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BACKGROUND ART ConventiGHEHE EIEEPhography net hod

has heen used in fabricating fine structures in a .

vari DEesES tofl ndeaEEPBnre L 2B8di besa Jirtrpial for use in

sem conductor devi ces and |iquid crystal_ _devices. .
forRiRg 6t  re¥Hethddd ™ drraRedrblvaberdalnon biqpidi mersion
_patterns in |ithography processes has_arisen as device
11EROYRIRRE PIRRRS Dedd! HATtdCidrFed thar 1pReddninnersion
.host advanced areas nowadays, for exanple, the )
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enhanced by exposing the resist film to light through an

intervening liquid in a predetermined thickness whose

refractive index is 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 exposure light reaching the resist
film, and a method for forming a resist pattern using the

material used in forming the protective film.

BACKGROUND ART

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

At present, in the most advanced areas nowadays, for

example, the lithography method can form a fine resist pattern
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which has a line width of about 90 nm however, a
finer pattern formation wilh be desired in the near
future. To achieve micro-fabrication of patterns of
line widths finer than 90 nm the success of the

whaley elppnents of W dtRNRlFoLLLRI6EPRY nﬁﬁﬁé@&: ’argd Aner
resist suitable for the nmachine I's e nost 1 nportant
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inizgegsfrcfgvi%giNoZQazlrainseetsh%q-ie ?prTo}}g\_'(LFe}no?:%at the depth of focus
is reduced even if resolving ability is improved because of
the trade-off lies between resolving ability and depth of
focus,

Recently, as a lithography technique enabling the
solution of such problems, a method referred to as a liquid
immersion 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 liguid) such as deionized water ox
fluorinated inert liquid is placed on at least a resist film
between the lens and the resist film on a substrate during

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

such as air or nitrogen used in a conventional method, a
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3 liquid wth a larger refractive index (n), for
exanpl e, deionized water is placed in the exposing
| i ght beam path space so.as3 o achi eve higher
resolving ability and no reduction in depth of focus
M th the use of a light source wth the sane _
Ligv el ¥hhhn2 oo ¥9Rr cerfkantiomlinclex dnen fbr ckamplbe,
wavel engt hs or any high NA [ enses are used. This
defppdzad Hakesi b B3 atryriapHiihed reawm sipecilabhat bea i pah
because it enables the formation of resist patterns
SPRFPhSa - 2R Refchieed iikghabitdsolvdimg sbpddigr adéphd of
focus at a |l ower cost even if the |enses attached to
regpgtégnsinnderbl v hiefocue wiswd. thiomsepatdnt doghteatutce
Journal of Vacuum Science & Technology B (J. Vac.
Witk thyeepmel vaByl¢nguibl ds hete iconwernSiAnkl oh898yeNOLE
17, No. 6, 3306-3309); Non-Patent Docunent 2: Journa
shetyacwaneSengbbe & deghnodwgih BdnkesVace Sekd.,
Technol . B) ((published in) US A), 2001, Vol. 19,
No. '@h13353q12356])mamﬁchbn}iﬂaicﬁjﬁapﬂ§ﬁldﬂﬁms 8pecial attention,
Proceedi ngs of SPIE ((published in) US A), 2002,
beyglsel961enabhed6Bhe Homewet ion Nodt e d iUl th@RFBES|9Ah a
lithography process, the resist filmis directly in
highetracesnilvhing habibf tacahd esvpaiedor |ddpd off FaRLSI 88 a
l'iquid) during exposure, and hence the resist filmis
loygknepal even Lfivelse ohedyes hetdd shdl.tol S, existing machine
conventional resist conpositions need to be tested to
argevgedi-ne whet her they can be used in the liquid
i mrersion |ithography. Currently used resist
conplentpahsnhadeclmesnt ebi aldushad of Vacuum Science &

Technology B (J. Vac. Sci. Technol. B) ({published in) U.S8.A.}),
1899, Vol. 17, No. 6, 3306-3309);

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

Non—pateﬁt 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
liguid (immersion liguid} during exposure, and hence the
resist filﬁ is vulnerable to invasion by the ligquid. Thus,
conventional resist compositions need to be tasted to
determine whether they cap be used in the liquid immersion
lithography.

Currently used resist compositions have been established
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TKYF- 058 4 through extensive searches for resins
providing with the nost essential property which has
transparency to the exposure4 light. The present
i nventors have conducted experinents in an effort to
obtai n resist conpositions having suitable properties
thrgpolysextrens i i sPasanasifor [Hesiogr aphyidimgtwith the most
determine if conventional resist compositions can be
esgeRHlRh PTORRNTY ivinetsihas [tnamsgeaphgywiohtbe ekpdroute
,Slight nodifications. As a result, it has been found
1ighht privhimnasgntr dsiventosspbeivei onsdficiond eespeaciierdls in an
point of view are available. On the other hand, it
efhastbbenclebain raesi sthatomprerid 1care havingbenibébl@si st
conposi tions which cannot achieve sufficient pattern
PIrppesLues ohor nus¢ gin dligmiet simwedsitdnodriapbyraghe &wndato
change in their properties by the Iiquid, but which
deggkmbne Lfneenvent ommerresisat Wagoatitlichy canobdi Beed in
l'i t hography by exposure through a layer of air. Any of
lignddeimmess son chiposgtimng widsh heenidewakopedghy
expendi ng significant devel opnment resources, and has
nogdfiioatibasor dd @ weasildt, propest besn FBEh8dtRQ: promising
transparency to the exposure [|ight, developability
regidtstompgelsians| ftym Therartyca digpadeanirage qf athese
resi st conpositions is the lack of resistance to
aviidebdeon In quhe.otSone exanplies hefs besROsbHAF OAfed WMHh there
are not suitable for the liquid imersion |ithography
ansue avhbewveolii gheist esahpoaii bddid ivhidi ddi@iot achieve
l'ithography through a layer of air are shown in the
descri bed bel ow. Even for the aforenentioned resist
duei [om Bntbadgd Lorthegr 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
8ignificant developmen£ reSOufées, and has vafi;ﬁéifaéorable
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 aix are shown in the Comparative Examples
of the present invention described below.

Even for the aforeméntioned resist film intended for use

in liquid immersion lithography, the quality and yield of non-

TKYF-058



in liquid imrersion |ithography,
of non- TKYF-058 5 detective products have been
proven to be | ower when the5 conpositions are used in

liquid imersion |ithography than when used in comon

l'ithography in which the resist filns are exposed via
defaBt@vé payehict I thevalherre vy eaf Gioeleniicvasdwben the

requi rements of conventional resist filns for the
conpb8llt SohSMREST aSed i 1harapiy , inndws ol [1dkhagrapRYy yisian

I's conducted. Specifically, for evaluating the .
whehotRBEI oA ebmAchesishogpapiterim byhighydite ineraEsi fRimS are

lithography, it is considered to be necessary and
expslli ¢hiantint @ieonbiem three points: (i) the

performance of the optical systemin the liquid

| MTBELS QR 1 ubi-bheseaphyr setfothnéd | Jedquier eafefrdst o6f t he

resist filmon the inmersion liquid, and (iii) the
cofhange.ff1 propest i esie tdie iesi siqdid nimertion B thography,

Imrersion liquid. (i) As clearly understood, for

th@xﬁgﬁcﬁaiﬂg{‘ dhe sase 16f condereeds assunmed where a
phot osensitive plate for photography, whose surface

IS Wal Al OOy, SdrTEvegedtinbothat goraation of a resist
patterning |1 ght beamis irradiated onto the surface,d
S 11 8uPdi NEhdtSidp 1daHegnaighly  r dspeest considered to
pa%%?%? %f), ?%at is the performance of an optical
peSYaLeNkal-PabnfO0sRE PP A O ISontfrinatrieghtpoints: (1) the
transm ssion | oss occurs on the water surface and at

peEESr{th‘éé,f agechet ypedcihesydtai Bnd i disyridadenctsibe
photosensitive plate. In this case, |light transm ssion
lfﬁﬂ%ﬁraphy method,
(ii) the effect of the resist film on thé immersion ligquid,
and

(1ii) the change of properties of the resist film due to the
immersion ligquid.

| (i) As clearly understood, for example, in the case of
where is assumed where a photosensitive plate for photography,
whose surface is water-proof, is immersed into water and a
patterning light beam is irradiated onto 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
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may be easily solved by suitably correcting the
i nci dence angle of the exposing |ight beam
Therefore, it is considered §KYF-058 6 that any
obj ects of exposure, for exanple, a resist film a
phot ographi c sensitive plate, and an i nage screen, -
thahi ity ane edtrrerdtf texpolserenméprsi orafphei da yegily film, a
which are not affected by the inmersion |iquid, and
pheboghepta maerafifteicte tiatenmensi en ihagei @eresusahich are
change of the performance of the optical system
indhustoitheé Siumodrsisme ssiapy.d, o nhmellyer wbonhi axe tigls affected
poi nt or conduct any experinment on it. (ii) The effect
byothé htmmess sén filguiod, tdhel wnietsidonnolti gdifdct the immersion
specifically indicates that the conponent of the
ligasdst cafisé mo scighsso | ved e pfdreEdmaercs off Ehquoptiaal
change the refractive index of the |iquid.
syEhenr etTiosd | yit Wemdtheedeehbagt tve funtexrofotfierm this
i mrersion |liquid changes, the optical resolution of
poin@ pat EehAueXPasYr 8xpsr Btkiret tén cliange and
experiments are not necessary. In this point, it is
enoughiip Tisd Nt Fechask mhehhker skheigampanehe dfméheion
resist filmimersed in aliquidis dissolved in the
1idudui @pkeighangeyt haditatasl ahaonts dRipanditvefi nlexresiat
of the imrersion liquid, and it is not necessary to
fighkeak Kaselbived ahi khkyifYeasital 1idiiAdiatdamee the
pattern |ight and devel opnent. Conversely, when the
ré St vid limdesmrs etiel Nighedl i atiebrdtsi dainagdi ahed whéh
a pattern light and devel oped to check resolving
rébidddire iilndex RES IR enerknow asqhodwbeahess, the optical
resolving ability is excellent or poor, but it is
rébdfucidd J0 tHadIGER veiet Rebokagel Yenguadi tot yhasge and
affected by the change of

experiments are not necessary. In this point, it is enough to
simply check whether the component of the resist film immersed
in a liguid is dissolved in the liquid to change the
formulation or refractive index of the immersion liguid, 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 ligquid
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 respect to the phenomenon in which resolving
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the properties of the imersion liquid, the resist
material, or both. (iii) Wth respect to the
phenonenon in which resolving TKYF-058 7 ability is
| onered by the change of properties of the resist
filmdue to the inmmersion |liquid,. an evaluation test

abslUgbyass 1dpéréd '&tb"éﬂa%gfee%'f%rtabté i‘%éeﬁfee(}%’%sﬁst

is showered with he 1 mersion |iqui

fideveheped, tRadifhers £ 1apti g, r%%.%%aﬂﬁ%&?&ﬂ ESst such as

exanmined in respect of resolvi‘ng abi

theyf fhckenbhyrenal sat egh #id ré!fsce%’%lx#%tsh%@ FEt Qﬁ&efé@ with

resist filmis directly showered w rquid, and

th@eﬂﬁﬁekgﬁonCPQgﬁiﬁogﬁdffﬁedrﬂgv' d dar%n%?&ﬁ ﬁe%?}tant

st ri ngent i's p0|nt t est

re%@§tsba£téﬂh09gp£$% a”ﬂ¥r ddt i résbﬂ%&g gblllty" is

exposed, it is di |cu t to judge whet Rer resoP

su%@hbhgﬁti§ Q@Qﬂgggeﬁ t%ﬂ%n aQBaBEOHert£? ?h the Sesist

i mrer’sion” | i qui ange o properties o
ER RS Fhesabave” ﬁ@ﬁgﬁ‘gn‘% R A s
&fdé'%t.?yfﬁggag%ﬁ%éig K ‘?ee]iﬁfélsg%’%r Ry col B HIT RS oY
1*%%??3%? whEQEGGPgnrégf?éﬁéﬁgf2n0fIvﬂﬁasggﬂé%%%eghgﬁ the

1fq%%ﬁsasfbkgbggﬁregob¥en$£?ﬁféfﬂtw@sﬂﬁ¥9luagFg%$¥‘resolv1ng

eval uati on test resis
SR, F@sz%%%s%w; Codbfe S Bl A
BRI GREPERE ShabEsobY ALY o TR et
cdﬂﬂﬁgfﬁiﬂh &ﬁgd%%thﬂg immersion liquid, or by both.

The above phenomena (ii) and (iii} are two sides of the
same coin, and may be figured out 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
liquid 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

2 liquid to exposure.
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process using a "two-beaminterferonetry exposure

nmet hod" that includes using an interfered |ight
caused by a prismas a pattegrn |ight for exposure and
subjecting a sanple inmersed in a liquid to exposure.
TKYF-058 8 As nentioned above, the production of new

resimd rdntorid takhe ,f ehUgeolckt G de | MRT SO Films
l'ithography require S|gn|f|cant devel opnent

sull€SPUE CESr dowerertidiidasmhesan o ndQ'IQB%%EQbﬁg }:Q@hre

sonme of the conventional resist conposifions

siBAYEI BERN SHELEShRthas JUORAIL T efosiibd APl £ fk?a[s tk:l?z%n
i quid imersion |ithography with or w thout sl ght

defiBdEtL&BLE OPRat AL LHQUIH e drorg}éq{ElBﬁariaXeg%Eg r bﬁﬁ?&&tlons

to sonme degree. It has al so been denonstrate

thERNYab8Shebnf thfes L ﬁ%§“5¥§3é¥61é§)§ﬂ1E§F§E| gragﬁe

fail to provide sufficient tern resol ution

11‘qﬁ5ﬁﬁr§hﬁﬂréigﬂ'ﬁlhﬂoﬁfﬁ%ﬁflw%e 'S thoqtthggaggtgy, but

such resist filnms ca raphy by

mogl)ai??tz.';aﬁgo&wg % ﬁ\ggﬂo{:]h c!ﬁ?ﬁ/ﬁbt)f?r*fr teergr%é:atet to some
S e % 0L Al LT, e

t {
ena g%gﬁﬁg Sbg ?Eé% gﬁ5%fé§%gf$%%ﬂ§%%Fxfc gbgﬁg 8lent
I
P{t@%ﬁ‘?gﬁ“*gm‘“%‘yﬁﬁgv% SprenimiPEEETh LR AL SRS mmerston

Obj erﬁ?ﬂg o%)hlaogﬁaﬂh¥es$@{:ef1fre f' Cacl[ ]tﬁ)teheused in

this 1nventronits to ena

LD 8 SSESSLSY DRLERGR MR SELLAREIN Moy sine
pt e i%h higher resolving ability.

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

liquid immersion lithography.
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preventive filmon the surface of the conventiona

resist film so as to sinultaneously prevent the

deterioration of the resistofilmand that of the

imrersion liquid used during the 1liquid inmersion

l'ithography. TKYF-058 9 DI SCLOSURE OF THE | NVENTI ON

For sol vi ng the mafapreerE oredppr ohvewsIor materi al

for formng a resist protective filmused for the

| quigk | $8BFiTiORhe ialtheafanly cREQCESSHBERS, H Mhtediblefor

present invention is a material for formng a resist
foRh@h§CA | ¥esfdd PSR Fl1a usedl $brf the BOg@Rd liGmexrsion

protect the resist filmto be subjected to the liquid

1ikABBESPRY brd Nt 3Ry RIIRESS tTRepMBLBhtakniéntion is a

characteristic in having rno substantial solubility in

matareh] f@ﬂdf5fﬁiﬁbEﬂW%%éiéﬁ”dﬂﬁﬂ%cﬁI@% et ROHrbPided on a

form ng a resist pattern o t he pr esent I nvention IS

re@iRt podnfor fory &Eééﬁ“éﬂe‘%ﬁgf%Enfﬁi.nganﬁL%ﬁ%Héhted

i mrersion |ithography process, wherein the ne

toCQRI i $685.af Pk PG &n p{aﬁ%%ﬁ%faﬂo@e%.a PRSI A1 is

formng™ a protective the properties o

c a%%@?e§§§§5@n%ﬁaﬁ£¥in%n¢9|§5ﬂ§ﬁéd{i t%%l%%ﬁlié&fEEGWQEEr,

aline on the resis I'm; directly placin

ard & &ggfgﬁkggg%%?%'ﬂfgfsion I'ithography having a

pr edet ér m ne ness at |least on the protective

o VOB SR 8 SIRA Tl Dl bbeens

iredibn sl 0 HethoB PAPt LEARNES PAILEIN Mo I yoing o

oug I qul I qui'd” i mrersion ogr aphy

St S
comprises: forming a photoresist f£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 ; dirxectly 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 liguid immersion lithography and the protective film, and
optionally subjecting the resultant resist f£ilm to heat
treatment, washing the protective film and the resist film by
using alkaline developer solution to remove the protective
film, and simultaneously developing the resist film to obtain

a resist pattern.

The liquid immersion lithography process preferably
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treatnment, washing the protective filmand the resist
filmby wusing al kaline devel oper solution to renove
the protective film and siﬂyltaneously devel opi ng
the resist filmto obtain a Tresist pattern. The
liquid imersion |ithography process preferably

: == ' i St it J uti by . .
i 0P AN, TR loRah R DRESPLL OB Dhsgor £ian
! i aui h liquid i :
thEBLERERS Slod bl 0L big brOthd LTSI £, cne
. ir..and ] than th f the resist
LpRRY, LR Plord LA i o WEhy ERPSESFTAR 19 dndex
t it r aphi light t d the |,
1RGP Phen) Tt U i O, 9 Lefe CHPBOEHRE | R ehhg Grpsist
. n_f i th i st tective fil i fi
24 BP obar Bore O rkF = oG008 "BaRal FSLEr Dhef dttp of
d t. By USI th terial f ) '
e R RS e Corr g (hOhic dovavg the. FRELBF cBH. -
inveption, the protective filmcan be, directly fornmed
on t ‘ér&é%*?f%?r% I S aPnesento inkeaELeRe Wheh feming the
patterning | jght_exposure. In addition, the materia
e i PBPE?‘F\E,:L Pelptt R tIRRE T inidhorrica rpAV e APTBPLRE

3 insoguage in ywater so as, to enable the use of "water
SCFar8°Rabe o8 18P ot b hatadidedysisc i iconpeaenti kel y

to bg the,liquid used in liquid imersion |ithography
pr ocB¥sUHERAUSR® Rt Mpticdalforrdagi peRERESCHIVE | FiAT
[ rsion |ithography, easy handling, and no risk. in
ACSEERGBENGOt HRS RGP F SRircHR VRS allve 48 RACTECGENE FABR can De
d.iwne&s;gn Iithograghy process. In other words, even )
FrETLYnAPEReAWAR chDf sreehst tol Warkh @s mad &9 dnserfere with
refractiv
the patterngng 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
liquid immersion lithography process because of the optical
requirements of liquid immersion lithography, easy handling,
gnd no risk in polluting the environment" as the actual liquid
for immersion lithography process. In other words, even when
watex, which is easy to handle, has an excellent refractive
index property and no risk of environmental pellution, is used
as immersion liguid for the liquid immersion lithography
process, the materxial for forming a protective file of the
present inﬁention sufficiently protects resist films of
various compositions dﬁring the liquid immersion lithography

process so that the resist patterns having excellent
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i ndex property and no risk of environnental pollution,
is used as imersion liquid for the liquid inmersion
| ithography process, the material for formng a
protective file of the presgnt invention sufficiently
protects resist filnms of various conpositions during
the liquid imrersion |ithography process so that the
propsitiepatderins dsndingdexcehl eadi JIof- QbR the exposure
properties can be obtained. In addition, when the
ligkpositle alwghdlatidin afvasg engil @kedp7a nMidriused, a
fluorine- containing mediumis likely to be the liquid
cohorihingiflediwielsiiokdiliyt hegbaphnel 1 0gnt Aeryit empaiid
of the exposure |ight absorption. Even when such a

imnkref bfiel CONbGEAbig S HHe WSewpded: 88 £RE dhSo3BdeLright
nmenti oned above, it sufficiently protects the resist

abbblpraonl NEddruwién BRhShOR1[1bE DAL APHWa i PIRF &I velt is
that the resist pattern with excellent properties can

usb@, obbarpedehEURSHEF MR 1 SHAL GHRAR , Makekhaki Efintly
formng the protective filmaccording to the present

proftéefti 8Rel fesdbkati Id UMRy 1ilndiS YRREEESSAT YitRography
renove the fornmed protective fitmfromthe resist

pridde®sPEbothke the E@%@%ﬁ“ﬁgﬂﬂerdNQQQﬁﬁ%ﬁ%%@@eﬁ@eﬁFSSSrties

i ght exposure is conpl eted reaching t step ©

cagevel eBRBIheR! 00858 :heiRrd,S 5 1B¥UShAONLPEPLPLAGE | #Bming
filmobtained using the material for formng the

tHié: eiregkyevefl ikl Mhageos fiNgy 4, thHk efr%%%gl L RYEALEBA, is

is unnecessary to set up the step of renoving the

allMaatiegbive ikl | M PikoinhOcd £&: rfave! QIR R0F8SRed
after exposure such that the devel opnent process for

prdtRJta¥eS Eifijnl FeWint Phanabkad i f‘flrgeﬁ’ﬁ]l&p%ro 5@ We@lopment
can be perforned as the protective filmremains, so
process even when the light exposure is completed reaching the
step of development process. That is, by using the protective
film obtained using the material for forming the protectivas
film according 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
process for the xesist 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 forming the pattern using the material for forming
the protective film according to.the present ilnvention can
efficiently perform the formation of the resist film with an
excellent pattern property keeping the environmental pollution

risk extremely low and reducing the number of processes.
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that the protective filmrenoval and the resist film
devel opnent are sinultaneously acconplished.
Therefore, the nmethod for formng the pattern using
the material for formng thé protective film
according to the present invention can éfficiently

per f Hor [ of t resist fil ,t:h_an
Preer O RTabe08 On! Pfiel EReShet il upsp the
r ' s T S t 'y, low and.teducing the nunber
prBRLLtLy Ot Ik S SENGRIE SRl o £ R Al T ound
j t t;h rotectjve filmi or. s
deBLE OOl b e e S U o AT ar sbtePgei fie

adj t.i f_ thi, ific.
flgﬁgggggg%%on é%%%ﬁﬁ-E%%%&%@é%géééﬁfﬁggé?%gé??r%% e

. ial f f ' t i st tive fil
mabRE e P nbSE ey e i TR PESFLMTRTR 0
iLng. sol utj Mo [ t 1y, when the, .
R R B T R
ot B hBTphEr o hEht dih AP L dia CAHBURGIER wanp s
af t.er,_exposure can be inproved. This resi,stance to
SPSSAT 6y pUBG e HEray ST 158 WReSh: B34 ShanF) FovRost
.The at sEhere of exposure and devel.opment p&gcesses
SHPEPUTS A LFEoT Bt &1 COMIGTHSEE (I nidart FEGLof SBRTRE OF
.0t order of ggf. I't, is, known that when this amne
TRE R TRRTEIE}i Imafter the

