ry Lhe chemcal
according to claim 1, comprising a composition containing-at

least a fluoropclymer and a solvent.

12. The material for forming a resist protective film
according to claim 11, wherein the fluoropolymer is a polymer
comprising a cyclic fluorcalcchol represented by the following
general formula {(100) as a constitutional unit.
[Chemical formula 1]

F, F H H, \ F» F H \

. - x : / Hz / y

C H - FC CH
2 \\\C’/,' 2 2 \\\C//, 2

F3C/ '\ORS Fac/ \0R5 (100)

.13. The material for forming a resist protective film
according to c¢laim 12, wherein the polymer containing the
cyclic fluorcalcohol as a constitutional unit is dissolved in

an alcoholic solvent.

14. The material for forming a resist protective film

éccording to claim il, further comprisihg a fluorocarbon



(CAF9S2) 2NH (205), or the chemi cal fornula (206)
shown bel ow (C3F7SQ2) 2NH (206) 20. The material for
formng a resist protectiv8&6film according to claim
16, wherein the fluorocarbon conpound represented by
the general fornula (202) is a fluorocarbon conpound
compdigRi.esented by the chemical formula (207) shown bel ow
C1OF21000H (207) 88 21. The nmaterial for formng the
resist protective film according to claim17, wherein
the fluorocarbon conpound represented by the genera

15. freenibact203) fbs @okhiagosarken stCerpoward ikepresent ed
by the chem cal formula (208) shown bel ow [ Chem cal

accodd@P @ H1diGF2-4502hGRA d Nhe \Q 2rdQ2bon compound -is a

(208) 22. The material for form ng the resist

fluoﬁc%&%ﬂ orfdduRd acsrdidigd® ) alne Ifnaher efdrblies (201)

| uorocarbon conpound represented by the genera
showﬁ(ﬁéﬂgdi (204) is a fluorocarbon conpound represented
by the chem cal formula (209) shown below. [ Cheni ca
f qr /ﬁﬁz CFR3010\ /N-CF2 i F2- COON CF2- CF2
ey o

wherein n is an integer from 1 to 5.

16. The material for forming a resist protective film
according to claim 14, wherein the fluorocarbon compound is a
fluorocarbon compound represented by the general formula (202)
shown below:

CuF2r+1CO0OH (202)

wherein m is an integer from 10 to 15.

17. The material for forming a resist protective film
according to claim 14, wherein the fluorocarbon compound is a
fluorocarbon compound represented by the general formula (203)
shown below:

[Chemical formula 2]

SO,

(F2Ci:: ::NH

SO7  + 0t 0 v v o (203)

wherein o is an integer of 2 to 3.

18. The material for forming a resist protective film



23. The material for formng a resist protective film
according to claim2, wherein the liquid for use in
liquid imersion lithograghy is water substantially
containing pure water or deionized water, or a
fluorinated solvent. 24. A nmethod for form ng a resi st

acco Co::_rrl%}ert'?) us gn a4, %&eﬂmé'ﬂ%éfé AP ol cﬂ%?c?sls a

rising t e st'eps of: forming a p otoreS|st fil

£luor¥:ApuP s eLTncf q:rerBrrégseg‘tthcgt}:%ptﬂﬁlee féfljfrBuPﬂ% '”l%neral

phot or esi st musin e materl a

fornm?h %QM] %H%%ﬂnggf§”dlng to any one of clains 1

placing directly the liquid for use in the

Chenbkgﬁk%orhquregon l'i thography in a predeterm ned

ness ast on the protective filmof the
substrate lamnated with the photoresist filmand the
prote ?E§§ film selectively irradiating light to the
phoporesigt fhd m through the liquid for use in the

i qui rsion |ithography and the protective film
per f on@fr: a heat ,treat ment, iyf ajrecessary; and appl yi ng

a developnent 5rbéeé§ to t e protectlve filmand the
phot oresi st filmusin the 2%ballne devel o e sol ution

Where&& Pad-5t ¢7sitMH % e &% hie® bt eIF7

and obtain the reS|st patter
partially or entirely substituted with fluorine atom(s), and

may be substituted with a hydroxyl group, alkoxy group,

carboxyl group and aminoc group.

19. The material for forming a resist protective film
according to claim 15, wherein the fluorocarbon compound
‘represented by the general formula (201) is a fluorocarbon
compound represented by the chemical formula (205) shown
below:

{C4F9502) zNH (205), or
the chemical formula (206) shown below

(C3F450;) ;NH (206)

20. The material for forming a resist protective film

according to claim 16, wherein the fluorocarbon compound -
represented by the general formula (202) is a fluorocarbon
compound represented by the chemical formula (207) shown below.

C10F»1COCH (207)
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21. The material for forming the resist protective film
according to claim 17, wherein the fluorocarbon compound
represented by the general formula (203) is a fluorocarbon
compound represented by the chemical formula (208) shown below

[Chemical formula 4]

CFp=—805
< N
CFs NH
AN 7
CF—S80; =« + o v v o & (208)

22. The material for forming the resist protective film
according to claim 18, wherein the fluorocarbon compound
represented by the general formula (204) is a fluorocarbon
compound represented by the chemical formula (209) shown below.

[Chemical formula 5]

CF,—CF,
N——CF,—CF,—COOH
s
CFp,—CFy

CF2 e vv v+ {(2009)

23. The material for forming a resist protective film
according to claim 2, wherein the liquid for use in liquid
immersion lithography is water substantially containing pure

water or deionized water, or a fluorinated solvent.

24. A method for forming a resist pattern using a liquid
immersion lithography process comprising the steps of:
forming a photoresist film on ‘a substrate;

forming a protective film on the photoresist film using
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the material for formingra protective film according to any
one of claims 1 through 23;
| placing directly the liquid for use in the liquid
immersion lithography in a predetermined thickness at least on
the protective film of the substrate laminated with the
photoresist film and the protective film;

selectively irradiating light to the photoresist film
through the liguid for use in the liquid immersion lithography
and the protective film;

performing a heat treatment if necessary; and

applying a development process to the protective film and
the photoresist film using the alkaline developer solution so
as to simultaneously remove the protective film and obtain the

resist pattern.




