1 DESCRI PTI ON RESI ST PATTERN FORM NG METHOD AND DEVELOPER 5 TECHNI CAL
FrELD The present invention relates to a nethod of formng a
pattern or a photomask which is used to forma fine structure such as
a _sem conductor device or a semconductor integrated circuit, or a

hi gh-energy beamresist pattern which is used 10 for mcrofabrication
related to the production of an inprint nold and to a devel oper for
use in the nethod. BACKGROUND ART | PERERIFLS@Ncti on process of a

phot omask having a 15 pattern of an electronic circuit which is
formed froma light blocking material on a sem conductor device such
as a sem conduct or | RESEF Rt RATTRRAC FORMINS| METHOR ANIAITEMRIEIFER
substrate, or an inprint nold which is a heat or light inprint nold
part, mcrofabrication is carried out by lithography 20 using a

phot oresi st. TRCENIGARaFIEER out by forming a photoresist thin film

on a silicon substr uartz glass substrate having a_|ight

bl ocking thin fil m?llaue egr?%ngeﬁlé%ﬁlg%?? ]%?;Lﬁ‘ll%ﬁsngoaa H?%W%h@%?g‘ﬁ@aw
such as an exaipeerteraser alpramondskayhath £ eekaab beaial i kY rRALL-Qf
t he 25 phot orsesiﬁt thisr\ga f.icl m.so asaéo forma gattern | at ent i mage,
devel opi ng it-1o" 65t 2iFT™H FEIEEOPATESE Fhd ePrHIPRAUTO B bkegBatedy
using the pattireuis, amaskigh-energy Eéaﬁ%sﬂilytepﬁ%éi:ﬁivﬁ?i'élﬁ/isiﬁ‘sed
photol it graf%}/ .an gr gani c_solvent sqglution of a photosensitive

pol ymer 30 mat@r PACTOIPPEGCAT LQR R 1CERAT LPSPTadichion @fl ancimprint

substrate havidigi aandyes o ahe1ppecessedtud {hea minfasegand prebaked
to evaporate the organic solvent so as to forma resist film Then,

the resist filmis partially irradiated with Iight, and further
unwant ed partgp@fcdiip esist film 2 are dissolved and renoved by
using a developer to forma resist pattern on the substrate.
Thereafter, the |ay®r the BECPREELRR deraseashefs abyhratwabavhagindis
resi st pagterghidsrad ' . et Fi.nal | .
unwant ed par t% 5 ar egrggrﬁlosfei%gﬁl%ﬁctc Egg?g?f \é}@tlfz ?1 %1? grrcng!rirpﬁeci"ga light
ni cr of abri cattlosfing materiph epea pseseiearidieorodeyscef sachphat cmask

and an inpri tt I rded i an el gectron beam
dr awi ng appa%tgtm [%bg.;j ugtlggséﬁﬁgc?r%%\nt%g appe‘i%')L gf‘t 32“5:1% Tost Ch3dEPandY o

for a sem cofydstartéedransimpriag nwSld wbhibe ifsox medton: 1L hehsiimpean
substrate, s kes . L.at o i of. a _pattern usi,ng _an.el ectron
tdd e Ba kBl ﬁigfbééﬁf?g é{En.&sfggrfﬁgdf%?§H§?llthography

beam. dr awi ng apparatus have been starte
m ni at ur?¢at MeAngf adplibtesesibier effbde, itheadeved opety HorhiREOGESS

using an el egiron. peam.resist.4s.15 N0 actively under way. This
el ectron bea% rest% IS %‘em rleidr"sf’% “h% l?ﬁrbﬁugf‘gﬁ?ﬁﬁoffé’sg‘é%’é%g}aﬁﬁgh
resol ution amdbatghtsensvingid ylidhir thecking PALAhEr D16 OthaRsS readily
occurs at th Lne.of.dryi after_devel opnent or rinsing along with
the niniatur ?%g PEiveY p%iiffqg’ﬁ%‘sgi aahﬁelb"é%%%sﬂf &E3y SHFR RS 200 exClmer
occurrence ollapattieemncalepser L1deErbadbe¥ar LOUSh1YRSS-1OTo0Rgani ¢
resists %/gni ch are sensti__ttih\/.e %olel ectron beans are known, and a resi st
pattern 4% fB? gresis in 1ilm so as to form a pattern latent image,
developing it to obtain a resist pattern and etching the
substrate by using the pattern as a mask.
Stated more specifically, in photolithography, an
organic solvent solution of a photosensitive polymexr
30 material called “resist composition” is applied to a
substrate having a layer to be processed on the surface and
prebaked to evaporate the organic solvent so as to form a