SRR =4 | m & |

G oRgT e BB ST b5 R S HUBER AAP8 OBBALSE fhen
ottt ERRhots! S A B te d oy s patier
de %%%%n%vggogggg Q Qg aggéftresists contains a minute
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 processg, it causes distortien 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 reszist
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.
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I's exposed continuously to the atnosphere containing a
smal | anobunt of am ne after exposure, that resist has
hi gher resistance to post exposure delay. In the
present invention, the proteldive filmhas a special
property to protect the resist filmafter exposure
fromthe am ne action by adding a specific

f | uarmadh@resemtpanrendesar i brd bednovd tiheteatsdonThi s
becones one of the notable features of this

lithugnaipion. cahiK¥e @ formed by using water such-asl3 In
the present invention, the liquid inmersion

substanygi ably mare beateer foar iid by zusi REt¥a} esr sl S ine-
substantially pure water or deionized water, or a

cohtuoning coatai Nqgid ney ta hiiquiid &raikh@ps dod Ofithography.
i mrersion |ithography. As described above,

AscaB8stdebeéAdawbvd) Qscd i M 6RF o @2%SAuetion cost, ease of
post-treatnment, |ow risk of environnental pollution

podldtedeBmeniAt By | Si ST RIRHSARIS thldpbd16eion and such,
i mrersion |ithography. However, when an exposure

waltle@ht s0ho28 7ppaTdeMel €Nt i f #3edmmersion lithography.
fluorine-containing solvent which absorbs | ess

HOWERATYr RhkhOBh ekSodiad erally dsead s The wasshshgbh! 0% used,
used in the present invention includes any resSist

fﬂﬂdrﬁ&e@@bﬁhaﬁﬂiﬁ? 551 Pen € QY EsY | BNl rsedlelt exposure light
conpositions, wthout any Iimtations. This is the

igmslerenababl gskgature of the present invention. As
descri bed above, the essential characteristic as a

prot eabi vesh ki NFOin ts=drBsaile idianion 3Bt ant LAt Ydes
insol uble in water, alkali-soluble, and furthernore,
ary® resist films obtained by using conventional resist
compositions, without any limitations. This is the most
notable feature of the present invention.

As described above, the essential characteristic as a
protective film of the present invention substantially
insoluble in water, alkali-soluble, and furthermore, is
txansparency 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 prepaxed by dissolving a specific fluoropolymer
in a solvent in which the resist f£ilm 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 peolymer having the

following constitutional units is included in the concept of

TKYF-058



transparency to the exposure light, immscibility in
the resist film superior adherence to the resist
film and excellent solubigéty in the devel oper
solution. As a material cap i & of formng a
protective filmw th such characteristics, a
thcong$sition<£{e ared by di;ssolving a specific
FI Bor FPoT yHr R4 % veditFen SPAURAR cARE rRl kalsh o Lyl
capnpt . be djssolved and the fluoropolynmer. can be .
COBFE%EP%@? WdE & £ontadrdpsl gher LRy ehG gnaywe having
se_polynmer of _the protective filmof the present
oof RV BAL TERT b Bl IR AL PRoa FORPBRRHEYL oup and (X-
constitutional units is included in the concept of
2) 7k9R- ghgoboltic bydroxyl grpup e g8l piter Lkt | TERYR
wat er - i nsol ubl e and al kal i -sol uble constitutiona
uni t SPESGELM Y milfy the sorsfétreigralipumiis ngl) odte
of (X-1): a fluorine atomor a fluoroal kyl group and
afpgemsptigned| £6nhbl iandydrody l2ngr dogividanlbxyladhged to the
grougn Specifically, in the constitutional units (X),
alggyclafodERERt i el ¢iX-the @id quelde greupndprstifitsys the
bonded to the alicyclic group in which the alicyclic
PrgpgapadonfBiinut dhe Rdonementipakdclidi-h) Mheexemplified by
aforenmentioned (X-1) is exenplified by the fluorine
thgt Sfioging ptewdr i eat2df Midyinagreslplkivd whtboh, sonewhieh some
al |, _of hﬁdrogen atons have been substituted with
Orf Bldr PheNYEEOHSN | Atems diwvre dderl apbeigtutedpwithvElyorine
Specific exanples include a trifluoronethyl group, a
atoagt 4Py doleBERYR1EYbuproup. Hesrrefdicrdpr-op§begiHip, examples
. and a nonafl uorobutyl group, and a fluorine atom and
inglyder pusrdfdinypngioud areupr of aradiag fuogwetayl group, a
i ndustrial point of view The (X-2) is exenplified by
heptafluoropropyl group, and a nonafluorobutyl group, and a

fluorine atom 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 te 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 5-~membered ring or 6-
membered ring exhibiting superior transparency and resistance
to dry etching, and most preferably 1,1,2,3,3—pentafluoré~4—
trifluoromethyl-4-hydroxy-1, 6-heptadiene

(CE;=CFCF,C (CF3) {(OH) CH,CH=CH,) for industrial use.
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hydr oxyl group alone, and a |inear, branched or cyclic

al kyl oxyal kyl group or al kyl oxy group.with 1 to 15

carbon atons. The polyner (al2), which is a base

pol ymer of the present invehtion, conprising such a

unit is formed by cyclopolynerizing a diene conpound
havigg hydr.axyl, groug and a fluorine atom The .

di e COMP AT 6 T ok BFaBFY< Riebt AaFemba (VHICHepasFRYting
for ol ymer, having a 5--nmenbered ring or 6-

ﬁeﬁleQg ¥%dﬂ§%ﬁ?b|tlng superior transparency and

esi. st an to dr et ching, and nost preferably
{C§?T}§?g goﬁ%%%%f1 uor o- - 4-

trifluoLongethyl -4-hydroxy-1, 6- hept adi ene

(CF 2 ( B C}hC}Q) onlﬁaustrlaIH

TKYR 058 1 ThE Iovm g,

(100) r esentl\\?ﬁl_l & pol yner wn. Fﬁhé

fornul a Ay~ F2 & H2-C 7 C—C4X+ < Id: - - H2 Y

F2 G H2 F2 CH2 CC F3 O OR5 F3C§¢ 100) In the
at\qm ar

gener al 100), R5 is a hydrog
l'i near, f%?ﬁnchedé ? cyclic Cl1 to Cl%é%lkyloiyigroup(6#)0)
alkyloxzalkyl group, wherein x and y are 10 to 90 nole
per c&nt the rgepreal Vistynulehi(§ 00y pe ROT ipod yietramen keom or a
syntheS|zed by a known net hod.

linear, branched or cycliec C; to Cys alkyloxy 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 fluoropolymer. Such solvents
can be exemplified by alcoholic solvents, paraffinic sclvents,
fluorine-containing solvents, etc. As alcoholic solvents, the
commonly used alcoholic solvents such as isopropyl alcohol, 1-
hexanol, 2-methyl-l-propanocl, and 4-methyl-2-pentanol are
usable, 2-methyl-l-propanol and 4-methyl-2-pentancl are
preferred in particular. It has been confirmed that as a

paraffinic solvent, n-heptane, and as a fluorosolvent,
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The wei ght - aver age nol ecul ar wei ght of the resin as

t he pol yner conponent based on pol ystyrene standard by
way of GPC is not limted to special values but is

preferably any value in thé“%ange from 5000 to 80000
and further preferably in the range fron18000 to
5&?00. éf a saol vent dissaolving the fluoropol any
PeLh VR & R e trebydeg Péﬁnﬁscﬁﬁe?ea‘ﬂ%e ns aﬁgeﬂp%mf
£ the resist film and_are_ca able of dissolving the
-*—"‘P%B‘?%p%}%ifmlnts&fht@& Pehad i éaﬂwuhéléwnﬁ.qhee&lw of
OhO|IC sol vents, _paraffinic_solvents,
dEY? OPRFRE R mG leohpdics sodvent Asa ke corpisable.
sol vent the commonl y used al coholic solvents such
as %% pf? ek aholve -1 LohshanBRtepindt B9 -foidsardol |
and 4-nethy] - 2- pentanol are usabl e,
Prﬁtﬁ%?h‘y’? F1 PR cenrndidiey te: febeh pItezepsnianent e is
preferred in particular. It has been confirned that as

deﬁlrﬁﬁiﬁfﬁﬁﬁ$@ & of Mgitocartivapcampouadd gBhis is because, even
fluorosol vent, TKYF-058 16

thgughy uaEbeD- Bie v} teid Hyemeofuicand idavaepby epirogesmg the
them fromthe viewoint of the alkali-solubility at

rephett fidmoptandy el o prientatpromdss e alonghdhiogsal smatk amount

are preferable. As described above, to the nateri al
Offémlﬂ@rﬁrhgratOpthmeﬁﬂ?@&pnmdnhzﬁnnma$$ngthe tthdesirable
present invention is desirably added a fluorocarbon
inédREBARIOL TANENE somettlrisess ievferf i ithowgh beabbpprehsed by the
liquid inmmersion lithography process, the resist film
Preegngs Pl the arabephive tom dgiamy @ pmeiducanpbant  of
am ne prior to the devel opnent process, the
sigrdédrrabl sonfusioente e admenaion ef tdsi sesfistnpahbern
be suppressed by the presence of the protective film
obgglggdtgyptbguggbﬁ@quent development process. Such
fluorocarbon compounds shown below are not the subject to the
significant new use rule (SNUR) and thus are usable.
As such fluorccarbon compounds, those represented by
the following general formula (201)
(CoF2n+180;) 2NH {201}
in which n is an integer from 1 to 5;
the following general formula (202)
CrFans1COOH (202)
in which m is an integer from 10 to 15;

the following general formula (203)

[Chemical formula 2]

SO,

(ici;: :>NH_

S0, s v s ke e s (203)
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significant confusion in the dinmension of the resist
pattern obtained by the subsequent devel opnent
process. Such fluorocarbon conmpounds shown bel ow are
not the subject to the sigh¥ficant new use rule
(SNUR) and thus are usable. As such fluorocarbon
conpounds, those represented by the foll ow ng genera

in fedimhl @ (204h {CaEQ@em | BOQ) 2NHq ZX1)andn which n is an
integer froml1l to 5; the follow ng general fornula

the 2R owEmB2 pen008H f20R)1an(2A)lch mis an integer from
10 to 15; the follow ng general formula (203)

[Jhememiadalfotnnbal 3] 2] Sot (F2cY /NH S02 . . . .
(203) TKYF-058 17 in which o is an integer fron12

to 3; afgg\the follow ng general fornula (204),

[ Chemig&l \{®rmula 3] CF~P 0 N-Rf ~CF1P ......

(208 .inNhiod p is an integer from2 to 3; Rf is an
al kyl g partially or entirely substituted with

fluorine\"a¥Bns, or-nmay- be sibstdx uted w th hydroxyl

group, al koxy group, carboxyl group and am no group,
inayleidH of erakieinteger from 2 to 3; Rf is an alkyl group
partially or entirely substituted with fluorine atoms, or may
be substituted with hydroxyl group, alkoxy group, carboxyl
group and amino group, are preferable.

As a fluorocarbon compound represented by the general
formula (201), specifically, the fluorocarbon compound
represented by following chemical formula (205}

(C4E'9S0; ) 2NH (205)
or the following chemical formula (206)

(C3E4502) 2NH (206)
is preferable.

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

C10F21CO0H {(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]
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As a fluorocarbon conmpound represented by the general
formula (201), specifically, the fluorocarbon conpound
represented by follow ng chem cal formula (205)
(CAF9S2) 2NH (205) or the ol |l owi ng chenical fornula
(206) (C3F7S02)2NH (206) is preferable. And, as a
fl uorocarbon conpound represented by the genera
formul a @;QZEO specifically, the fluorocarbon conmpound
representeﬂ 2t he followi ng chemcal formula (207) is
preferGpl e. C 1CO0H (207) As a fluorocarbon
conpouncth represented by the general fornula (203),
speci fi caeySPhe t1°ubrotarbbh%®hpound represented by
the follow ng chem cal fornmula (208) is preferred.
[ Chems cal £ Twunmebabéh TEMPoOh8 #8présiedS bgF2heNHeneral
CF2-S02 . . . . . . . (208) As a fluorocarbon conpound
formptes¢hd &, pddief iganiaalchefl dloubkach20d) , compound
specifically the fluorocarbon conpound represented by
repheséatédvibyoriohefoidalwifng MbemiC209F obdul Hr @I ek
[Chem cal fornmula 5] [/ CF2-CFF2
preferred.

[Chemical formula 5]

CFp—CF;
o
AN

CF;—CF,

N-—--CF,—CFp—COOH

R (2 09)

Since the protective film of the present invention is
water-insoluble and highly resistant to othexr immersion liquid,
it is applicable to the resist filmas of every possible
composition including resist films with lower resistance to
the immersion liquid. Therefore, as a resist £ilm 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 (a0~1l) containing an
alicyclic group having both of (i}: a fluorine atom or

fluorinated alkyl group and (ii): an alcoholic hydroxyl ¢group
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0 /NCF2-i FZ-GOON \ CFzCF2 CF2 . . . . . (209) Since
the protective filmof the present invention is
wat er -i nsol ubl e and highly resistant to other
imrersion liquid, it is appPicable to the resist
films of every possible conposition including resist
films. with |ower resistance to the i mersion |iquid.
or Thekelere 9104Pa ineghichf L kpkht ool ebhiloity thangessbnt acid
i nvention, any of the known resists including the
ackbpmoks usErapdsi-ti ve type photoresist and negative
type photoresist can be used. Actual exanples of
t hesthe exficemeatéonsdophrbet oW a Fraki—sflullilityhehanges by
resin conponents used for the positive type
acpokofben'Stneand ddetf lther praymdrr esamgeaciy Itite Adsibn-
cycloolefin resin, and sil sesgui oxane resin. As a
exppaedi nete cohannithg . adkahi~sbkulpnl ynerincAeacespasetdhe
of an al kali-sol uble constitutional unit (a0-1)
" ligbhtekposegd asniteyl ithyeclliiehgenpobadi Bitdobdcaied idlkad i
fluorine atomor fluorinated alkyl group and (ii): an

soalibdhobb ctiyidridhey lpadryosy BAMFLR58s29 adraapdkyd todse type
group in which alkali-solubility changes by acid

read¢tstofiils, priefbs alflen thee aafkandrest ubhedt phdasteases at the
"al kali-solubility changes by acid action" neans that

light-pebysed shangeshd N idm ddx@hisedexposeBesbhes Ve i—
the. alkali-solubility increases at the

insbiighfeexposkalt silie, pdlhigndd ghinr @epased skt & hegortee type
al kali - soluble so that the polyner can be used as a
repasitt fidémt ype resist film while when the
al kali-solubility decreases at the

The alkali-soluble constitutional unit (a0-1) containing
an alicyclic group having both of (i): a fluorine atom or a
fluorinated alkyl group and (ii): an alcocholic 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 hydrocarbon or polycyclic hydrocarbon
including cyclopentane, cyclohexane, bicycloalkane,
tricycloalkane, tetracycloalkane. More specifically, the
polycyclic hydrocarbon is exemplified by a group in which one
hydrogen atom or a plurality of hydrogen atoms have been
removed from a polycycleoalkane including adamantane,

norbornane, isobornane, tricyclodecane, and tetracyclododecane.

Among these polycycloalkanes, a group derived by removing one
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l'i ght -exposed site, the |ight-exposed site becones
al kali- insoluble so that the polyner can be used as a
negative type resist film The al kali-sol uble
constitutional unit (a0-1) cédhtaining an alicyclic
group having both of (i): a fluorine atomor a
fluorinated al kyl group and (ii): an al coholic
hyAyageRyRter diip @ Grlugelityxpighydpegemyatansarfirone
provi ded that the organic group having both (i) and
CYFLPPepbaae, teyainhexaney ob aogbeupanewhi s piefarsitls fod
., In the constitutional unit, The alicyclic group is
1ogyghplatieeeby a group, in which one hydrogen atom or
a plurality of hydrogen atons have been renoved from
nmono&e | 1o rsmindcanisdn (60 pokyeyehptifiet dgarsbdiluorine atom
i ncl udi ng cycl opent ane, cycl ohexane, bicycl oal kane,
angr pcgepbunl kaneridletsany cmalllane. hvbiregspestdncadiduwsg been
the polycyclic hydrocarbon is exenplified by a group
supgtwhithadoneth hiiregere attemsorina apllowari aykel dwyslimgen
atons have been renoved from a pol ycycl oal kane
Sperdlfidi agamdbamntmmbjdacr horirfidne, rongehel ngnevp, a
tricycl odecane, and tetracycl ododecane. Anong these
pepskydyolroatkphegrowp gra Upe et ved dpy obelog ragp pnend  a
TKYF-058 - - -- --------- 20 hydrogen atomor a
nopladi dbicbhud i1 hgdewge rarad crsf fucainec yeloppentiapeeferred is a
cycl ohexane or norbornane, is preferable for

trifdustroimethudegrdtye af ©renefdiabled fdon aneiedespriflepoint
by a fluorine atom and a group in which sone or al

ofofvileydr ogen at ons have been substituted with fluorine
atons in a |ower al kyl group

The aforementioned (ii) may be a hydroxyl group aleone, ox
may be an alkyloxy greup containing a hydroxyl group; an
alkyloxy group containing an alccholic 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 by a methyl group, an ethyl group, a
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Specific exanples include a trifluoronmethyl group, a

pent af | uor oet hyl group, a heptafl uoropropyl group, and

a nonafl uorobutyl group, and a fluorine atom and

preferred is a trifluorometdlyl group are preferable

froman industrial point of view The aforenentioned

ééi may be a hydroxyl, group alone, or nay be an
pr K%I%Qvﬂyrdﬁﬁiéo#P5Wﬁiﬁgoaphydroxyl group; an

al kyl oxy group _containing an al coholic hydroxyl group

sucr LR 1ol yl o k8l ﬁ&ci%w@éu pIEeiEb atdntaigrisgpangalcoholic

al kyl oxyal kyl group containing an al coholic hydroxyl
hygratipt aFeMRn s Alkylesyaléyht arnipgeant alotmlan

hydr oxyl group. The al kyl oxy group, the al kyl oxyal kyl
algpbepic ardlrery lalgaAupycauphar e Lsyénpt o econ tial re ridower

al kyl oxy group, a lower al kyloxy-1ower alkyl group
algaBohlic obedren Wy lgugrugupn téspedbirenkytidhed | bingr includes

al kyl oxy group is specifically exenplified by a
anmal kyloxy groum, an adtkyilooyr livaugroap pr apy | ax ya adugiroup,

and a butyloxy group; the | ower alkyl oxy-Iower alkyl
ingpbiphi sonspeciflilcall yhex drypldchieadabyma have been

met hyl oxynet hyl group, an ethyl oxynethyl group, a
supsbpyhbsymel by | fgreune arttbmes desbyboxyskivhy|Pgrfeupble

and the lower alkyl group is specifically exenplified
expypdeseihglude cap,alhylethy lggupupentaIkYhg088 2lcoholic

propyl group, and a butyl group. Alternatively, the
hydirkgy bx grgupu pare omt lay Inxy Iy lalgrainel centhydioyyhn alcoholic

group, the al kyl oxyal kyl group contai ning an -
hydiresbidl proty dr axy | agraliylorgtdup aldyhigiaypanoaladhs hie

an al coholic hydroxyl group in the aforenentioned
hy@mpxyﬂngrgups in which some of the hydrogen atoms have been

substituted with the fluorine atoms, namely, a fluorocalkyloxy
group containing an alcoholic hydroxyl group, a
fluoroalkyloxyalkyi group containing an alcoholic hydroxyl
group, or a fluorocalkyl group containing an alcoholic hydroxyl
group.

The fluorcalkyloxy group containing an alcoholic hydroxyi
group is exemplified by a (HO)C({CF3)2CH;O-group (2~
bis (hexafluoromethyl)-2-hydroxy-ethyloxzy group), a
(HO) C (CF3) 2CHzCH0~group (3—bis(hexafluoroﬁethyl)-3~hydroxy—
propyloxy group). The fluorocalkyloxyalkyl group containing an
alechelic hydroxyl group is exemplified by a (HO)C{(CFs)2CHy0-
CHz-group, (HO)C(CE&)ZCHZCHQO-Cﬂzugrouﬁ, and the like. The
fluoroalkyl group containing an alcoheolic hydroxyl gréup is
exemplified by a (HO)C(CFz),CH;~group (2-~bis(hexafluoromethyl)-

2-hydroxy-ethyl group), a (HO)C(CF3)CHCHs-group (3-
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an al kyl oxy group, an al kyl oxyal kyl group, and an
al kyl group, in which sone or all of the hydrogen
atons have been substituted with fluorine atons
respectively. Preferable exanples include an al kyl oxy
group containing an al coholic hydroxyl group, an
al kyl oxyal kyl group contai ning an al coholic hydroxyl
bigflems Clamr anetaiyRy H3ghydpospnpaepyh g eonal ,cagl the like.
hydr oxyl group, in which sone of the hydrogen atons
hav el lssen grouwpst inutbd afchemémt fonemt i (18 atdngii) may be
namel y, a fluoroal kyl oxy group containing an
digeebhyl bendedirtox thegregaed cad iphbhtube oat dyp ox al kgktjcolar,
contai ni ng an al coholic hydroxyl group, or a
thel| ok bal &8+ 1)gricupredferaiiiyng anial cepotsentydinoxydhe
group. The fluoroal kyl oxy group contai ni ng an
geakrohofoxminyar (BE) £ ogmaup biys bexdnnpli &1 etudyosl kyloxy group
(HO) C( CF3) 2CH20- gr oup ( 2-
cohta(henaf dmosboatidyilg HRrdredivaxyretpy! axylasoep)kyoxyalkyl
(HO) C(CF3) 2CH2CH2O-group (3-bi s (hexaf [ uoronethyl)
gro8phydnoainims any |l 0xaergyldup hydbeeylll geoop| kyt oxyaldgtoalkyl
group containing an al coholic hydroxyl group is
grexenpbhtaegdidy #n (oMo (i IyRCHA- g€bldpgtOUP, norbornane
(HO) C(CF3) 2CH2CH20- CH2- - group, and the I1ke. The
riflguanoahkyh e UPowsNd abdlidd AR 1daeel)! kenhydi BXyas due to
group is exenplified by a (HO C (CF3) 2CH2-group
sup2rhos( bexatbapeneet hylRal2-s91iaxy+6t hyhdgkespitafce to
(HO) C(CF3) 2CH2CH2- gr oup (3 TKYF-058 22
ddyl sfteeiabl uananely! )s Sthyeloxie1aropsadgnqupyaiasgléhe
i ke. These groups in the aforenentioned (i) and (ii)
[eagmbealdiseatily $pnded to the cycl oaliphatic group.
In particular, the unit (a0-1) is preferably a unit
represented by the

(CH'Z)n'

CrFanys CrrFamret

OH (58)

In the general formula (56), Z is an oxygen atom, an
oxymethylene group (-~0(CHp)-), 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-zolubility increases by a positive type acid action, is

used, the constitutional unit (a0-2), which is derived from
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general formula (56) formed by bonding a
fluoroal kyl oxy group containing an al coholic hydroxyl
group, a fluoroal kyl oxyal kyl group containing an
al cohol i ¢ hydroxyl group, or23a fluoroal kyl group
contai ning an al coholic hydroxyl group to a norbornane
rin? i n which the double bond is cleaved, since it has
(mgtla) 2ery Sk erqist esitars serendpingl kaknowo|amid idipsogigble,
.resistance to dry etching, and also is industrially
dipaadptiomviaitidditdng goeew.cdls poefierably RqauHaNoT its
Cm F2m Cm F2md +t OH (5 6) In the general formula
Supsp}or Zre¢so sk yalpdd idtyom an oxymet hyl ene group
(-(CH2)-), or a single bond; and n' and mi are
i ndePesmdemati tarniongtlegad tf fefr2) t bnéludesy afcartgitutional
polymer units used in conbination with the wunit
unisoderiviey beonk rovirer tWedrklles teal piirefméhldciyl ivhiatid such
the alkali-solubility increases by a positive type
asatedtabttvh néthaamedte ked drstti-aayilonathaoiyl{ad- 2) ,
which is derived from TKYF-058 23 (neth)acrylic acid
est ekl cema inialy a hreowelamied dassneiyabkea polymer (A-2),
di ssolution inhibiting group, is preferable because of
whilch fewmpker ocomesiohyiangflabitiirtatedThé kgtasti tohsbhaktional
unit (a0-2) includes a constitutional wunit derived
unfitorfr8-Ber to alytesd erraisgamdrivaeny iacaehdestns ahkali-
tert-butyl nethacrylate and tert-anyl nethacryl ate.
soMlubdd.asyi bel yoid hecpbbyme By Anciayihe thpsl yyme (& 2),

conétitutional unit (a0-3), the transparency may be further
improved. The constitutional unit (a0~3) is preferably any one
of the units derived from tetraflucroethylene.

The genexal formulas (7) and (B) illustrating the polymer

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

[Chemical foxrmula 7]

R3
o dF
Hs I
+ r°
o
|
R? (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,
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whi ch further contains a fluorinated al kyl ene
constitutional wunit (a0-3) to inprove transparency
and increase the alkali- solybility by acid action. By
including this type of constitutional unit (a0-3), the
transparency may be further i nproved. The

di SOBLE {4 1 1 is preferably any one of
: 3’2‘?%3*‘? §0e)

the unlts frafl uoroet hyl ene. The
gQﬁﬁHI 7) and (8) illustrating the pol yner

(A—l) an e po yner (A-2), respectively are shown

below. [Chem cal formula 7] R3 +CLC§ 21 :1Y &G O }

O z (G2)rr R4 (5 7) ‘oM F2nil+ O FBRH +1 OH In the
the sane as

nd m a
those def i/ned \n the generahz%qﬁ af2 2
hydr ogen ‘a nmethyl gr apd R4 is an'"é" '"}-

di ssoci af F- 058 24 dlssolutl n_i nhibiting
gr oup. q . fornul at81 R3 l —0 -+

z O

TN

(CHn |
- R4
CenFoms ' CrnFanset
(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 incluEe 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 constitutional unit (a0-1), the
aforementioned (i) and (ii) are regpectively bonded to the
cycloaliphatic group, which constitutes a main chain. The
aforementioned (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

cyclopolymerizing a diene compound having a hydroxyl group and
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F2 F2 Hz +i ~0O-10 H2)n" R4 OCnmAF2 y+ Cm F2nmi +t
(58 OHIn the general fornmula (58), Z, n', mM, R3

and R4 are the sane as tho defined in the genera
formula (57). The polyners (FA-1) and (A-2) contain the
unit represented by the general formula (56);

Eﬁmever t.he hﬁ% i fferent constltutlona% fog t 3
%%%lrb%ﬁ s LeR SRR G FGEaFaPhE heptadiene,
wh q%lomnn% con titutiopgal unjts, which include a p
HFRar 2901 b1 e o As PP Wanaﬁ‘f&ﬁgta(%m%b%&ﬁ’t :;.lﬁﬂnar -
me@% % the aforenﬁetloned (i) and (ii), and which is
oT tdett i i EpLTBNSPRESREY y#RY 197 hizdse to dry
ta{akall SO|ubI|Iti changes_ by acid action. Nanely, in
ete %gtypTélddlfS CdRILYt u%.%fﬁlam%uioz(w By, créopolymerizing
1, ? g nmentioned (i) and (il) are respectively bonded to
h yePeRFa bHaa dgtadd L ugmrsr tEghs € rryd e ndin
a|n The aforenentioned (i) include the sane as
hePFn%@éeH%s EF A CaYS(RFs) (PHR CHEGHe®ENt ilonmasti pyeferable.
hydroxyl %1OUD al one. The pol yner (A) having this type
uRiRen j he pokaEnssy (Acydl opel yhidehzabkp bl tiadndility
conpound having a hydroxyl group and TKYF-058 25
increases by positive type acid action, is used, a polymer
containing a constitutional unit (a0-4), in which a hydrogen
atom of the alcoholic hydroxyl group has been substituted with
the acid dissociable, dissolution 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 configuration. 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 superiocr patter forming ability.
The general formula (59) illustrating the polymer (A-3)

1s shown below.

[Chemical formula 9)
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a fluorine atom The diene conpound is preferably
hept adi ene, which tends to forma pol yner having a
5-menbered ring or 6- nmenbered ring with higher
transparency and resistancefo dry etching.
Industrially, a polymer formed by cycl opol yneri zi ng
1,1,2,3,3-pentafl uoro-4-trifluoronethyl -4- hydroxy 1, 6-

hept adi Eé(CFZ GFCFEEX 3)(C}ﬂ L Mogt
pref era mert (A- ¢ ﬁ—“Cj‘
alkall-sogy I|ty crelases by po i tive type.éc

action | ymer cont ai ni B ,/, Hy
consti tuti onal gqht (a0-4), in which a hydkogen atom
of the alc oxyI group has tituted
with the acfd dis 8C| abl e, dissol utlfg'? i nh| BR%i ng (59)
group, is preferable. The acid dissociable,
di ssot dtheorganshiali thomgudrodp9) i SRprief er dlyidrogehi agam, or an
branched, or cyclic al kyl oxymethyl group with 1 to 15
alkyk boymetioys grourerwighofl &oi d Sdicssbonatitoms: aamtl izn and y
particul ar, the | ower al koxynethyl group such as the
argel hoky ned hyd Lyr ot pesstprvefigr.abl e because of hi gher
- resolving ability and superior pattern configuration.
|t sPous doygee noff edhe tphdiyrisire (Aomay bé shethesiked by way of
di ssoci abl e, dissolution inhibiting group is
a pneferabthodi t Hihe tled ghatrgeetragm h61eoull@owaightarte the
preferably from15 to 30% relative to the total
relydr ofythygr oopsohenac(ievesed upe gy spgtrear sbandagd by
ability. The general fornmula (59) illustrating the
wayobgnePC( As3hoti simhioewd telspeciChemlosls batmikapfferably
TKYF-058 26 +¢c2 FHC/ F2 FHR2 H-GC + CGCCGH
any in the range from 5000 to B0000 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, fox example, a mixture of two or more
resins selected from the aforementioned (A-1), (&-2), and (A-
3), and may furthex contain another conventionally known resin
used for the photoresist compositions.

The acrylic resin is preferably a resin which has for
example, thelconstitutional unit (al) derived from
(meth)acrylic acid ester containing the acid dissociable,
digsolution 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 90
mol®¥ or more (100 mol% is the most preferable) in these

constitutional units.

The resin component is composed of a combination of a
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F2 \ /CHZ X\ F2 /CH2 Y CCCF 3 \OR6 CFORS (59 ) In
the general formula (59), R5 is a hydrogen atom or an
al kyl oxymet hyl group with 1,50 15 carbon atons; and X
and y are 10 to 90 nol % reéspectively. This type of
the polynmer (A may be synthesized by way of a known

fEifod, e, gt uﬂ‘i%agftﬁ%ffﬂéﬁéné"ﬁfﬂ&l‘&fnst Béher than

reS|n "t he conmpone ased on polystyrene

Vg%ﬂﬁ? %1 is pr(:f?;‘g;‘f ggg I§a§§§P£ﬁ$%{§$é%Pe ro%?ggbonal
uni@s 338% ] wfs%ftgge' X‘il;gek h?eséf‘é‘%?%fib‘i'i‘l% 00

e poI € cornpose one

re8£s§%§%56$5 %Wy etchl nea%f egln ﬁganfréﬁﬁa ré%lon

AES se
?L?ﬁ%ﬁﬁgé%ﬁgggiggﬁb §%é€§%§8ﬁt?o%%T?§aiﬁg&ﬂ resin
T
COPSE%EH?%O%?&@ DTyt el Yoo en (b oPEvESE NG eoter

th t ut | 1) .d d.f
b RSBy RT YT U LR et APng ke B8] 7 (22)

h b d
heEBRREFFATI naP e oAl él%t@é%”ﬁ;f%ﬁ%?ﬁ?g%r& c
(B 2By Bber B o8 ot SR 15 T iy B0 o hUAIBP CHbr g ove-

00 I d th t f bl th
cobtadppas PsiaFYE#'?igr%f R ko Agt %P%tcéﬁﬁbs%’a (a3),

f TKYF- 058 27 | It
helke BRER SO Sn EROGT P e bRe T Ot oG aHa P anpeLyeyelic

group that differs from any of the acid dissociable,

dissolution inhibiting groups of the unit (al), the lactone
unit of the unit (a2) and the alcoholic hydroxyl group-
containing polycyclic group of the unit (a3) (referred to as
unit (a4) or (a4), hereinafter).

Thege (a2), (a3), and/or {ad) ﬁnits may be appropriately
combined depending on the required characteristics or the like.
The resin component preferably centains the unit (al) and at
least one unit selected from the units (a2), (a3) and (ad) to
improve resolving ability and resist pattern configuration.
With respect to each of the units (al) to (ad), 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 estexr is 10
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the unit (al), for exanple, a conbination of
constitutional wunits |isted below to satisfy higher
resolving ability, resistaqﬁé to dry etching, and
fine pattern configuration mely, the resin
conprises a conbination of constitutional units

" gi ved froma ( h) acrylic acid ester haV|n%

°1 %t urﬁ%e‘sﬁ( °8d 0 BAs Mgkt 2pdothercqngfy tutional

her i naft constltutlonal units derived froma

un%?re Syl e ‘i?y%?‘?,m G st é‘r‘:lﬁia\?lsﬁ&raﬁsaﬂéo’h%l ¢ “h%:lé‘rroxyl

r.ou contalnl pol ycyclic group referred to as
Prgﬁ%&e molife rsladfver fo 4R tehalimetd sfalthe

units contalnlng a polycyclic group that differs from
coBAIBRT i prea bRl i ea% faomg medbRGEYSAC AR DI ¢3iRy and
groups of the unit (al), the lactone wunit of the unit
thFaQ?nsﬁhﬁu’Fh‘é“%l CyHl | Ee THywdofony peTyl isoAEAd e Fiee T -
polycyclic group of the unit (a3) (referred to as
uni t Thasd forenemyionasd ainddfst a)l) Theded|az¥re qdeByribed in
and/or (a4) units may be appropriately conbined
degapéndi ng BFe t (el )r aiitr é¢ eharastérisipusl omnitheldiwed from
The resin conponent preferably contains the unit (al)
(mgiR8) acryléasacodecsher ation dihd ramhd lid sgpictisbla?) ,
(a3) and (a4) to inprove resolving ability and resi st
diggptetAcnohnhgbihinengrow ¢ h Thispectidt dieachiafle he
units (al) to (ad), a plurality of different units
dlﬁ@pluélageanhmbebwbgnarwm in tthe prigf efeddl dst hat t he.
constitutional unit derived fron1nethacryllc acid
pagdiictlamdyt Aémébadt foufevnas imihas dekkialdd-soloimllity
acrylic acid ester are used so that the
inhdRdtingt rbAdL tynihidbrinekes f riom et e rydsin aoigonent
ester is 10 TKYF-058 28
alkali~insoluble prior to exposure and dissoc¢iates by the

generated acid action after exposure to alter 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
known.

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 fluorocalkyl group.
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to 85 nol % preferably 20 to 80 nol % and the
constitutional wunit derived fromacrylic acid ester
is 15 to 90 nol % preferabé% 20 to 80 noll relative
to the total noll of the <constitutional unit derived
fromnethacrylic acid ester and the constitutiona
unit, derived fromacrylic acid ester. The :
Sp%ldﬁtl&?iﬁﬁﬂroﬁaa RRhYeY g lhanq dncladesdadereneien
#Egajl. The (al) unit is a constitutional unit derived
NORRCHN A Ere tAPREFHRNE, JbF Hewsktedm A ngrPhechepgyclodecane,
di ssoci abl e, . dissolution inhibiting group. This acid
frog M ong, hYareden it an RahiBRen FGGVEGp | FHEhE uni t
(%%%}Ls not particularly limted so far as it has
POLY RIS HIEOHPl PRy DR nAPBFeRFER Y 19l aptiedh TraReBaR e
entire resin conponent alkali-insoluble prior to
IO RFPEFE drFsBEFaresisy- t Raonge fipgeedraepslr dets on
after exposure to alter the entire resin conponents
adanargetlo i oMPleanPrhoknBl egraeper and ytetr agvslpdotiscanig
a cyclic or linear tertiary alkyl ester with the
greu osg 1 ingusriefl Llynprefaceyleéc acid, a tertiary
al koxycar bonyl group or linear al koxyal kyl, group is
wi ddinefanrednmoAoneexanpt e, foheuseiabs ditssowiiabl(e]l) are
di ssolution inhibiting group containing an aliphatic
sheyon ey ciie fpldgping peokepibfyrmutes fhr theuwwh d7). In
di ssoci abl e, dissolution inhibiting group as the unit
the gygnemdarsiraylefs t(Ae pol @yel Rergpoapsotinal ddeirogen atom
groups obtained by elimnating one hydrogen atom from
orga iyl dmdime Riarepreyenival kalwyen dldtylagyolpal Rarnd Ri
. and such which may be unsubstituted or substituted
1nggpendedt o rigreesteon aod owelr| adkygal gydupr Ry rePK¥E058 a

tertiary alkyl group, Rs represents a methyl group, and Re
représents a lower alkyl group, and Ry represents a lower alkyl
group. The aforementioned R, to Rz, Rg¢ and R; are preferably
linear or branched lower alkyl groups having 1 to 5 carbon
atoms, and exemplified by a methyl group, an ethyl group, a
prxopyl 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. Ry is a tertiary
alkyl group such as a tert-butyl group or a tert-amyl group

and & tert-butyl group is preferable for industrial use.
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----------- - ------ 29 Specifically, the
pol ycycl oal kane i ncl udes adamant ane, noobor nane,
i sobornane, tricycl odecane, .and tetracycl odecane,
from whi ch one hydrogen at ofthas been renoved. Such a
pol ycyclic group can be appropriately selected from
- many, roups proposed for ArF resist. Anong these
“3%&%&?3 fREMV4BakBht yI group, norbornyl group, and
tetracycl ododecanyl group are industrially
preferable. Preferred monomer unitg for use as the F%
[ as

unit (al) are hown by the foll ng general for

"(1) through ). In thefgeneral-\formulas f1) to7(V),
R reprise hydr ogen Egng/E nethyl"é?ggpf
represents g | Ower al.kyl §roup, and R3

i ndependent | =¥ @present a | owerf=i®yl group, R4 F—O
represents a tertiary al kyl grjoup, R5 representgs a

met hyl grougy and R6 represents a | ower al kyl gpoup,
and R Ryeprdsenis a | ower alkyl| group. The ! '

af or ement regee _EY_@%'e prefer

_linear . or groups havi ng
carbon atonfs by a met hyl gr
: N % AL sopropyl groyp, gn

et hyl group
,|a tert-but gr oyp,
p, and a nggpent yl

n-butyl grg
a pentyl g an(1jsopent
group is pxeferaple
ary al kyl greuwpjduch -

group. A methyl group or a
group and a
)

- for industrial use. R4 is /A
“"ndustri al '.useCOOR‘,

as a tert-butyl group or a tert-
tert-butyl group is preferable fo

TKYF- 058 30 . [Chém cal fornmula 10] a
. 3)

%) .
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RR 00 0000 R R Ral (1) COORA (3) RROO
0. 1l B H3C-C CH3 H3 H (4) (5) . TKYF-058 31
[Chemical formula 111 RR Q.0 0 Re O CHZ H A6) (7).
As the unit (al) anong thosélcited above, the

constitutional units represented by the genera
formulas (1),
[Chemical formula 11]

- : R
(A A
v:o == 0
0 //RG .9 .
/CH2 . /O
H . _
(6) (M)

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

The (a2) unit, which has a lactone unit, is useful for
improving hydrophilicity to the developer sclution. Any of
units which have the lactone unit and can be copolymerized
with any other cpnstitutional 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 containing 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.
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(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 lactdde unit, is useful for
I mproving hydrophilicity to the devel oper sol ution.
Any of units which have the [actone unit and can be
[Ghepdlopdefiozadlawi2h any ot her constitutional unit of
the resin conponent may be used for the unit (a2).
For exanple, the nonocyclic |actone wunit includes a
group in which one hydradgen atom has been renoved
fromy-butyrol agt one. e polycyclic lactone unit
i ncludes a gr [ h one hydrogen atom has been
renmoved fromp cy¢l oal kane contai ni ng | act one.
Monomer units repres gyl by the general fornulas (10)
"to (12) shown bel owlare preferred as (a2). In these
general formul as, i s a hydrogen atom or a net hyl
group. TKYF-058 32 [fChemical formula 12] R 110- O O
(100 RR. 00O OO 2) OO

(10)
O
R . R
\{\”///i£}5 | \{\f/i/;zzo '
0 o .
(®) . 0O

O
(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)acxrylic acid norbornane lacﬁone
ester represented by the general formula (10) or (11) are
especially preferred since they are easily commexcially

available.
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(11) " A (meth)acrylic acid y-butyrol actone ester
having an ester |inkage at the o-carbon represented
by the general formula (12) above and a (neth)acrylic
aci d norbornane | actone esB&r represented by the
general fornula (10) or (11) are especially preferred
since they are easily commercially available.
TKYEHR58uB8t {die) us ta (@d)stituzionndt uhirt i dewalvadiirom
derived from (neth)acrylic acid ester having a
(medh yeoyohliie: grodup es@eirahavhgg anpal gohaliic ghydpoxyphtaining
group. The hydroxyl group in the polycyclic group
an calt@hi gl ing Hyher cadydolgebiag . hyrheo i dsgup grsup ipotiae
group and therefore, the use of this hydroxyl group
polypyevies dimtydnphnlingi tieokltbrobhd iH@iresilngroup is a
conponent to the devel oper sol ution, enhancing the
podhkagtosl 4t lideredorehe thki ght- expesesd sydwxyl group
Accordingly, it is preferable that the resin
infeoPesEhS g idlitly G&3xheWBheRrk MPEOME Scomponent to
resolving ability. The polycyclic group in the unit
theadevaRypde seleetald dnemding saseaakhphatéTubility at the
pol ycyclic groups as those exenplified in the