resist film. Then, the resist film is partially irradiated

with light, and further unwanted parts of the resist film



by various nethods. For exanple, there is proposed a nethod of
formng a fine pattern by forming a thin filmof a polyner 25 of an
et hyl eni cally unsaturated nononer such as pol ynet hyl nethacrylate on
a substrate as a resist film irradiating it with an electron beamto
forma predeterm ned i nage and devel oping the imge with a

| ow nol ecul ar wei ght ketone such as acetone (refer to JP-A 8-262738)
. There is alave giegoduddamdar emyvestioplisiogm deval dpeetpdtrarardyist
form ng a thi i 0 esl st ri containi ng.a calixarene
derivative aslgéléﬁrée%lil s%n ?ﬁl{em%u?)rsrt a :tgt'i %heff&vm ar%"a%hgl gé?%n{%gé‘?n to
form a predetErotemsed mayehensuldevs op ity inhethimge s dth pathgkn as a

| act ate, propyl ene glycol nonet hyl._ et her _.or 2-heptanone 3 _(refer
t 002004/ ozzﬁ%ﬁq‘ pEets eeftgﬁ?%r?%éye&r 8%858861@?2’?11?@ b PBFATRGE P35 TR
pattern by f s ngemotdd rfdonl whef rapiet efi rmnedeamsnglesiest material as
aresist film,irradiati the filmwith an electron beamto forma
pr edet er ni negaﬁqfﬁ’g%qﬁfd:%qﬁé’vel opi ng the image with a supercritical
fluid (refer to Japanese pPatastidl prdRE27® a photomadi 4ROUAN b fidie
pattern can be forned according to the nethod of JP-A 8-262738, since

the polymer dleh & RIFERR A FOUMSAIRY ASdaIndhoHEaCt@Ehbaan drawing
pol ymet hyl 1Qpthac(ylat & ﬁagekoa&&&ﬁ%%ﬂaex%ﬁfsa%emo\é’eeeaﬁ@&i 'héééer
, e

to be processed i-s etched deepl ybyusing thi's resist as a nmas
aspect raPio I hECPeSPREUREPY FVirsssUsh AndeST drydet Sorned eus¢hiehe

pattern hei ght;; Ja ekt raE8C & the ‘iﬁk%pﬁgei el tQW; nB%eg"ﬂaq}’te n
wei ght ketone, the ignition point is |ow 15 and an expl osion-"proo
appar at us nuseipg pRsehptlron beam drjwingiipmsradiuscbavhcbessissiarted

mat eri al contaj.nj i pvative. i sed. accordi to,the
met hod of m??ﬁ?%%z%é@ﬁ%%%ﬂ%‘g% G Eﬁen‘écﬁeisgh @3%%?%‘3’:@' the
resi stance adévalepthehtobf1d prpcans [wesigcan béetoromdoedmire At is

o S oumd Bl RS BERYL s d LB Ll L St
for inprovenent have highFetckianptesisfiagce? highheepabpict a0 high
V020047 022513 509PE FEPOS Yl AGLCLLEELES (SPNSIAd W dan .9y Yk waen
at the time of drying after development or rinsing along with
the miniaturization of patterns, a process free from the
20 occurrence of pattern collapse is desired.