11%&5.:&@&&@@ §ftd he pdRbtgb 8Ll yandt Use dor ¥ AIQUA HERY the
e used with no particular Iimtation for the

reBQhY e¥fbbie St SURaFON R RIrRG: tHS)3! GeRehi §mPY8veXytesolving
group 1n the unit (a3) and, for exanple, an adamantyl

abdNQUR. oMY AN VIG A sy droxyl iar eHR Qhitheadj kfayaie helected

preferably used. = Furthernore, this adamantyl group :
fr%ﬁtnﬁ:ﬁbnbﬁﬂeaaml?ﬁ%i’é ﬁ&%cl‘ﬁ: ijfo\_\%rsaQSYtﬁBQe exemplified

represented by the general formula (13) shown bel ow

inSithee dekchapt aBnebf eghe Olini dTP(OM Nthd RS st ance

Any group may be used with no partiéular limitation for
the polycyclic group ¢ontaining 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 hydrozxyl group
is prefexably one represented by the general formula (13)
shown below since it has an effect of improving the resistance
to dry etching and the squareness of the cross-sectional
configuration of the pattern. In the general formula (13), 1

is an integex from 1 to 3.
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to dry etching and the squareness of the
cross-sectional configuration of the pattern. In the
general formula (13), 1 is an integer from1l to 3.
TKYF-058 34 [Chemical fornmg#a 13] OH), (13) Any unit
whi ch has the polycyclic group containing, the
al cohol i ¢ hydroxyl group as descri bed above and may
[Chepllyrerbzauyd t 13 pny ot her constitutional unit of the
resin conponent may be used for the unit (a3)
Specifically, constitutional units represented by the
general fdrnmula (14) shown below are preferred. In

the generdg for a (14), R represents a hydrogen
et Foup. [Chemical fornula 14] 0. O OH
! nit

atom or

(14) Iyt (a4), the polycyclic group )
“differ bm the acid dissociable, dissolution .

i nhi bit bup, the lactone unit, and the

pol ycyc oyp containing al coholic  hydroxyl group”

5 e-yol ycyclic group in the unit TKYF-058
35 (a4) in the resiwﬂggnponent over| aps none of the

pol ycyclic groups co ining the acid di ssociabl e,

di ssol ution inhibiting

Any unit which has the polyceyclic 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]

«qQ

0

OH

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

hydrozyl group" means that the polycyclic group in the unit
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group in the unit (al), the lactone unit in the unit
(a2), and the polycyclic group containing alcoholic
hydroxyl group in the unit (a3), and that units (a4)
have none of the polycyclic35groups containing the
aci d di ssoci able, dissolution inhibiting group in
units (al), the lactone unit in units (a2), and the

(a4l ciohdlhec repdnoxphpghnenp overlugs ra®) ofhahecpndtvetol s
the resin component. There is no limtation for a

grpgy cyeltad ndhaguphef athe dbhssocidhld N diSolesibn inhibiting
conponent, as far as it is selected not to overlap

gréle imitise @ik t(@lfa3kheFoacexaephelt tihe th@manit (a2), and
al i phatic polycyclic group as the unit exenplified as

thé hgolyd el i(cAlgroidy chbathsfinkosl ébico Pt Wo)tddxe 10b@dppofin
the unit (a4) and any of many constitutional units

théhahiar eaIgnwent itdRal ynikBowad) aBavd ¥rde RESiHHeY @olycyclic
resist material may be sel'ected. In particular, it is

grpups ecamt £ iRl tHe 2R3 J9BQ0BLaPDEE & HUPSutIVTL inhibiting
sel ected fromthe tricycl odecanyl group, adamantyl

grétpuPn u@its t @NacHodadecany lingtoup Recadsead)helard ehe
easily industrially available. Any unit may be used

albehole whdtod@)grold RAUindRY (B8 t BhAONCESsE Afuds tHe
has the pol ycyclic group as described above and can

rebBenCopRhyA®id zed wWith any other constitutional unit
of the resin conponent. Preferred exanples of (a4) are

Lo PR, ISR bR g Blol i) whe ot
(43\% ]QmRe%e %r'gﬂrhyéo:&;%t [T 1038 236 1 [ Chepkeabréarmt aco
overlap the units (al) to (a3). For example, the same
aliphatic polycyclic group as the unit exemplified as the unit
(2al) may be used for the polycyclic group of the unit (a4) 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 the 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 {a4) are represented by the general
formulas (15) to (17} below. In these general formulas, R is a

hydrogen atom or a methyl group.
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OO0 O1li: (16) (15) (17) It is preferable that
the unit (al) is 20 to 60 nolt, preferably 30 to 50
nolt relative to the total of the constitutiona
units of the resin componend6 because of superior
resolving ability. It is preferable that the unit
(a2) is 20 to 60 nolt, preferably 30 to 50 nolt

[Chetmarbyefoomuiselibt al of the constitutional units of
the resin conponent because of superior resolving
ability. Mogeover, it is preferable that the (a3-
unif is 5 #0 50 nolt, preferablyRIO to 40 nolt

relfativ o\the total ofyf the c titutiopal untt of
th In nponent beﬁ§ggs/9f peri or si-st ttern
con iguraLLEp. Furt her <11 IS preferable tlhat_the

(a4). unjt’is 1 ta 30 nolt, pkefegably 5 to 20~ TPt

because bf superior resolving ability fromi gol at ed
patterns?to senmi- dense patte [
.(al) and]at |east one unit s

(a2), (g3yand (a4) can be TKYF-058 37 approprtrately
conbi ned cordance wi th _tfre_i nt ended pur s

t er pol W« otfposed of the (al), (a2), )
Is pre ¢y because -of t dr.i or resi st

resi stance t ,

ase, the pr @

nhgf (al) t§ ar e
ds

configurg \, exposure
and resg ability. It
cont ent e constitutiona

20 to 60 mof % for (al),, 20 to 60
(18)

A W
for N/
(17

It is preferable that the unit (al) 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. 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 ig 5 to 50 mol%, preferably 10
fo 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 (a4)
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

selected from the units (a2), (a3) and (a4) can be
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(a2), and 5 to 50 nol % for (a3), respectively.

Al t hough the wei ght -average nol ecul ar wei ght

(hereafter based on pol ystyrene standard) of the

resin conponent for use in3%he present invention are

not particularly limted, it is preferably in the

. range of 5000 to 30000 and nore preferably, in the
apperme adel8000mkban20000. avabudsntargetht hba ihtsndedhgeurpose,
may deteriorate the solubility of the resin conponent

a tentm e eshpbssdl vEnthe whimies stal)l,er(aal mes fay) is
adversely affect the resistance to dry etching and

prefernrdbsecentd afialticonfiguriatd aesdktr paitstrpatbefaguration,
The cycloolefin resin is preferably a resin conprising

expheucomsitding, i aealisttahte( 8b) he®p) esehtebdlywitle ability. In
general formula (18) shown bel ow, which are

thbpt caomnsgl [Hhee gpelferabilzedonvehbs t b Qonsdddattiitendlonal units
units obtained from(al) as necessary. TKYF-058 38

(al Chesn ced) farempoa t16]600mollk £EOR(KTP, #0 Ccd %69 mdls for
this formula, Re is a substitute exenplified as an

(aaf] dagli S5 aai @ eo1di TR UBBON kBBHOEtiwgL@roup in the
unit (al), and mis an integer fromO to 3. In the
CasEAIthoMYICR WD wieS gBth-BvERBgYNhb14@D)ar theLght t(hedBhfter

is preferably used as a copolyner having the unit

baball) on polystyrene standard) of the resin component for use
in the present invention are not particularly limited, it is
prefexably 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 into the resist sclvent, while smaller
values may adversely affect the resistance to dry etching and
the cross sectional configuration of resist pattern.

The cyclooclefin resin is preferably a resin comprising
the constitutional unit (ab) represented by the general

formula (18) shown below, which are optionally copolymerized

with the constitutional units obtained from (al) as necessary.
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Exanpl es of the silsesquioxane resins include resins
havi ng the constitutional unit (a6) represented by the
general formula (19) shown bel ow, and the
constitutional units (a7) #®%presented by the general
formula (20) shown below. [Chem cal fornmula 17] O RO
Y(i H)m OX X 1o -(SIG (19) TKYF-058 39 1In the

[peneral formula, 1439 is an acid dissociable, °
di ssol ution inhibiting group conprising an aliphatic
nonocyclic or pol ycyqbi .c hydrocarbon group; Ro.is a
linear, branched, IICyCliC saturated aliphatic
hydrocarbon group: X |s an al kyl group having 1 to 8
carbon atons /e Re)meast ~one hydrogen at om
substituted fMth-a\fluorine atom and mis an integer
froml to 3% [Chepixal formula 18] OR11 X X 712
-(SI 331 (20) '

(18)

In this formula, Ry is a substitute exemplified as an
acid dissociable, dissolution 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 (a5), 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]

Q O0—Ry
" {CHg)m
;
X X
Rie
——-{émhm)
(19)

TKYF-058



In the general fornmula, R11 is a hydrogen or Iinear,
branched, or cyclic alkyl group; Rz irs a |inear,
branched, or cyclic saturated aliphatic hydrocarbon;
X is an alkyl group having3% to 8 carbon atons in
which at | east one hydrogen atom substituted with a
fluorine. In the aforenentioned (a6) and (a7), the
aci dnditBsogrndral femslstuthoohsi ahi dFid Ml sigble,
_represented by Ry is a group, which has an _
disgqdartiiogo |1ubu%ntyng NBEORP | S ieparx wns 8laghebic mke
all the sil sesqui oxane resin conponents ) )
monp it iq mopaBlyeycpitohydpoeieben tdnsmrdpRyo prioGeddnear,
and di ssoci ates the silsesquioxane resin conponents
briyycherd aut icyeldt sataciatedpabipicatlid mydndsarhendgroup: X
generator after the |ithography process, thereby
isnaki gkl lgnche diavdegqli braBecaesem amidmd ilosolhdpheat least
TKYF- 058 40 Exanpl es of such acid dissociabl e,
ondi spdtegeromtionhismibisitigutgdoupshi act Wder idwsdom; and m is
represented by the general formulas (21) to (25)
anb&hveydraviimgn Hy dreo@ar bon groups contai ni ng a bul ky
al i phatic nonocyclic or polycyclic group. The use of
[Chianscati tbrrilesddlabl e, di ssol ution inhibiting group
makes the dissociated dissolution inhibiting group
difficult to gasify, preventin@Rfje group from
under goi ng degasi fyi ng phenonena. [ Chemi cal fornula
19] H3C H3C H3C (21) (22

R12

— (S0,

(20)

In the general formula, Ry is a hydrogen or linear,
branched, or cyclic alkyl group; R;z is a lineaxr, 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 a fluorine.

In the aforementioned {(a6) and (a7), the acid dissociable,
dissolution inhibiting group represented by Ry is a graup,
lwhich has an alkali-solubility inhibitive property so as to
make all the silsesguioxane resin components alkali-inscluble
prior to the lithography pfocess, and dissociates the
silsesquioxane resin components by the action of an acid
produced from the acid generator after the lithography process,

thereby making all the silsesquioxane resin alkali-soluble.
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H3C 3 (24) (25) RO preferably has 7 to 15 carbon

atons, nore preferably 9 to 13 carbon atons unlikely
to produce gas upon dissociﬁiion and ensure proper
solubility in the resist sofvent and the devel oper
solution. The acid dissociable, dissolution inhibiting

r ou y b sel ected fr.o for., exa e, nmany..ki.nds
e TR PR SO e S S+ G- SAOPBELeR EORBONT T on
for ArF,excinmer |aser dependin n the light source
9T ooy SLENE a8hT B g SR FAS KT RYE L8 ST nbRaBt Ay (21
t hydr ocar bop group contai ning an aliphatic
to (ORI CEHPE DRV bR CYCr g BU s oee FAPES LOEFE BdPky
di.ssqci abl e, djssolution inhibiting grOU£, whi ch f?{ns L4
aLyphAtitar PORPRYFLEST 8F B tYFYHE CAPRyl GroupSorot this acl
. (ne%g%&crych ?Cid is_mﬁdejg&knomn. In particular
digsge §rdAdsseiublen HPRERH LD AT AU MERESn G Gr oup
. containing. an aliphatic polycyclic group is .
diggaietss) g}S#ﬁéuSPPaha@hbbJp NEVEIQUP Giddd-ovay be gasify,
appropriately selected from many groups proposed for
PTYHOTANY thes DEPUPFEEoBX UAPEEIOIHE 489 Fid% hpeBEPR -
roup includes a ?roup i n which one hydrogen atom has
[ cednbPEBULRoP I bi cycl oal kane, tricycl oal kane,
tetracycl oal kane, and such, nore specifically,
pol ycwet oal kane i ncl udi ng adamant ane, - nor bor nane,
i sobor | cycl gdecane, ‘tetracycl ododec
such. 8 :
HzC

HaC ™"

{21) }
G (23)

CH,

HyGC

(24) (25)

Rs preferably has 7 to 15 carbon atoms, more preferably 9
to 13 carbon atoms unlikely to produce gas upon dissociation
and ensure proper solubility in the resist solvent and the
developer solution.

The acid dissociable, dissolution 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
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Anong the aforenenti oned general fornulas, the
si | sesqui oxane resins having a 2-nethyl -2-adamant yl
group represented by the general formula (23) and/or
a 2-ethyl-2- adamantyl grouft represented by the
general fornula (24) are preferred since they are
unlikely to cause degasification and have excellent
compesest ofr bherhydso¢achenli gupuresobtirhgiabi pnt §liphatlic
heat resistance. Each of RL10O and R11 has preferably 1
morntogy20 icnorepopyefel &bl grdip.o E2nearbby, atlogrsaditbm t he
vi ewpoi nt of enabling to control solubility in the
digsssiisbleel déatointioheinplicuirgr groiupe. whacpaEer@sl ar,
the cyclic saturated aliphatic hydrocarbon group, '
temitiiaoly Rakyaneateanvagk thetdrmtbarhd cicaipned TRyFhDagrylic
42 sil sesqui oxane resin has high transparency to high
ackBhergwidelghknoanhi gh gl ass transition point (Tg) to
easily control the acid generation froman acid
genarapartduniag, PERe( Posd - d Bxqrasiuid-eBakiimgplucdon
preferable. The cyclic saturated aliphatic hydrocarbon
inghieiy rp g eepa commRdey el angadiphatia@ pel wepadllicc group is
group. The polycyclic group may be exenplified by a
prifeidgbld, Wrhehal wphhydeogehyafcns: havap hegn beenoved
from bi cycl oal kane, txicycl oal kane, and
appebdparycd DAl derast e rircapacnl/i gablys poepesnddnsdyr the ArF
nor bor nane, isobornane, tricycl odecane, and
rekebt acyelrodadapare. ther aliprat it cpedanptles: girdibo iardudes a
R12 i nclude those groups obtained by elimnating two
grbydr ogewh adlond roydr&sae Gitiove hagl begnl remcoap ofnos
represented by the general formulas (26) to (31)
bishenna bedowy ofrDleyd ved1 et heteetbycloalkane, and such,

more specifically, polycycloalkane including adamantane,
norbornane, iscbornane, 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 Ryi; 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

hydrocarbon group, which has an advantage in that the obtained
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[Chemi cal formula 20] O (26) (27) (28) (29) (30)
(31) The derivatives nean the alicyclic conpounds of
the chemcal fornulas (26) to (31) above having at
| east one TKYF-058 43 hydr®4en at om substituted with
a group, e.g., a lower alkyl group such as a nethyl
.group or an ethyl group; an oxygen atom or a hal ogen
silkyesAudeeAngsTERLBr AS, NEW oriansPagensYofPnBlgh ARRRESY
. these, a group obtained by elimnating two hydrogen
lightoms fviem gh2api Eyenséttommmind s@iddcted epedhyt Rentxol
group consisting of the chemcal fornulas (26) to
the 39id gepespéiabl 6rosi aveatid eananajien Candpar ERBy (BT
is easily industrially available. In addition, Rl1l is
Exppaitra-@sikiing) | owsr pakkgkagieup with 1 to 10 carbon
atons, and preferably 1 to 4 carbon atons in terns of
sol Uid icyglin shturesedt abophatiiic Hysimeospbenf gealpynay be a
this type of alkyl group is exenplified by a nethyl
mogroyplietdgndupgreue, polypeyklicogpoup sofheppolycyapicngroup
butyl group, sec-butyl group, tert-butyl group,
magyké opemipllifigrbolyy, acyabobexyl whtcuptwe-Erdnddrmexdtoms have
group, an n-octyl group, etc. R11l is appropriately
bese| eetheded ribmnt kel afcdroatdrinegnedicgahdi tedms, dependi ng
on the desired alkali-solubility of the
tesrhseshenbxane mesian.spifeifiBRllys adiyanbgees, atorgornane,
al kal i -
isobornane, tricyclodecane, and tetracyclododecane.

More specific examples of Ryg and Rj» include those groups
cbtained by eliminating two hydrogen atoms from respective
alicyclic compounds represented by the general formulas (26)
to {31) shown below or derivatives thereof.

[Chemical formula 2Z0]

O O O

26) (27) (28)

o

(29}
: (30) @31

The derivatives mean the alicyclic compounds of the

chemical formulas {26) to (31) above having at least one
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solubility reaches the highest |evel. Hi gher
al kali-solubility has the advantage that sensitivity
further inproves. On the other hand, as the nunber of
the carbon atons of the al4yl group increases, or as
the al kyl group becones nore bul ky, the
al kali-solubility of the silsesqui oxane resin
hydtegeni etahesubsisi e iwiddl wbigriovy, det 8r i oz at@ter alkyl
resistance to the al kaline devel oper solution
graupprsocbsaand héehel opequm oY iavheghaphUconBr gin PEYIYe
enhanced in formng the resist TKYF-05S 44' patterns
atarsi ng tehéadiolgses gdricox anetr esi flandineyvachberbpe or bxromine.
size involved in |light exposure reduces. Furthernore,
Amermp\dreses s ai grdepebbpakned ney dldndnatiingt sdo AWdrogen
roughness in the edges of the forned resist patterns
atdms i fgunowedallioytheécgeonpaind osaidcsd Fpomande( 2OPrp X
is preferably a Ilinear alkyl group, in particular. A
coh@ierimd kol tgreonhewithllforpuBasatdimn tat offe )i s.s preferable
preferably, and a |ower group with 1 to 4 carbon
siRtONBt alss Mikd prehepabkyiciynahér s afsilhe igldssrially
transition point (Tg) of the silsesqui oxane resin and
avaPlawidjty in the resist solvent. The al kyl group
preferably has hydrogen atons as many as possible for
bei ngn sttt edk,, id pfdfeanbng at bovesi atkyl hgroup with 1
transparency to high-energy |I|ight or electron beam of
o200 BaTEsn Sl Hrd ipRYfaret]l vanhdtot hecatkyh growup iirs
nost preferably a perfluoroal kyl group in which al
telrhe By JdsODER BitOfEiMmriehe uhatistusedvehth fl uorine
atons. Each X may be the sane or different from each

Mogkhepecificd ey gentersl £ oy raf alkld) groupaysbexamplified by
integer of 1 to 3, preferably 1 to easily dissociate

a weehgti gréipsost@Pl egroup, propyl group, isopropyl group, n-

butyl group, sec-butyl group, tert-butyl group, cyclopentyl

group, cyclohexyl group, 2-ethylhexyl group, an n-octyl group,

etc.

Ri; is appropriately selected from the aforementioned
candidates depending on the desired alkali-solubility of the
silsesquioxane resin. When Ryy is a hydrogen atom, alkali-
solubility reaches the highest level. Highex alkali-solubility
has the advantage that sensitivity furthex 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

lithographic margin may be enhanced in forming the resist
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di ssolution inhibiting group More specific exanples
the sil sesqui oxane resins include those resins

of

represented by the general formula (32) or (33) shown

bel ow. TKYF-058 45 [Chenic%t fornula 21] 11 R5 OH
H2C-- G- O F2n+i C CnF2n+1 12 F2n+16 n Cnp2nrl 10

---(SIO -(Si™Bf2} (32) (33) In _the formul as,

I%’ L]
patfegnsRugingnbhe 8 bSe PRI eRsABdanghBvERT Fpelon LD

constitutional units (a6) and (a7) typically conpose

sizp inyolyedndndl ighef e¥pePyroradceeo nbrrtheriare:,

preferably 100 nold of the entire constitutional unit |
unewmAesg thedsvpiengenbxane pestininatre, predeppughness in

invention. The ratio of the constitutional unit (a6)
the eddes ©dt sheoforppd comset tvattrrals d§i d8Pragrdand

(a7) is preferably 5 to 70 nol % and nore preferably

10 tl; AdengeherThefoamibasf (1He ansord@Oit uki dRaPrafefably a
(a7) is preferably 30 to 95 nol % and nore preferably
1i66at ;19 lmgirdupBy isepeichgcbherr ati dowkrt hékyl group with 1

constitutional unit (a6)

to 8 carbon atoms is preferably, and a lower group with 1 to 4

carbon atoms are more preferably in terms of the glass

transition point (Tg) of the silsesquiocxane 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 perfluorcalkyl group in

which all the hydrogen atoms are substituted with fluorine

atoms. Each X may be the same or different from each other.

In the general formula {19), m may be an integer of 1 teo 3,

preferably 1 to easily dissociate the acid dissociable,

dissolution inhibiting group

Moxe specific examples of the silsesquioxane resins

include those resins represented by the general formula

or {33) shown below.

(32)
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within the aforenentioned range, the ratio of the acid
di ssoci abl e, dissolution inhibiting group is
automatically determ ned and therefore, the change of
the alkali-solubility of tHAe silsesquioxane resin
before and after exposure beconmes suitable for the
ase resin for the.positive type resist TKYF-058 46
[éhﬁﬂ%ﬁ§ﬂt¢8ﬁmu#%e2%]Isesquioxane resin may have any
constitutional wunits other than the constitutiona
units. (a6) and (gy) to ghe extent that they are not
detrinmental tot effegts of the present invention.
Exanpl es thereof |j nclude\thgse units used in apy
S|Isesqu!04§£g Lgsin / ciner |aser resibt
conpositionsSjfe.g., &
represented
havi ng an al
an et hyl. R
[ Cheltrnetiin C2Pdmq R 5103/2'~-~ (34) The| ?
wei ght - average nol ecul ar wei ght (My) of the_ —_ L.
si | sesqui oxarpg,r esi ns (based. on pol ystyrene ST ATl
by way of gql per meati on chromat ography) is not in
particul arLidiht but is preferably any val ue of
2000 to 15000 attf nore pre&giably any val ue of 3000 (33)
to 8000. A val ue above this rJnge deteriorates the
solubility in the resist solvent; while a smaller
val ue ‘may make the cross sectional configuration of

| group

In the formulas, Rs, Rio, Riz, and n are those as defined
above,

The ceonstitutional units (a8} and (a7) typically compose
30 to 100 mol%, preferably 70 to 100 mol$, more preferably 100
mol% of the entire constitutional unit forming the
gilsesquioxane resin of the present invention.

The ratio of the constitutional unit (a6) to the total of
the constitutional units (aé) and (a7) is 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 90 mol%.

By setting the ratio of the constitutional unit (a6)
within the aforementioned range, the ratio of the acid
dissociable, dissolution inhibiting group is automatically
determined and therefore, the change of the alkali-solubility
of the silsesquioxane resin before and after exposure becomes

suitable for the base resin for the positive type resist
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the resist pattern poorer. In addition, weight-average
nmol ecul ar wei ght (Mw) / nunber - average nol ecul ar wei ght
(M), nanely the degree of @glyner di spersion is not
in particular limted but i% preferably any value of
1.0to 6.0 and nore preferably any value of 1,5 to

TKYF-058 - - ---------n--- 47 . 2.5. A value above this
compig&imay deteriorate resolving ability and pattern

configuration. Having the silsesqui oxane backboqg_ 1

conPosedibsetwblonafs tiaD &3 barpt IRV a8 i (=2

the silsesqui oxane resin of the present inventi%? ﬂ?sth
unkigyletheanspanchey Tonst Hrehagy uitgndabt 268 e bro© the
- shorter wavel engt hs and el ectron beans. Therefor

extért JoBit itheyt ppe neti detebmisty iteh tEeneALRFhE Phethe
si | sesqui oxane resin in the present invention is
preseatntiageatdby . uRsbnpl 23 tthagreafhyngdnag BhesgrEnits used
source at a wavel ength shorter than that of, e.g., an
in/Ae Fsekedwpriokaser resandfopahtF cekainar lpsgr resist
singl e-1ayer process, the resist conposition can form
compb el sesi st gpat Bakylhalsrgqaibkaee Wths tepremgntegdsby
150 nmor less, and further 120 nmor less. In
thaddetéoal fdmemgesiBidve shppe bedprwt bawgusian ¢l kidy BFeUP
used for an upper |ayer of a double-Ilayer resist
(RI' api satkdabadmedthyvds gricwphe ansetbyli arovie, pr quesy bfaroup,
formng finer resist patterns wth Iine widths |ess
ort habubylegualpt o 120 nm and furthernore |ess than or
equal to 100 Timm The resin conponent for use in the

[Obgaicaye fopeilreedi2dt  conposition is not particularly
limted, but specifically it

|
—{- Sio;/p_ 9—-

(34)

The weight-average molecular weight (Mw) of the
silsesquioxane resins (based on peolystyrene 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 prefexably any

value of 1.0 to 6.0 and more preferably any value of 1,5 to
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is preferably a resin conmponent as described below As
such a resin conponent, the resin (a8), a resin
conmponent havi ng two ki nds of functional groups in one
nol ecul e whi ch may |ntranolegularly react to form an
ester through dehydration by acid action generated

t dded [ t, I
2.3 ot oaRe gavge%ﬂe%“‘e%né‘me G diRE IPREER EEApOTT
k TKYF- 058 48 f bl

ab?ff@ é ﬁ%ﬁm§r%?%8§ oF“FBEEPPonaI groupsprﬁ gL: y

221 ZP?éjélen@est&ei 54 SRERuT AtRRF ok Gapeose I‘%%”‘tﬁ”
cof R D e i ot s 3.%%@h22‘ﬂ>fﬁéﬁé’fx%:'f 14 ngaRe resin

?éboﬂ%llc acid ester. . In other words, these Loups

fa EW%S%‘%Q%R& hasanigholEanFes s $Rh Ry Tyl energy

15 ﬁt §$ such re for exanple, resins, which have
g Oﬁy ﬂﬁém@us r&‘ﬁ? HayedenoEhst apfec HRCkIn beams.
car roup and carboxylic acid ester group in the

ThEFREOE al SIPTHE IR (F YR FoF iskeCerBAsiGien containing the
.Ereferable In addltlon as the resin conponents, the
S11EEPHULERPRMSTRSYIR Wit @Erssenéodpuselier 5 pol yner
havi ng a dicarboxylic acid nonoester unit, is also
adHFEF@BﬁBP%lYNF%ﬂ Het Midirgraphe) using pebishtopporentat a
hayi ng at | east constitutional units represented b
Wa’?’ﬁengFFoﬁ\P?\@t%”er@?E&} thagy mfi-a -3y shobkE bereimer laser,
Chemical formula 23] OH_ O
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 intramolecularly react to form an ester
through dehydration by acid action generated from the acid
generator added simultaneously to the resist material, thereby

making the resin component become alkali-insoluble, is
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OR13 (35) Inthis fornula, R 3 is a hydrogen, alKkyl
group having 1 to 6 carbon atons, or al kyl group
havi ng a pol ycyclic ring %@ucture such as bornyl
group, adamantyl group, TKYF-058 49 tetracycl ododecyl
group and tricycl odecyl group. Preferred exanples of

prSHEEEE R TR BN o AIPPOLUTEL SaBlugs i one
mog@e\gign@u%ﬂ 6Q eq E&%ﬁgyﬁgm fzoexa/c%! I 'kogﬁ{ N gpex”

an a- rox a acrylic aci ester

deé%%&béé“ﬁgﬁgyﬁ’ e%%%gz% ggﬁpgegggér%%?qﬁ a;}y§@§o%¥ge

nononer sel ecte cry

ar and at eg&t % y rg{gggg' k%o%ﬁ%%érx%elreccél%i lrsiéél 88! the

t Al II t t b d d
R 'nEZ i asﬁ%%ﬁy?a TR BEnGhorefes,

idhig %o%;%%;‘%»éca&ah%dggfse R S o epins an
d I d h I 8-2

B b B SR

o BRI SO e B SSR P S L o

xboxyl at e, | east one ,menber selected from
Ca’é@?w ﬁ C 254 ?Fé't%é’r‘iﬂqpc Beitge éﬁdﬁc%@’r% %’Eu‘&lealwn
and an nmet hacrylic acid aIk ester. Exanpl es
resfmt ﬁ%e%%l%b(faﬁ%ﬂ egﬁ%ﬁ& b B8 AR oIt Feoin
- X d and the a- roxyglkyl%acryllc
po en s, he resin com nt (a9},  which” 1s composed of a

pelymer having a dicarboxylic acid monoester unit, is also
preferable. |

In other words, ({(a8) is a resin component having at least
constitutional units represented by the following general
formula (35) shown below.

[Chemical formula 23]

(35)

In this formula, Ri3 is a hydrogen, alkyl group having 1
to & carbon atoms, or alkyl group having a polycyclic ring

structure, such as boxnyl group, adamantyl group,
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as hydroxynet hyl, hydroxyethyl, hydroxypropyl and
hydr oxybutyl groups. Anmong4?hese groups, the
hydr oxyet hyl group and the hydroxynethyl group are
referably used to easily formester. Exanples of the
teﬁ?ﬂawdﬁﬂeéﬁﬂﬂ nI¥PER sk |t eistvsrl ggecyilogroup.- t he
a- (hydroxyal kyl) acrylic acid al kyl ester include
| owBESLgFkef eFdlpes fclFuamdh aemenhylingtodn, patymetty |
group, a propyl TKYF-058 50 group, an isopropyl
DOORRE YUgE SN OT haepe l grenm), Gatdd- owiplcigedupf at least one
tert-butyl group, and an anyl group; and bridged
LYBsolofc Fenoaerhyde beatrdd nf o ups o-Sigkirasyalkyl) acrylic
bicyclo[2.2. 1] heptyl group, a bornyl group, an
aclgdamenepl ogribugroayalkyl)acrylic acid alkyl ester, and
tetracyclo[4.4.0.12.1.17' 10] dodecyl group, and a
copEliyaneiso[(B522 1. 0@ntt teny|ofyraduifledst bhe akisyl ogrnsipondr
the ester portion has the polycyclic hydrocarbon
selgted, fresi shane¢hydoosdralletlchioly lis ebfiachhyely o-

i nproved. Anong these al kyl groups, in particular,
(hydoweyadkiry) geoupse adidhalael dgtexpansi we LeAPONSHs Stype
and easily avail able as an al cohol conponent to form

of sonemeri selladtad fihen nidbte:grathyldoieaetBylinsgtepteq
the propyl group, and the butyl group are preferably

carpoaglivhernidnyndfetiopbiniddly efistittirias cdSedrbaRylate.
esterification occurs with the hydroxyal kyl group as
wel Fhaspohyhées ¢ gathaxy lp reffeaépl Wwhhkc@u8dCBhogfiymers of an
esterification does not readily occur when an ester

o- (hydiroryed kwil} Act ki e rassd ldmketh pel (#§¥ebikgalkyl) acrylic
hydr ocarbon. For this reason, when an ester o? t he

acidr ed&yll esked, pahycyehéd ccdpainaeardqagi-2 )i preedussdy
into the resin :

include copolymers that contain, as anothex ethylenically

(

unsaturated carboxylic acid or ester of another ethylenically
unsaturated carxboxylate, 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 hydrozyethyl group and the
hydroxymethyl group are preferably used to easily form ester.

Examples of the alkyl groups in the alkyl ester portion
of the o-(hydroxyalkyl) acrylic acid alkyl ester include lower

alkyl groups, such as a methyl group, an ethyl group, a propyl
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conponent, it is preferable that the carboxyl group is
si mul t aneously . connected to the side chain of the
resin. On the other hand, é%hnples of ot her
ethylenically unsaturated carboxyl ate or
ethyl.enically unsaturated carboxylic acid esters in
gropgg- 2y ifePheRyLin3teWR at®y Ntk diPacidd §eSuEHtYE group,
acrylic acid, nethacrylic acid, naleic acid, and .
a teghebpevhoirPruandrg eyl aegiegzsosnehand bptdagad podikyrlic
propyl, isopropyl, n-butyl, isobutyl, n-hexyl and
hydgeegrooqkyoQss Suchegiser bicyhéséludshipritdd group, a
carboxylic acids. For the al kyl group at the ester
borppit goeyp acay|ddansgityl @xoeps 8r net hacrylic acid
esters having the cross-1linked polycyclic hydrocarbon
tetgroupdo by be- 1isdd i it Hodeaygl agrdiry sl 22 2. 1] hept v
group, a borqyl group, an adamantyl group, a
triggelad§c? ol [ 0% A1 deuyi2 g-olip.- 101 £ dolte cad kygr auppupand the
tricyclo[5.2.1.02" 6] decyl group. Anong these al kyl
estgroppstioachys i thagal yandliet hadrykcatbani drowp t hetgistance
| oner al kyl esters including nmethyl,,, ethyl, propyl,
to dmg atbhiyy bsteffedrierey efmpiralied. uskchng rctese rAVA
conponent (a8-2), the nolar ratio of at |[|east one
grouppe of peantienlam, tlcsedrecidylf geasuas,avhich are
(hydroxyal kyl )acrylic acid and an a-( hydroxyal kyl)
ineaprykive aondoadkys =8t erasidlyataived lbblat abeastaboeshol
type of nonomer unit selected from anot her
compbhghéntoafbymuasiat, atred wwhimbopoxtylel methgildgaodp anche ethyl
et hyl enically unsaturated carboxylic acid ester is
groppef Ehabpyopplt fecumngendftifer dmt3Q: §@obp 85eSpreferably
especially preferably 50:50 to 90:10. If the ratio
useblet ween t he nononer

When any of lower alkyl esters is used, an esterification
occurs with the hydrozyalkyl 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. Foxr 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
simultanecusly 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
carbozylic acids such as acrylic acid, methacrylic acid,
maleic acid, and fumaric acid; and alkyl esters such as methyl,

ethyl, propyl, isopropyl, n-butyl, iscbutyl, n-hexyl and octyl

TKYF-053
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units is within the aforenenti oned range, ester may be
easily forned in a nol eculg or between nol ecul es,

achi eving superior resist patterns. The resin
conmponent (a9) is a resin conponent having at | east

corSang HLLSTOL ML LA PRSIER RO 1 101 ot ns
oo R B0 MU o Jeol i v

oorBi4, 00afRF B erchl O SRR YLD rd

rerGhRLEL i, B TR

S N R R AL -

o <FERSET-FRATEIT SA ey 3aRes] Shebi U5of Docevee o

coslRORTEST: UG AR, e P (ool elanes Lo,

acrylic acid and methacrylic acid or their lowexr alkyl esters
including methyl, ethyl, propyl, and n-butyl esters are
preferably used.

In the resin component (a8-2), the molar ratio of at
least one type of monomer unit selected from an o-—
(hydroxyalkyl)acrylic acid and an o-(hydroxyalkyl) acrylic
acid alkyl ester relative to at least one type of monomer 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 ratioc between the monomer
units is within the aforementioned range, ester may be easily
formed in a meolecule or between molecules, achieving superior
resist patterns.

The resin component (a8%) is a resin component having at
least constitutional units represented by the following

general formula {(36) or (37).

TKYF-058
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the liquid imersion Iithography process. These
di carboxylic acid nonoesteg conpounds i nclude fumarie
acid, itaconic acid, mesac i c acid, glutaconic acid,
and traumati c acid nonoesters. Preferred exanpl es of
LNs+having,th I carboxylic acid nonoester units
EC&%@FS%& §8F?ﬁ%?sf%f copol yners (a9-1) conprised of

di carboxylic acid nonoester nononers, and copol yners
(a9-2) conprised of dicarbgxylic acid nonoester
monomer s .and &H| east one type of nononer .sel ected
fromthe a TKYF-058 53 (hydroxyal kyl)acrylic acid,
a--(hydr@ yl) acrylic aciga .ester, another

¢ et hykgni cal | y\unsat ur at ed cé boxylic¢ acid, and

anot hek et hyl ghical | y unsat Uiat ed E%boxylate. The
resin onpofents of the negaXiMveAype resist nay be
used ei individually orAn c i nation of two or

mor e_t fer eof .

Jhe wei ght - ay
t he ?ﬁ%in co

fent is any
and prq% bY'y any (val ue) of
the resins, Yhe positive type resi
acrylic resin bﬁﬁl) to (a4)) are t gositive type
resi-sts contaPhithg the resins with PBiatively high
resistance to liquid imersion, but as the size
becomes closer to |i{@) resolution si§§7in l'i quid
i mersion |ithography, pattern resolu |3n tends to
deteriorate. The cause of lowering resolving ability
i s A8t thpnfeeruiasa Riinghd Raceoe, caph, allyl ghedms mgving
such factors, it is considerably effective to
0 tQoRplcetdry aEpuFat Big A8 Rniebstohuepfubavinomit Heast two
resist film by formng the protective filmof the
aligyveddt StAWekreA; and Ry» and Ris are a hydrogen atom or an

rage
val ue

| ecul ar wekght of

1000 to 50000
to 30000. Anong
ts using the

alkyl group having 1 to 8 carbon atoms:

The negative type resist composition using a resin
component havinglthis 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 lithography process. Thesze dicarboxylic
acid monoester compounds include fumaric acid, itaconic acid,
mesaconic acid, glutaconic acid, and traumatic acid monoesters.

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

monomers and at least one type of monomer selected from the o-
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A positive type resist that includes the

si |l sesqui oxane resin ((a6) .and (a7)) or the negative
type resist that includes ?ﬁe specific resins (a8)
and/or (a9) is considered to have poor liquid

' rsi.on.resistance, . as coppared tqQ. the. positive .
(nyd AR &) aﬁﬁ’ﬁ@‘:t ARSI o elTBroead kidd y PPEY 1 481 640

and the suitahility of this resist for liquid . )
LR alrﬁ%grr Sy 1R <BL I nPRav b B herAEP R ie acid,

rotective film of he present invention, ,
ancguarrﬁ%%’faﬁoﬁggyb(ﬁgﬁcﬁﬁeyc Polertsd (cegPrRrvdagsed B resin
oS Een TKYF-g 8 54 in the Conparative Exanple, it is
COMEBA AL 5PPeBRIRTIRAL LYRS SRS PRy BfclhaBretifher

. r.esi S a very poor liquid imersion |ithography

indifBiddalide Srviroronakest £40 (o d8H 19 i FDeRcAE. The
pattern. Even a positive type resist containing such a

We LR R VEIRIFe MO A Yoldhluri theeiesiion compRoghBphy any

y using the protective filmof the present

{(VaIRfdnCiton 00U tPhEPABP eand grre frr atdli agendralyes of 2000 to
conbined with the resin conpositions for the

3008 r enent i oned positive type resists or negative type
resists, any one may be selected from the known acid
genéfangr heoreshani chhe yaridlivie dypeesiesists polms|the

Aﬁ}ual exanpl es of the acid generators include onium,
ACIY s regddn (431di pRenf ) boors urha mddifdrvemitypaneesists
sul fgnat e

, 4- et hoxyphenyl henyl i odoni um
coqqqqqyygrghgt%gﬁénguwiéga;@gégfgelglhigh resistance to

. bLs(p-tertxbutyIphenyl%iodoniun1trif|uoronethane
llgﬂﬂq gsion, but as the size becomes closer to limit

resolution size in liquid 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 (a8) and/or (a9) is considered to
have poor liquid immersion zesistance, 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

TKYF-058
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tri phenyl sul foniumtrifluoronethane sul fonate,
(4- met hoxyphenyl ) di phenyl sul fonium trifl uor onet hane

sul fonate, (4- nethylphenyl&ﬂlphenylsulfonlum
trifluoronethane sul fonate,

(4- nethylphenyl)diphenylsulfonluntnonafluorobutane
t -t t l.ph h |
in Fer B8 B%P%E%ttétl i ate  iBRERy FPSkohi TLeL that
, b t |
ind) O8RS, PBP CORLIOT LA 1 35 b A n SREF| BEPELLE G

sul f.ona hen Isulfon|un1nqnaflu robut a ,
lHM§&Pﬂsﬁaﬁéth°%za$b¥f RRTIR | SR FarBReny | SRIHIRhE to
£ trlflﬁgronethane TKYF- 058 55 sul fonate,

oxy & PREEESRomet hyl phenyl ) di phenyl sul f oni um
nonaf | uqr obut ane- sul fonate, and

Eveny i3 pogd VBt YPRhERSE TS (FIBMAFNG isticBoPoR8EhANEaD be
sul fonate. Anong the oniumsalts, a

apﬁlr%%éﬁylléﬁpﬂénﬂﬂ%‘t%a}?n Wi R aRies Byot:siagdihg
deconpose .and produce organic gases, is preferable.

profipetivending afotRe BFeseRt t FRYRRIMASUl foni um salt i s
preferably 50 to 100 nol % nore preferably 70 to 100
nol FPrERRAMRESY PPEf BRanSid clEnRNdtans sombaneg yheh the
total anount of the acid generator. Anobng the

regih SEmAsdtioes; @mrsab?safar@m@%:e@m%m&imwm tympt
represented by the general fornula (38) shown bel ow

re%’aﬁi‘ﬁt@ra NeSHYS SAPRy FSBLEBAL caRyi eng dwuParedmcsRd Lrom
is especially preferably used since high sensitivity

the dnoye el dragratorenitesl chemhppblesamplified resists.