Various types of organic resists which are sensitive
to electron beams are known, and a resist pattern is formed
by various methods. For example, there is proposed a method
of forming a fine pattern by forming a thin film of a polymer

25 of an ethylenically unsaturated monomer such as polymethyl
methacrylate on a substrate as a resist £ilm, irradiating
it with an electron beam to form a predetermined image and
developing the image with a low-molecular weight ketone such
as acetone (refer to JP-A 8-262738). There is also proposed

30 a method of forming a fine pattern by forming a thin film
of a resist wmaterial containing a calixarene derivative as
a resist f£film, irradiating it with an electron beam to form
a predetermined image and developing the image with ethyl

lactate, propylene glycol monomethyl ether or 2-heptanone



25 resist material is exposed to a 50 kV el ectron beam and devel oped
wth ethyl lactate or xylene. According to the exposure
characteristics, the sensitivity of the resist used in the nethod of
t he above panphlet is about 1 to 2 (mCcnR) and the sensitivity of a
cal i x[ 4] arene- based resi st having 30 especially high resolution is
about 2 (nmC/cnR). Hi gher sensitivity is required for the practi cal
use of the reérsfer AodEI2Piodg 0LB5E AR . paiiphieet s fhehee psioboektiya 0t hdie

resist is exp . t 1.0l nt of expasu m 2 i ch
ensures t hat %lﬁgg?ﬁ ﬂﬁ%t%?%&%%ﬁ%gh %q}r%%?rgztngpgﬁ:?u&% Jg]dég?cﬁé’dd%c Ter
devel opnent Bezawessdeiahateridl ast ancdsyidst £l heknrpiss My ehei Bi Tdhe
filmthi ckness.tqj_ a resist be}jore gev I%Ement (the thi clépess of a
resist filmalter TheETEsSE PEHppPi ed-Ari B Fied dBaAFeand
Accor di ngst 0 dédveeImiied thle JapgaesetiPad eilpdNeri?9235781usdncetdie o
supercritical_fluid havi n? | ow surface tension is used at the tinme of

devel opnent, J3PFES5IEH 8- prégvéntShattern col l apse at the time

of drying after dewekepiughAta &inkiHisttibn HAWAVE EorABd RIIHIVG to the
apparatus is retg% red and 10 the throughput is [ow. Therefore, there

is still rooM¥GCG Mfr oFeftefir 2687 381 CBURES GReTHRIYNPENPFCRRI t i s
therefore an &haehieh1the RE8880L £ éAVEM Y tichd 2B Esgggﬁg?ﬁt hod

capable of formng a patfern at a high resolution wt anount
of expostPe Betisichylateebesikov fbrhigohrepistandeagwhes shancweamdo
further for mljégpfoégééé& iRalten i t ; Ngle) ; I
col l apse. It is another (:)Lbj. ect é&%wﬁtﬁgggrb(?}sgﬁ%ﬂgmﬁt ?%%1%35‘%?%&%33'20
a devel oper ddsablspest dabed opf righen nesgisdt ppateennmesierbd memen laggest
exposed with E?}L Elgo b Wi QQH{ a [N | ] apse.

O her obj ect g%an aécﬁ/ant agg’?ggfgé%%igé%éen% |nveel£)ft%%r§c%\ntﬁfg dﬁe"@% er
appar ent fr omst heldwinwikiaw] adewe kgt ikgrton2s Thiee i igwdrtionspoint hiss low

present ipvention. h C intensivye studies to_attajn. the
above ob}tgct sgtngngnh%ﬁl%gg%% %’ﬁ% jlE'taFP % \oé\‘fg Sbp c{gg %:lé%t%@%q‘t ai ned
by using and devel bpamghil & es3istcenather rakistnnat &t hgl acapadiing a

cal i xarene d%r &\J{ggkgg ég{]vits, an el ectron beagmres' st_.havi nt% rg %h 30
et ching resi SPanta Wt h & o5V et Bper® iRt RgIANE pkR| Firg method Of
fluori ne- baswd2sokyenes51Thushoudie piaserirnl AXehd ONidiasSe haeihg

acconpl i shed baseg on_thi t is, according to the

finding. Th :
present invehtFPoR-2PFr A9 2 If"ﬂg‘:gg%fvewoﬂ]“eﬁ 335r?dcﬁﬁv1&%tféﬁfé‘§dof thig

present :ovegmksdat habstidl laldabudr ciibodi o €050 Stheér RRYiSh
pattern, co risigglrthe form ng on a substrate a

teps of :
resist film @BhBF ﬁga‘é‘i ‘Tlg%satm% OF FXRPENES dB$ Y e Virdse|leeued

fromthe growpe£ensts} i g Ofs a-cel iEkar eRBréechaati ve 1 represent ed
by the following fornmula (1) and a calixarene derivative 2

represented by the&90IFGHRAE f Bifulh q2fhe pamphlet of W02004/022513

shows exposure characteristics (sensitivity curve)} when the
25 resist material is exposed to a 50 kV electron beam and
developed with ethyl lactate or xylene. According to the
exposure characteristics, the sensitivity of the resist used
in the method of the above pamphlet is about 1 to 2 (mC/cm?)
and the sensitivity of a calix[4]arene-based resist having
30 especially high resolution is about 2 (mC/cm®). Higher
sensitivity is required for the practical use of the resist.
According to the pamphlet, the sensitivity of the resist is
expressed by the minimum amount of exposure (mCem™?) which

ensures that the £film thickness of a resist pattern obtained



wherein Ris an alkyl group having 1 to 10 carbon atons 10 wherein
R-is an al kyl group having 1 to 10 caibon atons and n is an integer
of 1 to 3 formng a latent imge by selectively exposing part
of the resist filmto a high-energy beam and 15devel opi ng the | atent
i rmge by bringing the resist filmhaving4he |atent image into
contact with a devel oper containing at |east one fluorine-containing
sol vent sel eca&lef rdewe hnonprdupecomsisseimygl ot o atlid tmrantierdoitiaimni ng

al kyl et her . r.ine~cqQnt ai.ni | coh t o renmove parts.nat 20
oxposed Lo t R iOmedueat Al Bl BIR ERGnd s (R EsRaEy pERGrS
above obj ect sdavellrivarit dgbe tdfidkmessbopresenist iant & DreAr-Geatdad sred

by a resist devel gper containi at. | east ope fluorine-containing

sol vent sel ec%sécﬁl??ﬁ;ln%‘fk?ellcglp&er%%gSﬁs?EtF?@u%)’fe f1 uori ne- cont ai ni ng

al kyl ether and a fAdateridiegoonthé fietfodl €OIgbandéd rhhenpmRsend2757s,

I nvention, pref era@%b\é, a fluorine-caontaining solvent havi ngea boi | i ng
[

poi nt at at noSPHE iFESpP R oreado LB HE LW fggace Tensiop jse

present i nvenidem atpraket ol of Reeubabnal ei pbtaiRedibyet s £
| atent image formng step is heated 10 at_a tenperature of 80 to 130C

before the d&FAGHTRRPL4RBES dHd tReR BR RS BpEBéngiattes develepeent or

contai ni ng theabeNe fhypelde; CaNtAIUNG v30Lyeitatus is rddud& ang
present invention, preferably, even when the irradiation dose o TS
hi gh- enef-y B&EmtEsEIEBRUENLE Hows Thespforemddems fisngtilepromn Eog
nC/cn2 or | eSgp@vifeingl pattern without pattern collapse can be
advant ageousl y “f or ned.

DISCLOSURE OF THE INVENTION
It is therefore an object of the present invention to

15 provide a method capable of forming a pattern at a high
resolution with a small amount of exposure by using a material
having high etching resistance and further forming a resist
pattern without the occurrence of pattern collapse.

It is another object of the present invention to provide

20 a developer capable of developing a resist pattern even from
a resist exposed with a swall amount of exposure without
pattern collapse.

Other objects and advantages of the present invention
will become apparent from the following description.

25 The inventors of the present invention have conducted
intensive studies to attain the above objects and have found
that the above objects can be attained by using and developing
a resist material containing a specific calixarene
derivative which is an electron beam resist having high

30 etching resistance with a developer containing a specific
fluorine-based solvent. Thus, the present invention has
been accomplished based on this finding.

That is, according to the present invention, firstly,

the above objects and advantages of the present invention



Further, in the present invention, the resist devel oper containing at
| east one fluorine-containing 20 solvent selected fromthe group
consisting of a fluorine-containing alkyl ether and a
fluorine-containing al cohol is preferably a negative resi st

devel oper, nore preferably a negative regi st devel oper containing a
cal i xarene derivative. 25The above devel oper of the present invention
i s advant ageoars? \atussidigd hyeweimephadnefatoveinesi stediati pgtaekat ent