[0156]

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

{4-trifluoromethylphenyl)diphenylsulfonium trifluoromethane-
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RI9 R20 O S+CpF2p+7503 o R21 (38) TICXF-058 56 In

the fornmula, each of R19, R23, and R21 independently
represents a hydrogen atom ) | ower al kyl group havi ng
1to 8, preferably 1 to 4 carbon atons, or a hal ogen
atom such as chlorine, fluorine, or bromne; and p
sulBoMxd Nteger of 1 to 12, preferably 1 to 8, and nore
preferably 1 to 4. The aforenentioned acid generators

: I h i t WO _or e kind
(4 7R T8y AR B RRNRA LD P G e St e
suPronR@Lt s,y mass and preferably 1 to 10 parts by
mass relative to 100 parts by mass of the

for 1t j ts, At | t han 0.
e S{0LEIPOIA SNPR SN SATANER! By L ESEo LD Sulconate.
ti i f d, whil t t han 30 ts.
by it Fe e dad%en f rerer iR Fret g1® Vhich
.1.h t tability is likely t .
doBEHEL Srafd M Rle SHM Y oM Bragibe Bregic reatay, i
PrETEESDUF ng e bLESHA Bc SEBHENEE FHe HEKhgBHERToRIh salt
. _and %he 0 tig&a%)co onents described bel ow N
SpPef ?5ﬁ?§y| a &#ggﬁ? goMpPEft PredpreReYof Yafp c100 mols,
ol vent a9¥ éﬁfaﬂ!c sol.vent may be used wth no
a“gaP‘PF uPEPEFT AR Hact Oh Wit Fed@tiars 61 Bet hetaksipount of

th%oggggegggegggoépe acid generator to nake the solution

Among the triphenylsulfonium salts, a triphenylsulfonium
salt represented by the general formula ({(38) shown below
having a perfluoroalkylsulfonic acid ion as.an anion is

especially preferably used since high sensitivity can be

achieved.

[Chemical formula 25]

(38)
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honbgeneous may be used and any one, two or nore
solvents may be appropriately used by selecting from
the known solvents for chergcally anplified
conventional resists. Exanples of the organic solvents
i ncl ude ketones, such as acetone, nethyl ethyl

ket m?ﬁ,tll‘éycfloQﬂlﬁlanOQQCh F@E hyl., 1 8gamsbg kgt Qﬂﬁepé@ently
2- hept anone; polyalcoho s and defivatives thereof

refidehs a‘ikycﬁclé:@lénaétshhyé eDSwQJ: y&Pi(%e%& ge'ﬂ%vgh%icgl to 8,

nonoacet ate, diet hyl ene gl ycol al yco

préEneace} at e [ Qﬁ&lb%ﬂeatghéﬁcob QrHQYJJ Olsuch as
nonoacet at e, di propyl ene gl yco nonet yl et her,

chi®noed hyt et defne MYION I;{ét h%'h )an]%o%lﬁt YLInQE EL 0f'1 to 12,

nonophenyl et her ‘of dlprop ene nonoacét at e;

préf&din g1els 5 Sy 9@ aR.dl 8 %éa@sraspg gfgrp, such as

net hyl actate ate acetate, ethyl

acet'lerlee’afﬁgéﬁ zﬁlﬁ%‘h@'deacggt g¥ne§?¥{:és':‘:’§tx§a e}%%mﬁlsed alone or

pyruvat e, met hoxypr plona

o SR G001 o5 PR OB ol Tl . o
h f

enf NEEER ged OB E POSK! (UG 10 gtP'yvgBt SefFaly Claw 10

pafibne ﬂaggrééﬂd&l‘lﬂ%ﬁ 109 'ggf}%“gyaiya”e rofde like

ot gani ¢ ‘acl as &rgani cYcarBoxytic aci d and

afBPQﬁQHﬁiQHédoi‘@sﬁ?'cdomn% *%% addﬁ lggsa é"nerbcr%e par%s by

nprove f esi st atter conf i gurati on, Pefbora
mag%nag%£££¥rn ﬁ?ﬁm qu %: | phcalt 'f%c%?rg.en.glrggl EOERed MSmile

I f d d .
SR O SRR LIS

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 generatoxr, and the optional 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, cyclohexanone, methyl isoamyl

ketone, and 2-heptanone: polyalcohols and derivatives thereof,
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di et hyl am ne, triethylam ne, di-n-propylamne, tri-n-
propyl am ne, tripentylam ne, diethanolam ne, and

triethanolam ne and in partigul ar, al kanol am ne such
as triethanolamne is prefé?ably used. These ani nes
may be used alone or in conbinations of two kinds or

sufR i ik Sﬁf‘%fnangg‘i%%lf R At e%qrﬁa%%‘%g% s"f‘t”ﬁe' "
did&3i, co 4 Yg 858 58. Sui t abl e exampl es of t
L TG L b B8R e e vne] Taorr e e apoepy L Fpe

mal i aC|d ECInIC acid, benzoic _acid, _.and

gl%%‘rlrdrcm% A HEOLNBEBRBFEHAt X oL LT P o] §1Ycol, o

deri vat i ncl ude hosphoric acid and derivatives

mo?%?wi%tﬁﬁf'aﬁqqo@té‘gftléit errsﬂeﬂoﬁ‘éolﬁlﬁ%%‘ﬂl’ﬁﬁri c acid,
ﬁ? rlc acid di-n-butyl ester and hori c aC|d

ne 1"é‘”s‘f*'erc’r Mﬁ@ﬁﬁ’ée&EFH QﬁddélBF‘PQ §Reeglycol

t hereof such as its ester, such as phosphonic acid,

m%%%%%‘?ﬁc NG HisRbEmp, S¥chr aspRbSEABRT can@igsters, such

n- but ester, phenyl phosphonic acid, phosphonlc

asa@?ﬂhﬂ1pﬁ%?®4t%fnﬁﬁhyl ARG tahkes pRstihy Laaratat deriivl
ester; and thSphlnIC acid and derivatives thereof

acgfatbe asbEEl caeaiate s mathad PNSYFALEl cesbYY mymavate,

henyl phosphi ni c, aci d. Among t hem g@osphonlc acid is
meghﬁem% %xqunm,aramrw@hmlgaﬁ xgpropienaed These

aratio of 0.01 to 5.0 parts by mass relative to 100
orgapts BYlverts may e russich ademsomantin conbieahhygnpeot two
used al one or_ in conbination of two kinds or nore
ori Rereokindpeteereefni c acids are preferably used in a
mol ar range equal to or lower than that of the am ne.

In these positive or negative type 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 gquencher to improve resist pattern configuration,
temporal stability, etc.

The lower aliphatic amine includes the amines of alkyl or
alkyl alcohol with 5 or less carbon atoms, and examples of
secondary amine and tertiary amine include trimethylamine,
diethylamine, triethylamine, di-n-propylamine, tri-n-
propylamine, tripentylamine, diethanolamine, and
triethanolamine and in particular, alkanolamine such as
triethanolamine is preferably used. These amines may be used
alone ox 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 raesin component.
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If desired, the positive type resist conposition of

the present invention may further contain mscible o
addi tives, such as addItI0%§| resins for inproving

t he perfornance of the resist film surfactants for

i mprovi ng the coating property, anti - di ssol ving

andréé\l’ta l%fglglzfgae%?t ?fh%%%gssg%b %%&g ega]t'(Eg include
b NGNS Brbgel fAkt hoPShunte 17 P e dsebBgzoic

acincreQ§|Qg_ch§slln 61gensny and i nproving resi st
Ttern con |gura 5 resolving ability, and

QSZ'n 1€ K SEhsttr s, G651 PRERNGE et de ST LT 4re dlude
t h | fied t
PhESRES Pe%.asq:s iy B FeEavaR: ﬁtylﬁsgglséa'l% ERTERSTEE
S“I%d?g'cﬁ‘?%%ﬁggﬁfﬁélnC'yﬁvﬁ!@@'rlhgggééél%ﬁ#'yérw gpter and

roup or both,  or. oxygen-containin derivatives
PhgﬁEP%B$C g, diphenyl” ester: phosphonic acid and

2, 3-di hydr oxy- 5- hydr oxynet hyl nor bor nane,
deﬁlﬁ%m%if %hﬁr%?é(wﬁ%&sﬂﬁs hyEJ R boFWahets phosphonic acid,
cyc] ohexanedi net hanol, 3,4, fl (or
Phgfp%l?md%wtﬁur&%‘éps@dm PROSFBRPRPEC2agHA nSHTRTRIE YL
1, 4-di oxane-2, 3-di o] and 1, 3,5-trihydroxycycl ohexane,;
estRy. BBARYLARSSERYRE hetrisly rp@a»@ahﬁglpoaﬁ&ﬂdéwla%ny%resterr
formal dehyde anpd | ower al cohols with amno )
angy BRRSEBRLAS np RS cOMpRAdSs esdee axd mbrgpnaeic acid and

acetoguananlne benzoguanam ne, urea, ethylene o
derivatives thereof sucH as its esters, such as phosphinic

acid and phenylphosphinic acid. Among them, phosphonic acid is
preferable in particular.

The organic acid is used in a ratio of 0.01 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 acids are preferably used in a molar
range egual to ox 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 agenté, 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
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urea and glycoluril, and substituting the hydrogen
atons of the am no group w th hydroxynethyl group or
| oner al koxymet hyl group, exanpl es being
hexanet hoxynet hyl mel ami ne, bi smet hoxynet hyl urea,
bi smet hoxynet hyl bi snet hoxyet hyl ene ur ea,
. tetramethoxynmethyl glycoluril and tetrabutoxymethyl
incleaedngr cross hhak adendl thand erﬁﬁﬁﬂo%ﬁ'ﬁﬁ%y?attern
glycoluril being particularly preferred. These
condrigaiaitirnng ragehv sneaegl bl ise @ndrgsd sépnpp to dry
conbi nations of two or nore kinds thereof. Next, the
etqhditieod of forming resist patterns using the TKYF-058
60 protective filmof the present invention in the
| i qifiod thieczpealinkhogragint pravesaann [crgeslinking agent,
described. First, a comonly used resist conposition
which appldoathomdtyo ugeslubist the echemictn sy sargtlliifded wapagive
with a spinner or the like, and then the substrate is
type exdraikaios (BAR peocsss) wisht egnspecid ), lini ttatd-onay efxamples
| am nat ed body with an organi c or inorganic
then¢of eflaotdeom fiighatiai dybéivekepdt dea shdrst rretvinandhydrexyl
coated |layer of the resist conposition nay al so be
grosedor Tined py:oedss, U g toapt birs bethgeo mayx hee perdroransd.nigy
known nethods. It is preferable that ‘the operating
deebngt i venstlsswkoSuch are appropriately set dependi ng
on the constitution and characteristics of the resist
suchnpes? | 3-odi i wdhesypsediydiextymethyl herburhane, of t he
resist film (nonolayered or nultilayered) cured as
2-tlgdeok pell, &bole( hyed canpesinvldnoabormane;i al for
form ng the protective filmaccording to the present
cychvhakanadihethexahpl e, a "conposition prepared by
di ssolving a cyclic fluoroal cohol polyner represented
3,y st(be 9)-trihydroxytricyclodecane,

2-methyl-2-adamantanocl,

1,4-dioxane-2,3~diol 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 ures,
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 the
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followi ng chem cal formula (100) shown below in
2-nmet hyl -1- propyl al cohol™ is evenly applied and cured
so as to forma resist protﬁftlve film [Chem ca
formula 26] F2 FHH2 F2 F &+ GCCCGC -H2 [/ 4y
F2 QO /CH2 F2 Q@ CH2 C C F3C\OR5 F3C ORS (100) The
obt ai,ned substrate on which the resi st illm

Pr%to%%léf& iR Plﬁetb?o?é%%%% FR{GRIOT diinddei $1AMRr sed

, I n  TKYE- Ogg refractive jndex liquid (liquid

R BEEPPYcPFRERSS Yt dre tdparRiRed - of PRt rarfd
smaller than that of the resist filn). This inmmersed

coprist Uﬁq%réﬁlﬁﬁecgmagt%%%n.%ss@@aqd/éwo éxﬁ&gé‘arate
t hrough a desired mask pattern, Accordingly,, this
SUEh A8 4 1fe ld650s MAG eF| @ﬁghbéaﬁi’b%%%%soﬁ rﬁl'tﬁngHkteheand then
refractive index liquid and the protective filmto

Che cldts tInd & di rerbrfedal PRRI Brovees) si Adéerhativeiyt 2

filmis conpletely blocked fromthe refractive index
RTINS amimadehiodywalsh, apyortieniprer doranmriq m
neither is the resist filmdegenerated due to
angies flegf iom thdn illed dopeteehnthsi snbatrate awd e iopated
index liquid nor is conmponents of the resist film
lageptel the ocradiest rsmpestiibien mdpxalsqubd ¢eed. pure
wat er, deionized water, fluorosolvent, and such) to
dege'?f@ RAOQFS ot it@a|this stage may be performed by known
methods, It is preferable that the operating conditions and
such are appropriately set depending on the constitution and

characteristics of the resist composition to 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 fluoroalcchol polymer represented by the
following chemicallformula (100) shown below in Z-methyl-1-

propylaleochol" is evenly applied and cured so as to form a

resist protective film.
[Chemical formula 28]
Fo F H H F; F H
‘%‘C —C C Cz ) + %C—C-——-C*—C“'}‘
-/ \ x y

Fad / Hy /
_cH Fa c\ _CH,

“~c
/\ /\

RS (100)
The thus obtained substrate on which the resist f£ilm

covered with the protective film is formed is immersed in
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characteristics thereof such as refractive index. In
this case, there is no limtation for the wavel ength
of the exposing |ight bean1§§ed for exposure, and
radi ati on xays, such as ArF“exciner |aser, KrF

exci mer |laser, F2 excimer |aser, EUV (Extrene Utra

re e &%@%&f@%ﬁ??{%‘gﬁ etield 2 3%;4 SRt Eiee
o PP R 6 A% 26 SRREERE Bt o GPR ApSact

fi%ﬁ ist pattern of the present invention, a liquid
aving a refractive index larger than that of air and

smal,er_t.han that of .the_.resist filmused (refractive,

aeie diftrsRe pRaial i thel it iRy s BRaectivery
tective filmduring exposure, Exanples TKYF-058,662

xS TSI & RS L PR BROR, BT BeTP ne R HREELY, 10 this
%mat r deiqnizg@dg%; r) and fluorocarhon inert ‘

CAPF Ui, TR L ﬁsﬁ@spaﬁsceﬁetlmwbcfér@oowﬁwve

. liquids jpnclude liquids conprised mainly of . )

InfPRoH LR DARE GO ML e doR 46 LEarRIDrash rFgraist filn.
CAF9QC2H5, or, CSH3F7. Anpng them fromthe vi ewpoi nt
of Rosthikdidsy, SdRFer bhfeRtalShrbblers P lfstdiablocked
versatility, ~water (pure water or_ deionized water) is

frB’iﬂe’?%? abtArasede ‘Jﬁb%(ﬁévéfl, UiHen SHRNe2POBVEY WakpE, Iy the
1?7 En1mavelength_is used, a fluorinated solvent is

PTRFBFEIUDI - e 34 \dIR% He \Hhewssraetofilm degenprated due to

swgﬁiorbance of the exposing light. The refractive index

the Perileetve iMeady qagi68eqt thengefractive index

.ﬁanticularly limted as |ong as the refractive index
TIHGIANGE gbt EMRPAIE§ A NS vesiagef iR alntaddinto the

%naller than the, .
refractive index liguid (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
£ilm.

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
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refractive index of the resist conposition used.”
After conpletion of the exposure process in an
i Mmersed state, the substrate is taken out of the
refractive index |iquid, afld then the protective film
is renoved. Then, FEB (post-exposure baking) is
performed for the exposed resist film.keeping the
of Fustte dEiFactiivf aptaE heguiderimeiudmgaters (BaEqtent | y
subjected to the devel opnent process using the |
deigndAsthaaderd| aper fevAsPSaTrpRn ofnelk Aiavd dSsol SREBHELC
Si nce the devel oper solution used in this devel opnent
xRS £F $hg Edrprecathenpiperkt}ianidy mrcduder diquids
di ssol ved, _and subsequently the sol uble portion of
compiel ok imxiliyl @fi £lugirssarben ao@HOWNIGH 4 Hiushc ase CalGEEs,
devel opnent process may be followed by the _
CaBy0SHs b dleFr@Caisoces sCsHaFef edaisng, thhe, r 65pat thKyWiog®int of
63 filmis further rinsed using deionized water. This
cophit erafetise ernstigpnnentelwashbaemy, t éed dearedpderversatility,
solution and the residual protective film conponent
wahad {pere esitsir conpesioniigrddivetservetls hyefdmaldey alsmger
solution on the substrate by dripping or spraying
howaver, orherhers dgtosditng dughscefwhbT enth heasebsngtet el sised,
being rotated. Then, the resist filmis dried to
a gbhrarbnated seElsigtt gat eraferkbilyedsedattoy doeorikwgpint of

~the nask patterns. Thus, in the present invention,
itphéoyent desonkzaridd mf ditey axzposidgr @sobt.film

devel opnent are sinultaneously achieved by a single

dev el lop mesif r prooms Snddg fodr hegrefieactivet ipdex ebirgaiich used
~this way, resist patterns with fine Iine wdths, and
1si nopapartiutatarly nelmidted as long as the refractive index 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 pexformed for the
exposed regist film keeping the protective film attached
thereto, and l1s 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 dissclved,
and subsequently the soluble portion of the resist film is

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

followed by the post-baking process. Preferably, the resist
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space-patterns of small pitches nmay be produced wth
superior resolving ability. Herein, a pitch in the
| i ne-and-space- patterns is the total distance of the
resist pattern w dth and t i space width in the
direction of the line wdth of the patterns.
. ] Exanmpl es Exanpl es of the present invention wll .be |
T1HR ST iEdhse ShnSeHUESERG SRS EXRR © 73 -onfyL § grater rinse
suitably explaining this invention but do not limt
STRMELS rive MESoh 2vaY %h@ E8VELOPRE SterqThEngh thepgesidual
Conparati ve Exanple is al so described wth the .
Prﬁ%‘&.fll&é&?ﬁ@é’nfnltnaﬂﬁi thexeaptet PRGisdeny@issolved
filmwas formed on the substrate using the nateri al
byt Bhe fRRIRPeEr poduddonyent thm subsbralihdy dnipping or
present invention to assess the TKYF-058 64 .
SPHAY ERPriviisie sy dhe Sobgbicpteysinfane whikks ithe substrate 1s
devel oper solution of this protective film As a base
beppyyrerated. cdpehynbbeconpitifigln Hes clmiladc to obtain the
fluorinated al cohol constitutional unit represented
repyst hea b ormgreiminste e xgatdyakcchbodimy atlid 009 sK tgadterns.

mol ecul ar weight is 13,800, R5s are all hydrogen
Thuseons binel preserd! dovaritdans khy pr60e&0}ve THiolkiTrkeval
of solvents, 2-nethyl-I|-propanol and .

and- geshyt - Piberermlopmemd arsed imolprepanel % dyigest by

of the base polyner water solution respectively, and
sipgdy develemeehtagprdressonpositions for forming the

protective film The two kinds of conpositions for

f or "BigEe¥relpy dttectiesdist patterns in this way, resist
patterns with fine line 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. In the fellowing

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
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filmwere applied onto the sem conductor substrate
using a spin coater under the coating conditions of
1500 rpm After the coating the protective filmwas
cured by heat treatnent at @OC for 90 seconds to
obtain two kinds of protective filns for assessnent.
The protective filmforped using 2-nmethyl-i- propano
wateI RO RE apg pr Yy LAY S Shemalkading gaTe :
while the protective file formed using
SOMIAAL FhdenPaRbrChEVe af kHlveRE Bf PRAR2§OWNERDE B nm
in filmthickness. Assesspent of the protective film
COE&&Y% fSFmed s£ep the cyslievikptinaded adgeholi) the
visual confirmation of the surface conditions, (ii)
CoRplel ddadndii Lol epReserEr@dae the Ffqnememtikpedsgeneral
after a 90-sec rinse with pure water by sinylating
formels i {HYmidhsi selesndari yeiahy ple ol vtly,) K'a 2ke all
liquid imersion |ithography process, and (iii) the
hydregen \ataxs r &nel ¢het melpr vaeceive £iY m ViHsB 0 nmePeedkinds
in the alkaline devel oper solution (2.28% TMAH)
of (gokventnd 4-med byl PKyF=2088 88d 4tmeidngs~pemtsao). were
As a result, the visual surface conditions of filnms 1
Us@AdtQ pRRpard @ baxvelsisent, thiet hasdepdlymert hiadleneselyfcion
the film1l being 50.8 nmafter the water rinse and
respactibfelne dnd miky 38re nsedf aer thhecompesitriaorse,foand
with the surface conditions remaining good.
formtnhetmerprottdw:idiesFdllon.i on rate of the protective
filmby the devel oper solution was 3 nnisec for film
1 anthe twe dendsorff icomp2siktldonhafige formihey sid goetective
condi tions was observed with both filnms 1 and 2
figubyeretesprbied G:sdhe isese cnntincporesuhseratamBing a
was judged that the film
8pin coater under the coating conditions of 1500 rpm. After

the coating, the protective film was cured by heat treatment
at 90°C fox 90 seconds to obtain two kinds of protective films
for assessment. The protective film formed using 2-methyl-1-
propancl 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 confirmatien 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 immersion into liquid (pure water) in the
liquid immersion lithography process, and (iii) the
dissolution rate of the protective f£ilm when immersedin the

alkaline developer solution (2.28% TMAH) (converted into £ilm

TKYF-058



t hi ckness was al so not affected by water. (Exanple 2)

The follow ng resin conponent, acid generator, and

ni t rogen-contai ni ng organi ¢ _compound were

honogeneously di ssol ved i n6an organi c solvent to

prepare the resist conposition 1. As a resin

caonponent, 100 parts by mass of the polyner

S§iﬁ@/§§ﬁétitutional units represented by the

followi ng general formula (102) shown bel ow were_used.

As Bhaesditino vheupdsperface ewrditiians edafidnptd gad 2
and m) used in preparing the resin conponent were_set

werg both sxardilemandvwitk tBe FblmotiTicimessg ofethe film 1
[Chemical fornmula 27] OO OO (10 2) As the acid

beyeher®itfornm St epaths Wyptamssinge and gHeadylofulthenfiim 2
nonaf | uor obut ane sul fonate were used. And, as the o

28 oF gamiaf izt \thet wae5yrohset hghd| wttlat thavawrface gopgations
was used. Furthernore, as the nitrogen-containing

remzyain® gwshpofndihor@srearilse biismslaitdfon rate of the
triethanolamne (0.5 parts by mass of

protéchniozt i lanitne theedevedegerThelnesostwannpasitsesn £or
prepared as descri bed above was used to formthe

fitmsl sénga? trenfsed-ificat £idm @r.gafo cchamga rief [thet isve farkm
conposition "AR-19" (product nane, manufactured by

coBbipieys Gras dbskiveshsiiappbiodtt dhflasalsahdcdnsuljpdayed to a
using a spinner and dried by baking on a hot plate at

90-sec rinse with pure water, and it was judged that the film

th

thickness was also not affected by water.
(Example 2)

The following resin component, acid generator, and
nitrogen-containing organic compound were homogeneocusly
dissolved 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 constitutional units (1 and m) used in

preparing the resin component were set at 1 = 50 mol3 and m =

50 mol%.
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215C for 60 sec to forman 82 nmthick organic

antireflective film Onto this anti-reflective film

the resist conposition 1 mgg appl i ed using a spinner,

and dried by pre-baking on
sec to forma 150 nmthick resist film over the

nti.-reflection film The protective filmmterial,
[dbﬁqfﬁa%agoﬁwggﬁréﬁ]by TKYF- 058 67 dissolving a

copol ynmer conprising the cyclic fluorinated alcoho

represented by the chem €x
constitutional unit (the

hot plate at 115C for 90

R5s are all hydrogen-atons,'.nd the nole ratio is x:y

= 50;50) in 2- nethyl-1-prop
the resin concentration'__ 2

A\ mwas irradiated with

ilnl andm heated at 90C
2.1-rimthick protective

. (exposed to) a pEfterni'g i ght beam t hrough the mask

pattern using an eXci mer | aser (wavel ength; 193

nm by the exposure gystem NSR- S302B (N kon
Cor poration, NA ( fcal aperture) = 0.60, a =
0.75). Then, as & iquidOinnersion l'i t hography

treatnent, while rotatipg the silicon v@afgrahaving

the exposed resist fil pure water at 23C was
conti nuously dripped @ resist filmfor 2 mn.
This step corresponds tolthe step in the practica
production process in which the resist film

conpretEry agimkasaenatarhe S Dgprdtssbrxpasedf However ,

based on the above-nentioned analysis of the Iiquid

triphenyienl foniwe grapil ymdindanchsud Saphéeewerpostr@- And,

performance in the

as the organic solvent, 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-octylamine) 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

215°C for 60 sec to form an 82 nm-thick organic antireflective

film. Onto this apti-reflective film, the resist composition 1

wag applied using a spinner, and dried by pre-baking on a hot

plate at 115°C for 90 sec teo form a 150 nm—thick resigt film

over the anti-reflection film.

The protective film material, which was prepared by
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optics has been theoretically guaranteed, such that
for achieving an evaluation of only the effect of the
imrersion liquid on the resist film the step with a
sinplified configuration w8 adopted in which first
the resist filmis exposed and pure water as
 refractive index liquid (inmrersion 1liquid) is applied
digyrliiag ésicopoflymaratomprexpos utlee alarc tfReopinated
wat er - dri ppi ng process followed by a PEB TKYF-058 68
aleohalt meapranrddedt by tbadchenhsaht fddsA# orl0§0 secbhes,
the resist filmwas devel oped with the al kaline
corfel/dhdpemadouatitor{ that m@3echbar 60 seronids 13eAP0ngRIheare
protective filmas it is. As the alkaline devel oper
alkdiydigren 2i38%,bypnaasheoftoleeranimet hy lamoniddms50) in 2-
hydr oxi de wat er solution was used. By this
me teykt bipmopy pradeed® ]l e prditistihgethie | mesvas concentration
conpletely renoved and an excell ent devel opnment of
tot he5% dsy stads,| meecowpd n-eeadkdoocathi ehedredhe ritdingt and
pattern thus obtai ned having 300-nm 1:1 |ine-

heated spaceiWaToex 801 Bedotiiget ocasrsaani Ty lelec thdrk
m croscope (SEM, and, was found that the resist

prpatteivei Blexcel lent such that no fluctuation was
observed at all. Conparative exanple 1 It was

at t emgated thatrdsd ftorfhlam masi Strpdibeed dbvh Nex@Edmo) a
1:1 line-and-space was fornmed in accordance with

pathernthy 1bhghsaseapraasdigre s maskxgapkard using dmerr
positive type photoresist except that no protective

extiilherwhsséor (Ralveldiipth i e ¥ esd)stbypahkeeRpbSure system NSR-
subsequent |y exam ned under a scanning el ectron
S30ker gudepa CSEMrathen f INKCt ainedti c@ld aperture) = 0.60, ¢ =
0.75). Then, as a liguid immersioﬁ 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 of the liquid immexsion
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 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.

After the pure water-dripping process followed by a PEB
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swelling of the pattern were too severe to observe the
pattern. Exanple 3 The foll ow ng resin conponent,
acid generator, and nitrogen-containing organic
conpound were honpgeneousl! y9%8di ssol ved in the organic
solvent to prepare the resist conposition 1. As a
resin conmponent, 100 parts by nass of the copol yner
Lreymattsivnglegoibei condbhdbnainat sLYEpr ésenbedseyondm the
chem cal fornmul a élOB) shown bel ow was used. The
resiit ol wapkdrvesgred wihe tlespebtdMidecgeseiloperoaalution
units 1, mand n used in preparing the resin
at cHpodent tRersecerts atedvinglthmipotmctige fhbhos and ¥s.
= 20 nol % [Chemical fornmula 281 OOn m OOO E OH
As (ghe mykalgings delvelaped gehetiaonr,25BBMPparass f mass
of triphenyl sul f oni um nonaf | uor obut ane sul fonate and
teprame Py hammdsyil ure sy dobxidepliehgt seb foniermvEs weed, By this
used. And, as the organic solvent, a 6.0% aqueous
degolepment qiratdsd, Ithet aretwasiveaseilm Fuad heompdretelys
t he nitrogen-containing organi c conpound, 1.20 parts

repyvedssndfarn raxc@l(l2metkoxiephory) ef hyhanaw atafilm could
used. Using the resist conposition 2 thus prepared, a
berebfstachieved. ‘

The resist pattern thus obtained baving 300-nm 1:1 line-
and-space was examined under a scanning electron microscope
(SEM), and, was found that the xesist 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 (103} shown below was used. The ratios of
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pattern was fornmed. First, an organic antireflective
film conposition "AR 19" (product name, nmanufactured
by Shipley Co., Ltd.) was applied onto the silicon
waf er using a spinner and égied by baking on a hot
pl ate at 215C for 60 seconds to form an 82-nmthick
organic antireflective film Using a spinner, the
the ggspecddifsosPrebhtat hprabpprited! bver anki & used in
anti-reflection TKYF-058 70 film and dried by
Preparifukithg treeinaferponent hoerplzate adt 1 £13€ fok%pom = 40
seconds to forma 150-nmthick resist filmover the
mo bt jancef] ectZilomofiil-m The protective filmmaterial,
whi ch was prepared by dissolving a copol yner
[@wmirdadi dgrrméacy8lic fluorinated al cohol represented
by the chem cal fornmula (100) as the constitutiona
unit (t-he nol ecul aryweight is 13,800, R5s are al
hydr ogen at ogsi~an atyo-is x..y = 50:50) in
2- et hyl - 1= pr opy; coly an justing the resin
concentratdon __ ?#ZP  dént,/by Inmass, was spin-coated
onto the resi st ['m h a{spi nner, and heated at -
90C for 60 secdnds tolformal 72.1-nmthick protective

film resisP filmWas irradiated with a
patt ght bea e nmask pattern using
an Ar eI Ngser 93 nm by the
expos em NSR- Dr por ati on, NA
(nune afl_apeéext ure ' éﬁﬁen, as a

[iquid nnersién [ ¥y . While rotating
the silicon wafer @xposed resist film pure.
water at 23C was contpguously dripped on the resi st
filmfor 2 nin. This S\ep corresponds to the step in
the practical productio (103)

'As the acid generator, 53.50 parts by mass of
triphenylsulfonium nonafluorobutane sulfonate and 0.75 parts
by mass of triphenylsulfonium~TF were used. And, as the
organic solvent, a 6.0% agueous 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-18" (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 82-nm thick organic antireflective film. Using a spinner,

the resist composition 1 was applied over this anti-reflection
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process in which the resist filmconpletely i mersed
inthe liquid is exposed. However, based on the
above-nmentioned analysis opgthe liquid inmersion

l'i thography nethod, the conplete exposure perfornmance
in the optics has been theoretically guaranteed, such

flIrﬁ]atarfcprdr%%H' gyl ﬁgeﬁﬂaﬁfﬂ%’lﬂﬁé Nelg el o(ﬁn%tyrn&@e ﬁ\g{@ca;t

he i mmer si [ qul resi st e step

115Wd hfcﬁ: sombki-bhad Een%b%#ré‘tiw ﬁ’fﬁaschi EEYF+QR85€1¢1 1m over

adopted in which first e resist filmis exposed and

théﬂgﬁ{ljygfyéc%g Begiﬁﬁt've i ndex liquid (inmersion
liquid) I1s applie to the resist filmafter exposure.

Al atnd ge:oeu_e‘elw@t ELLf kRPN P 66%%, L, BB DY oy

tment under the co t'i on

dléﬁgﬁ*ﬁ% dev 3! cbhbI WA IENE! QRO M Lot e
2LEER Db S Rl g%’&' £ éé@“?ga%é%r%fla (108 A RNe
CO‘E&{‘?‘E@I‘%?? (et fﬂ8§§'§§fa¥'ﬁ%§£@i‘? o 1 0% 4t g cere
a1 FpTEhea o arrﬂ%}r%?%%%ﬁdﬁt%ﬁ Tiota ﬁ?é&%?%ﬁﬁﬁﬁ in 2-
mef fRL4hE s%fr{n R Obt%né Jb‘ﬁg\éngté%g%%?% SRt ion

the patter.n profi s f.ound to be

tog;géosco '%§%¥€¢%ﬁsqq ¥ Fétda Oaﬁ§do?n c?P%wﬁ%? £ilm
Wiggﬁg:%ﬁ%?alﬁﬂuf4ﬁtqgéyga at 9EQ Slgb Sedends. to (gf% a
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 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 €£ilm for 2 min.
- This step corresponds to the step in the practical production
process in which the resist film coméletely immersed in the
liquid is exposed. However, based on the above-mentioned
analysis on the ligquid 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

TKYF-058
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cont ai ni ng organi ¢ conpound shown bel ow were
honogeneously dissolved in an organic solvent to
prepare a resist conpositign. As a resin conponent,
100 parts by mass of the ¢ Eolyner conpri sing
constitutional units represented by the follomﬁng

aasbes ol J@wﬁrg@%s@gw%ﬁ%g Lipsda, 108 e

e respect Ive cons nd

wagegsgg H%f]dgﬁigar Qge 1%8%&”(0 %#EF%]%%&SQ e%ggagalled

OO0 0003 ('"I"-H O
toggﬁﬁg}§£“%éqéﬁEh0|§ genégé?BFe 2.0 parts b§ mass of
tp;'rt R he. 8UsE VRRRET 's??éﬁf#séf‘w”e S“a'% ?&3 Boat b 2 PER
fluor t hane sul fonate were

h
S A T reos by onasst OFLERS Eer seco%ds, the

sol vept - wat er soI tion cqnprising ropylene lyco
ref b 1H Was dede Lo Mashl Ehe @ E%Jcﬁn dRAx solution
%S acet ate (n1X|ng ratio: 6:4) was used. As the
at rCog%%‘F E8nEEFAPAY SPaERNE t%@mﬁﬁptlofezéléalr 8§ By is.
A ngﬁ {Jeth nol.am ne was used. Furthernore, as_an
Sabhft plkalne

VL GRPIMESL UG OP, BuRyP BT dX dS wedtfe

te?ramethylammonlum hydroxide water solution 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 4

The resin component, acid genetator, and nitrocgen-
containing organic compound shown below were homogeneously
dissolved in an oxganic 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 mol%.
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The resist conposition prepared as descri bed above was
used to formthe resist patterns, First, an organic
antireflective film conposighon "ARC 29" (product
name, manufactured by Bremer Co., Ltd.) was applied
onto the silicon wafer using a splnner and dried by
[ngﬁh@glog anhi0l Ppate at  20' 5C for 60 seconds to form
nn}tﬁ organic antireflective film On this
antl-reflectlve film the resist TKYF-058 73
conposition was appljed usi i nner, and dried by
pre- baki ng on r 90 seconds to
forma 225-n
mat eri al , [ ed by dlssoIV|ng a
copol ymer conp—sij fluorinated al coho
represented by the tul a (100) as the

constitutigpal unj ar weight is 13, 800,

R5s are ) g ol e ratio is xiy

= 50: 50| ( nol s of CloF21000H
relative [ vl -1-propyl

al cohol Pt ration to 2. 6%
by mass, Gl mwith a
spi nner, >econds to form a
70.0-nm thiek protectiv@ film Next, using the (L04)

exposure system Ni kon- S302A (nanufactured by Ni kon
Cb. Ltd a ner | aser (wavel ength: 193
By aﬁ%\%atcédhgﬁij‘eFé{g‘ﬂF wgs i PREHF a‘?fégi“ao"rﬁ &% %e resi st
hr h the na at ern Then, as |
tmwg{%ﬁf# SR SRRy BEORBRHE, SREPESoUaht y & IBTtS DY

msSLl LEOD YELEL, haying, Lhe fe bl LOPOSed AL
sulfonate 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 ethexr acetate {mixing
ratio: 6:4) was used. As the nitrogen-containing organic
compound, 0.25 parts by mass of triethanoclamine was used.
Furthermore, as an additive, 25 pazts by mass of y-
butyrolactone were blended.

The resist composition prepared as described above was
used to form the resist patterns. First, an organic
antirxeflective 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 mm~thick organic

antireflective film. On this anti-reflective film, the resist
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dripped onto the resist filmfor 2 mnutes. This step
corresponds to the step in the practical production
process in which the resist filmconpletely inmersed
inthe liquid is exposed. Fdwever, based on the
above-nentioned analysis on the I|iquid imrersion

l'i thography method, the conplete exposure performance
COnNP Sl OBpREs ARRL 1 B as ke o cAnicuidny @ual dnteddby BYrh
that for achieving an eval uation of only the effect of
bakimg iomner $osnplegai at oh3@ He fesi%Q Sadandst e £osp i 2HH-nm
a TKYF-058 74 sinplified configuration was adopted in
thigk aesfistsifidlhe resist filmis exposed and pure water
as refractive index liquid (inmersion liquid) is
applThedrretertivesfsiminiteatdler whexgioswse prapacedting
_pure water-dripping process followed by PEB treatnent
diggrdetinche copdilyivens canpiiSing othdOcweionds udrfieated
resist filmwas devel oped with the al kaline devel oper
aladiailt imapresten?®C bor the skemhdsl| fawiunle t O Qr atsechieve
filmas it is. As the al kaline devel oper solution, a
cois 38w thorads surdft  (ttaker avkebyl ammeai gt hisslrioxisds® ,waf erare
solution was used. By this devel opnment process, the
al hrigydasigare Htidnm,wahdc abel abekyrateeaovedk apd= &80:50 (mole
excel l ent resist filmdevel opnent could be al so
rereatt Vednd HO % égi staspabife Chy FLICSOw el Jieidreh aei hyis
130-nm 1: 1 | ine- and-space was exam ned under a
copelyme ngirel 2otatdry Ivlepaspghe alCSEML, apddadfsstaine e resin
this pattern profile was found to be of an excellent

coneetrgilon tshdapet A emssybwest ispgntbeasadisomiad eche resist
whi ch had been exposed

film with a spinner, and heated at 90°C for 60 geconds to form
a 70.0-nm thick protective film.

Next, using the exposure system Nikon~S3023 (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 liquid 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 f£film completely immexrsed in the liguid 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 step with a
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and dripped pure water, to stand in 2.0-ppb am ne
at nosphere for 60 mnutes followed by a simlar
devel opnent treatnent as d%§cribed above, the resist
pattern configuration was siﬁilarly observed. As a
result, no significant difference fromthe-
. af orenmentioned pattern profile was detected. The )
Sl‘&ﬁ’lrﬂéﬁs% AP Y SYEEkdPPo 2 F a2 €OBP A gl ® Wik Eh L iingta thegresist
. ppb, am ne atnosphere at this tine after exposure was
£ifficks SHRaRqd apchfpre waterxgsosgfyactiyg pindeg liquid
.exception that a material for formng the protective
Lppe st Lrepatled ypraitdssl tPngha Eepbstynelm after
conprising the cyclic fluorinated al cohol represented
€XPYSY¥¥e- chemical fornmula (100) as the constitutional
unit (the nolecular weight is 13,800, R5s are al
hydr finPuran yatkes -dirdbpeindt pootess: fo L &®EGhy PEB
(rmol e percent)) and 10% by nmass of a conpound
treepresentede bythd ecdraliltdwingg achadbtal £éordfulseceids) the
shown below relative to this copolynmer in
repiget hjlm| wps opgrelepesbhdlthandeadilisling theelesen solution
concentration to 2.60 by mass, the resist pattern
atcadlq digmtGorsamasidsbdenveédgbyhenproedytihe fidamms it is.
technique as that in Exanple 4. [Chem cal fornula 30]
As/ ORr2- sbRaliore deveCRR8GLlutlon,. a( 203R5Abyamass ubf
regardl ess of whether performng dry etching for 60
teframethybammonbumn bt pi redi dee siatte rp stotlertd onawiaBgudé®: nBy 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~pm 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
fpr 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

TKYF-058



1:1 line-and-space was of an excellent rectangul ar
shape. Exanple 6 Wth the exception that a materi al
for formng the protective filmwas prepared by
di ssol ving a copolynmer co ﬁising the cyclic
fluorinated al cohol represented by the chem ca
fornul a &;00) as the constitutional unit (the .
mol et hke eFREPtdon3than, ameaterahl fonyimaies the
atons, and the nole ratio is xiy = 50:50 (nole
PTRET TNt )L i "RRHAPPRESS B dicardsiny AR fIS%e to
this copolymer in 2-methyl-I-propyl alcohol and
COmRT R} h Fh S ¥Psih Tdowednetsad QECpbo,’g. BepPBSSeRisesl by the
TKYF-058 76 _the resist pattern confirgurati on was
chgBietr b etP B lent (¥ ly asn&hes gpastathtignel asnihatthe
Exanple 4. As a result, regardl ess of whether
mohRFR bR ¥ RSy J8 i iP0.f &' s6arei albrhydirogerheatoms, and the
obtained resist patterns having a 130- nm1:1
moleneabhel- spacey vier®) Jf0 amodec glelrernt) éctadgliPdrbgheges of a
Exanple 7 Wth the exception that the nmaterial for
conppun@gremeesenieddey vihe iflahlwasingr epamdédaby formula (105)
di ssol ving a copolynmer conprising the cyclic
shpraobehaw ede b tote| to eriss entped vime it He  2ehenhgat-1-propyl
formula (100) as the constitutional unit (the
algphedubnd adjghting W 890 irRSommeatalat ilbpditog@n6s by mass,
atons, and the nole ratio is x:y = 50;50), and 10% by
thgasssdst QoFRe 0OCkbmbtgufalridie way eHEekXedy bynestbfehy the
conpound represented by the chemcal fornula (105)
sapg| echpigoet A stbapolyngxanpl<-het hyl - 1- - propyl
al cohol and adjusting the resin concentration to 2.6%
[Bhembss]l fomubsi3®] pattern was subjected to the
devel opnent

CF2_502
/
CF, NH

/

CFZ'_SOZ L I T S A (105)

Ag8 a result, regardless of whether performing dry etching
for 60 min or not, the obtained 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 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 (mole percent)) and 10% by mass of
{C4HsS02} 2NH relative to this copolymer in 2-methyl-l-propyl

alcohel and adjusting the resin concentration to 2.6% by mass,
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process imedi ately after exposure and dripped pure
wat er thereto using exactly the sanme techni que as
that described in Exanple 4, and exam ned for this
resist pattern configuratiofWé As a result, the
obt ai ned resist pattern having a 130-nm 1:1
I i ne-and- space was of an excellent rectangul ar shape,
thameniet gedteaseconfipurationt s keloss wak bobeatigdly the
Furthernore, the resist pattern configuration was
sam¢ riddmigushser fddtafineExemplsubst rat e whi ch had been
exposed and treated with dripping pure water was
subjfectiedesuldy y regachingsi of awlZethepgrdmdng dry etching
at nosphere for 65 mnutes followed by a simlar
fodevemwipmemt murtgcdds: adbtdesedi bediaboyattédsna MEKMEOE8130-
77 result, no significant difference in the pattern
nmpk 01 | Limdryaom -t aferenertt banedcebiemasropisaipesr shape.
Exanple 8 Wth the exception that a material for
Exfophenf the protective filmwas prepared by
di ssol ving a copolyner conprising the cyclic

fl uatitiateet: aeehalidrephesenhedmbyethel £henfeating the
formula (100) as the constitutional unit (the

probketivarf e ohis iscdid B0 byRaS sabevahly hydepgeymer
atons, and the nole ratio is x:y = 50:50), and 10% by

comps$s 0fig Q72360 afithoof itfatey Bkeh014%epycBBateQfbR the
compound represented by the chem cal fornmula (105)

chenli abl veotimuldi 1EOPAE Y NEle idbndtiRifYbnal- prORY K the
al cohol and adjusting the resin concentration to 2.6%

mobycubss, wehght ebs s13 patd erifswagesabl eey@dodon tdeons, and the
devel opment process imediately after it was exposed

modedrhteat £d Ryy drsppiog, puie MY &y HRekebd BSIMPCOOH and
exactly the sane technique
furthexrmore 0.1% by mass of a compound represented by the
chemical formula (105) relative to this copolymer in 2-methyl-
1-propyl alcohol and adjusting the resin concentration to 2.6%
by mass, the resist pattern was subjected to the development
process immediately after exzxposure 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-mm 1:1
line-and-space was of an excellent rectangular shape, and no
decrease in the f£ilm thickness was obsexved.

Furthexmere, 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 similar development process as described above. As a
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as that described in Exanple 4, and exam ned for this
resist pattern configuration. As a result, the
obtai ned resist pattern having 130-rim1:1
| i ne- and- space was of an exdéllent rectangul ar shape,
and no decrease in the filmthickness was observed.
Furthernore, the resist pattern configuration was
resili/| &9 plepiéivent afliEferercs ubstihat Pafteeh hadfbbenfrom
exposed and treated by dripping pure water thereto
theefigpjeagietetoondr yaet chéagvéd a 2. 0- ppb ani ne
at nosphere for 65 mnutes followed by a simlar
Sprment process as described above. As a result,
no significant difference in the pattern profile from
t he Wiftér shenekoaptiionethat absererddl TYFL058178 the
Exanple 9 Wth the exception that a material for
préreiiing thidm pret peepaeefli by dasseleipar ed dopolymer
di ssol ving the copolymer conprising the cyclic
cofiprioFinatide alycdhol fleprésaentédabyolidle rephaydeadded by the
formula (100) as the constitutional unit (the
cheamnl exlul frrmudiaghti 0i0 23, 866, cBhst aret dlalhygdiidgerthe
atons, and the nole ratio is x:y = 50:50), and 10% by
mohesslaf WElefid]l QS0 3¢ 0,f 8P heranrla Gyddkdaenmassmel, and the
conpound represented by the chem cal fornula (105)
mokel mdtie 0 #:he =t lils SOOROlayide L 08 Nb2-ma®s hyf -diyP5.CPPH and
al cohol and adjusting the resin concentration to 2.6%
fubyhawssre tthel ¥ ¢8i stagmmidienn coppotil) eepLesénrédicby the
devel opnent process imedi ately after 1t was exposed
chamilcal r&atmad Hy{ 15 )paigtyiviee twatRi st bepel pnasi 1Y 2-methyl-
exactly the sane technique as that described in
1-Exanyl eaBsolanld eaxhrddietsfigly the resin concentration to 2.6%

Ex

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,

Ag a result, no significant difference in the pattern profile

from the aforementioned one was observed.
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this resist pattern configuration. As a result, the
obtained resist pattern having 130-rim1l:1
| i ne- and- space was of an ex@ellent rectangul ar shape,
and no decrease in the film thickness was observed.
Furthernore, the resist pattern configuration was
EX%TE&?&?Iy observed after the substrate which had been
exposed and treated by dripping pure water thereto
was St dbeeaxcoptdey bhehi mgnatenisd Gopploaming the
at nosphere for 65 mnutes followed by a simlar
Prefedet brditlp vasepseparaedsbyi Begsabovey thas crpodyiet:,
no significant difference in the pattern profile from
CORRBLHINT difentdyedes dleowasatbdealecho Exaaplesei® ethdy the
resin conponent, acid generator, and nitrogen TKYF-058
chgwicgbnfeimilag (G0fanies chrpoundtstovdonesl awiter @he
uniformy dissolved in an organic solvent to prepare

mojerebdstweighrpdsi tli3oB00As REhearesdll ¢umpoaent atb@8, and the
parts by nmass of the copolyner conprising the

motensatiatisonaly enisio:Sapresed edsbyy hdies chend gl CoOH and
formula (106) shown bel ow was used. The ratio of the

furohstmoxe i red hyniass( b @ aRGpBhndSE6p+ s ERANBNGhe
the resin conponents were 1 =50 nmol% in ~ 30 nol %
chemiical =f @i %109)Cheniztdlvel @omgha 8ils dpolyded id 2-

meghglsafglopyl alcohel and adjusting the resin concentration
to 2.6% by mass, the regist 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 Ezample 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
similaxly 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.
A3 a result, no significant difference in the pattern profile
from the aforementioned one was observed.

Example 10

The resin component, acid generator, and nitrogen-

TKYF-058
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(106) As the acid generator, 3.5 parts by mass of

tri phenyl sul f oni um nonaf | uorobut ane sul fonate and 1.0
part by nass of di phenyl nmorgnet hyl phenyl sul f oni um
trifluoronmethane sulfonate were used. And, as the
organi c solvent, a 7.0% by mass of the m xed

corsiod ey M@@hlaob@ﬁp@ﬁnﬁoﬁiﬁ&kﬁ'ﬁ@lcﬁl hre LAgEFatR1LAN
propyl ene gl ycol nononethyl ether acetate (m xing

disdiedi®) anasryshde éBl@Qﬂtt’th%réﬁret he xRkt k@egen
contai ning organic conpound parts by nmass of

com@¢gim@ﬁplan1ne was used. The resist conposition
prepared as descri bed above was used to formthe

resizd dpat LeENS. cgfn}faéﬁen’@n 9@@3"_5%& Iﬁé):m(a@% 8¢ the

antireflective film conposition " product namne,

CO§@T?ﬁ@@Qﬂﬁ%Q1@lnér%W%rc@ﬂstlkﬁg1$ drlegp %%g%ﬁﬁ&%% by

[Tcon wafer uSi ng a Sspilnner an g on

thél &%mﬂlzﬁ %cﬁ:tmul%OQG.EO%?r Sﬁgwﬁeggpg§ 'v%% a %%enghtlo of

thick organic antire ectlve e resi st

th&OAROSE £1.8N HaS Al i gnahhg g@il fnjgf gaerceﬁr%f&} 08

using a spinner, rléd y pr

reQ}Lﬁ‘_tSOIﬁ;% %@}&%Tfu%r 9 Q secqnds {0 dyPrms% reas ML 0 6K og pmots

resi st he resul ting coat” Subst fare Wwas
d at substrate for assessnent 1. a

[égﬁégéé% # or%? g the protective film which was
prepared by dissolving a copol yner conprising the
cyclic fluorifhated al
chem cal f
(the nol ecul ar wei ght
atons, and the nole ra

b b

{(108)

As the acid generator, 3.5 parts by mass of
triphenylsulfonium nonafluorobutane 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 glycol 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

uged to form the resist patterns. First, an organic
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10% by mass of C13F21000H rel ative to this copol yner
in 2- nmethyl-1-propyl al cohol and adjusting the resin
concentration to 2.6% by nggs, was spin-coated on the
substrate for assessnment 1, and heated at 90C for 60
sec to forma 70.0-nm thick protective film The

ant6Shld g a0t ef &%@gﬁfﬂz{;ﬁ@m " f(g{r%tahsg agmés

substrate for asse Xt, aft € substfates

maﬁd¥éd¥%&%§§%?Pgﬁ%wgﬁdcg meigd'.Léggﬂ%gﬁi%E%&%Fh£§% silicon

patterning rough a~“mask” pa

wafe&pmk&%g;ggﬁhwgﬂa%g@d(gﬁfn%{zgﬁga;f?%g %b?ﬁot%'Lg?Q%e at

usi ng I'mer | aser wave

ti t t d,with 35 m f
20585085 1o cBiREL A MR B G iE Kbk Brile T Der

d (50-fold he. TKYF- 058 .
ant e e M O ¢ A At TR Ei FAogPPlied

on, s S 1GoRrALOF ChbPoUqUAR. 1 SHU Ty e Cried by
préAR R o S Pe S RIRhG ALTAIOY 1f Sh gl SeBenUR, CPTARFE A
223 R R 4, BT hSe Slap GO e substrace was
e BB S B AR e 18,0202 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 CygF2COOH relative to this copolymer in 2-
methyl-1-propyl alcohol and adjusting the resin concentration
to 2.6% by mass, was spin-coated on the substrate for
assessment 1, and heated at 30°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-8302A (manufactured by Nikon)
using AxF 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 concentrated (50-fold), the
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Concentration (Unit: ng/cn2) Each val ue on the

substrate for assessnent 2 indicates that the results

gave val ues below the detection limt by this

anal yti cal nethod. These reddits clearly denonstrate

that, in the liquid imrersion |ithography process,

the elutjion amount of the resist conponent into the
CORGCRF P T IARS SFokPReBrbRRTEed sambhres P BoseofLdpREracted

t he protective filmconponent according to the
ca %%{‘grﬂné fPeRtiSof s SHRPASRI R aprsedARy (Ghpyasdd generator

descri bed above, in the present invention, even when a
Weresgeinitahad byothedcasihdaary corrprRiPIRsdE MesSst

TKYF- 058 82 conposition and even though any i mrersion
SPEFHEPREE TR meddyad-c uThe | *orie ks ariee fehem Aa- Eshiai hi plgovn

medi um are used in the imrersion |ithography process,
bekoWi gh precision resist pattern can be obtained wth

no suffering fromsurface roughness, e.g., T-top
(Teten 1hi gh sensitivity, excellent resist pattern

profite—conftguratton—excetent—depth—poft—foecus—and
excel | ent exposur el mar §ubséxeatkl €nt posit expobsteate for
stability in dry etching process. Therefore, the use
of the protective|fil Pnaseosmkemy Yo the presmsdssment 2
Haventton—rakes—t—poesstble—toeffectifelyrFerma
fedirstcteat Berineusi pg the ligquedd i mersjon |itheagcaphy
process. TKYF-058 B3
Concentration
Extracted Cation 18.0 <1.2
Concentration
Extracted Anion 10.0 <1.2
Concentration

(Unit: ng/cm?)

Fach 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 amcunt 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 f£ilm is formed using any commonly used resist
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CLAIMS 1. A material for formng a resist protective
filmfornmed on a resist filmand used in a liquid
i mrer si on |ithography proce%? conpri sing properties,
wherein the properties are tfansparency to the
exposure |ight beam substantially insolubility in
er.. and al kali-,solubility. 2. The material .for
o orsrr:'iJl“'nlgoqﬁaOlarnéJsiegfe ong?%%]?i%YHWﬁ%’C?ﬂ %Y 081 ai m

rein the i imersion |litho

f. qui ra process .
pari L AP a Pl LbO FRBF SPRRc P AT Y il oe Bed in
esolution is . .inmproved by exposing,the resist film.t
the LI doooRRBBYUPEOPFORt BniLeP (BRE COHER FENS ST
i,n which the predeterm,ned thickness of the |iquid
patBett | CR P4 MRIPSFSA FitRoBPapHEIEToRy SRR I UTIace
refractive ind is higher_ than that of air and
ro‘é‘%ﬁ’??se?' ter t HattO&F I%P%@rrﬁéﬁ t SEPPAEL e SXFETdE
| east_on  the resist filmin a path of the
reF 1 hdyt Attt Regidd e 6ontatrakdgani agceheere ity qfmtocus
g. The material for form ng a resist protective film
AN RETUHERT tYRIRITR Darger errelhensxpestrenighic is a
| ight having the main wavel ength of 157 nmor 193 nm
SEADLIRBY b efF &l SHB o DFCRG 58 - eBherefpin edihiey isp Ph the
according ;to claim1, wherein a base polynmer of a )
PIPEEFELVR ofhHRi AFHFHEY Hooihien presentedngenEipmmakes it
olymer containing (nmeth)acrylic acid ester units. o
po R’f%%s@osaff%?twmom & fesdstopgthgra webpgtthe liguid
imgrotective filmaccording to claim1, wherein a base

BFYARF bHEAC9ewhy RISFRSStion for
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formng the resist filmis a polyner having
constitutional wunits containing an acid anhydri de of
di carboxylic acid. 6. The ngéerial for formng a
resist protective filmaccofding to claim1, wherein
a base polyner of a resist conposition for formng
the resist filmis a polyner_having constitutiona
units containing a phenoIP&Aﬂyaroxyl group. 7. The
terial . for formng a resist protective film
I a cB‘?B?ﬁéagt BOE| BRI \ih drostins ta PERSE Ch T Gkt i gpmed on a
resist, _conposition,for . formng the resist filmjs a
regiyly Ssh&SeEsih. 2811 pbd BB O oh»ltﬁ’&ﬁﬁﬁﬁbyaprocess
resjist protective filmaccording to claim1, wherein
CO@PW%%&?%LBRHRﬁIPHGSa resist conposition for forning
the resist filmis a Eplyner havi ng a-
( hy dPeBEATK DA PRPPRET HRF A 1M Fransparhdce 11§ ekgpsure
formng a resist protective filmaccording to claim
light heami reubasdigdilymdnseiuhil by sin coripisi dneh algali-
forming the resist filmis a polynmer having
solpehkHexyl i c acid nonoester units. 10. The materi al
for formng a resist protective film according to
claim11l, wherein a base polynmer of a resist TKYF-058
85 <conposition formng the resist filmis a pol yner _
2. hd@hengaderiglk dor- Sorubne donssistutporigctuie film according
containing an alicyclic group having both of (i): a
tof elaihnk, avleroin £Hd ddguist damegiskph ¢ibhpararhy inyccess
an al coholic hydroxyl group or alkyloxy group. 11. )
haghe penéigaratienfap Mhaf &hcegiestspr ppsterneresokytion is
according to claim1, conprising a conposition
impsavadnbyigesposing the resist film to the lithography

exposure light under the conditions in which the predetermined
thickness of the liguid 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 accoxding
to claim 1, wherein the exposure light is a light having the

main wavelength of 157 nm oxr 193 nm.

4. 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 containing (meth)acrylic

acid ester units.
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| east a fluoropolyner and a solvent. 12. The materi al
for formng a resist protective film according to
claim1l, wherein the fluorgpolymer is a polynmer
conprising a cyclic fluoroal cohol represented by the
following general formula (100) as a constitutiona
unit. [Chemcal formula 11 F2 FHHz F2 FH x H F2
C-CH2 F2C. CHZCC F3C\OR F3C\OR5 (100) 13. The

5. ”ﬁﬁﬁ!hﬁytéyyﬁlf?Bgl@%Eﬂigﬁsésfe %¥(§¥'\§%€EJGWE im accordlng

according to claim erern er Contal ni
rol BES1BYE! | 0 cgps |tutlonal uni t.
Odls%lﬁvgd ﬁﬁgéé%H- c%%%l%gﬁgg%ve ? glﬁesﬁ?F e Hﬂ%ﬁﬁf%n for
fobQ¥ n tn Rrote thy m accordln
okl %C‘E*Té S e o By LRer, bRELBFEaR Tk pns
15, T e, M r|aI for f resist
unffs EOFPOIhg fan 0% TG B iR ehilefils S
quorocarbon compound is a fluorocarbon conpound
represented by the general formula (201) shown belomr

(Qﬁgg S N c%? wherein n s an integer_from

6- “ﬁ]st %haé #a &10)5“11“& 2t 6P Ap BEPRET eprfdt]é‘bﬁc\?é’rdmg

cof KhBpaceoding: (o, lalm4, vherein the f{uorecarpon
mpoun

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 silsesqguioxane 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 resgist film is a polymer having dicarboxylic acid

monoester units.

10. The material for forming a resist protective film

according to claim 1, wherein a base polymer of a resist
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fl uorocar bon conpound represented by the genera
formula (202) shown bel ow. CnF2piti O00H (202) wherein
mis an integer from10 to 15. 17. The material for
form ng a resi st protective&ﬁiIWI according to claim
14, wherein the fluorocarbon conpound is a
f 1 uorocarbon conpound represented by the general _
CORRRFAM Py APIFinshdie Bepoat fChen zal Pormfxm hgyving an
SoZ | F2CNHSO2 . . . . . . . . . (203) wherein o
alkal hreqhiplgecasfsti tugignalgunthecomt akn g far Féonichgc
a resist protective film TKYF-058 87 according to
grevai kang wetteiaf tlHe :f kudloeaibhenatonpoum flaigginated
fl uorocar bon conpound represented by the foll ow ng
algrhedrpup fastduldal )(:264) adisotwlbel bywdr phknirelp far mlikyloxy
31 ¢cF~P O11-RI ~OF'/P . . . . . . . . (204) wherein
grpuPs an integer of 2 to 3; Rf is an al kyl group
partially or entirely substituted with fluorine
aton(s), and nmay be substituted with a hydroxyl
group, al koxy group, carboxyl group and am no group.
1119. TiEhenatetrdalalfdroforod nigng  Bet bst sprgpit@diettd e i | m

according to claim 1, comprising 2 composition containing at

least a fluoropolymer and a solvent.

12. The material for forming a resist protective film
according to claim 11, wherein the fluoropolymer is a polymer
compriging a cyclic fluoroalcohol represented by the following
general formula (100) as a constitutional unit.

[Chemical formula 1]

F2 F H H \ Fo F H \
-(—-G——G C—C + C—GC—C—C
/ \  /x ( 7 /

F, CH rd {I ’
2 2 . Fz Cc

> e

¢ ° OR® FaC OR® (100)

13. The matexial for forming a resist protective film
according to claim 12, wherein the polymer containing the

cyclic fluoroalcoheol as a constitutional unit is dissolved in

an alcoholic sclvent.

14. The material for forming a resist protective f£ilm

according to claim 11, further comprising a fluorocaxbon
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according to claim15, wherein the fluorocarbon
conpound represented by the general fornula (201) is
a fluorocarbon conpound repfgesented by the chem ca
formula (205) shown below (C4F9SQ2)2NH (205), or the
chem cal formula (206) shown bel ow (C3F7S02) 2NH

cokig®®d 20. The material for formng a resist protective
film according to claim 16, wherein the fluorocarbon
compound represented by the general fornmula (202) is
a fluorocarbon conpound represented by the chem ca

i, o BT 0w oL, o CEERLCEN (200, THYE; 0

e materia P ective
j rohing to, claiml7, erein_the fl uoraocarhon,
acgg#g%%ﬁgé& r(glp%hg% ent'ed 15 e tggn gi‘é?r PSR c—’c(%‘}m{ gs 2
r oppound represent by the chenm c
P S R S B 7 [ CRe R cBhe  YPiiat jomida (201)
shégﬁzb .CF2 /NH CF2-s02 . . . . . . (208) 22. The
material fTor formng the resist protective film

“according cl.ai m 18, erein the fluorocarbon
conpggﬁn”1$§ﬂﬁggentedzgﬁqthe general fornula (204) is

f.Luorocarbon, conpound represented by the chen ca
i Tt 208} HGRFE Dl T | [tﬁwgm' cal formula 5]
CF2- CF2

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:
CpFontaCOOH (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 fluoracarbon compound is a

fluorocarbon compound represented by the general formula (203)

shown below:

[Chemical formula 2]

50z
(cmi \NH
/

SO, v v v s e s (2038)

wherein o is an integer of 2 to 3.

18. The material for forming a resist protective film

TKYF-058



O/ NCF2-CF2-COON CFz CF2 CF2 . . . . . (209) 2zs.
The material for formng a resist protective film
according to claim1, wherein the liquid for use in
liquid imersion lithograpty is water substantially
containing pure water or deionized water, or a
fluorinated solvent. 24. A nethod for formng a resist
ACHAFEEA WRiTAGE LiquiderripethrofilEe X oraiah Fosrerads is a
conprising the steps of: formng a photoresist film
LT1BATICIES SPounGy Femg e epietebyi viee ffo M@ nhaeneral
photoresi st filmusing TKYF-058 89 the material for
LorBpht nbR % prdhasey ibfEd oMizl m according to any one of
claims_ 1 through 23; placing. directly the liquid for
[Chemical tfrmylquixd i nmersion Iithography in a
predeterm ned thickness at | east on the protective
filn1og$ﬁﬁa substrate lam nated with the photoresi st
film 1B protective film selectively irradiating
li ght t R pHt oresist film through the Iiquid for
use int ’Bkiquid i mrersion |ithography and the
protective‘film ‘perforn ng @ Addt treatnent if
necessary; and applying a devel opnent process to the
whgireincki Ve 41 lintagkr tde Phet @resifsti.sf shmalikiyhggtdep
al kal i ne devel oper solution so as to sinultaneously
parsaevéyt be griotwely vweulfsd imwred ofttdi f1ubeineestsh(s), and
pattern. TKYF-058 :
may be substituted with a hydroxyl group, alkoxy group,

carboxyl group and amino 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:
(CqFs50;) 2NH (205), or
the chemical formula (206) shown below

(C3F250;) ;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.

Cy0F2:CO0H (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]

CFZ—SOZ
/ N
CF, NH
AN S
G

F2—502 """"(208)

22. The material for forming the resist protective film

according to claim 18, wherein the fluoracarbon compound
represented by the general formula (204) is a fluorocarbon

compound represented by the chemical formula (20%) shown below,

[Chemical formula 5]
o\ N——CF,~—CF,—COOH

/

CFZ_CFz
CF2 '----(209)

23. The material for forming a resist protective £ilm
according to claim 1, 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 forming a protective film according to any
one of claims 1 through 23;

placing_dirgctly 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 liquid for use in the liquid immersion lithography
and the protective film;

performing a heat treatment if necegsary:; and

applying a development process to the protective f£ilm and
the photoresist f£ilm using the alkaline developer solution so

as to simultaneously remove the protective film and obtain the

resist pattern.
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