i mge forned jrradi atl se of the high-energy beam of 0.8
mC/ cn® or les%%@f%&%@&%%ﬁ%g#%\l OF THE DRAW NGS Fig. 1
shows a sensiti vi t;fommimg omh&rsuhb&ramatar\:t-esﬁstﬁxpmubelpi-mélﬂ@at least
irradiation doseé F Q % he hor.i z nta axis and the film

t hi ckness of & &8st an?) 8&1‘33 %eﬁ‘?& m ERE group Genei g
FOR CARRYENGcQJE T ikAYENE| @drivative A dﬁpa:lels%ﬁtdasﬁfrl hd Oﬂbll%vfl'zfgSt
gi ven of each_ ste ihe resist, pattern formng nethod of the
present inverkt r(.’i‘PrHaS(ﬂ' NG F34IRFERR ARt Sralphve 2 reprasented by ddent
invention, affSictink IFe-mQMArisj ng a calixarene derivative is first
formed on a substrate by using a resist material containing at | east
one calixarene 10 deryvatC¥aCsel ected fromthe group consisting of a
cal i xarene derivativeg 1 re¢presentad by the followng fornmula (1) and

a calixarene derivatjve 2™gpresenfed by the following fornula (2).
group haviphg 1 to 10 carbon atons. wherein

15wherein R is an allkyl
R is as defined in tlhe aboyelformj a (1)(1ynd nis an integer of 1 to
CH

wherein R is an alkyl group having 1 to 10 carbon atoms

CHxCl

(2)

10
wherein R is an alkyl group having 1 to 10 carbon atoms and
n is an integer of 1 to 3;
forming a latent image by selectively exposing part
of the resist film to a high-energy beam; and
15 developing the latent image by bringing the resist film

having the latent image into contact with a developer

containing at least one fluorine-containing solvent selected

from the group consisting of a fluorine-containing alkyl

ether and a fluorine-containing alcohol to remove parts not
20 exposed to the high-energy beam of the resist film.

Secondly, the above objects and advantages of the



A description is first given of this resist material. 8 at |east one
cal i xarene derivative selected fromthe group consisting of a

cal i xarene derivative 1 represented by the above formula (1) and a
cal i xarene derivative 2 represented by the above fornmula (2) is used.
I h the calixarene 5 derivatives represented by the above formula (1)
and the above fornmula (2), the substituent Ris an al kyl group having
1 to 10 car boprasont. imMrentildy largr etpatngdbey| & nessisr devaioped.
Exanpl es of t i.ncl ud up,_.et hyl. grqu

n- propyl gr ou%?n?és?r{)ir%%%ﬁli% P gt[JE péﬁjel ]g](') u%%{é —g(%(g)rﬁ:p%lufﬂlgt g{%]u‘%ﬂq; g?%%‘f)t%%d
hexyl group. Lopmothe lppseip Ronsipalhgcafaal Flypseies-alintadniabkylkyl
group having 1tl:[1é) 5 ﬁ:c?rsp atons to ﬁnhance Sﬁ'éﬁ)i lity in various

sol vents and FactTiTh & the ForratPBhtP g 12t <t i Im In the

cal i xarene deri vat ilre thea ppeesnnt edvéyridie, ghaverbpiforaula (2), nis
an integer of to, 3. To .increase ﬁhe content of .a chl oronethyl group
which is one bFIrd¥s-999HR1PIPH SO KePhe#htRE 1 PUHdenReARE at
sensitivity, dtmsspgHeafier gleshrarof, 400¢ eoprefiabliy Lsedhe

cal i xarene derivatives_ 1 and 2 can be nmanufactured 20 by net hods
descri bed i n W2004F038518resrplastgntdioryl pPreferakhidr bie  suratrats

pp. 997 to 8QhtakIRd #RA tdB- AdPP41d23n86image formﬂl?l Eé‘éﬁffé]%eated

cal i xarene derivative Selected fromthe group consisfing o
cal i xar eR€@ dé¥t RafFvRerayre sdnBBd-Dy 325 Ct helabe dief denal abriant siep

the above foriay aHes) dBR%L1BBANG1LR! 4 XALANS ic\é?lttia‘iﬁiﬁ{;. é‘h{:}"éﬁ&?{
St at ically, the

of two or nore calixarene (;Ier_l vati ves. nor e specil
cal i xarene dériupsinge contappiBensebivant + he above formula (1) may be

used al one, or a mxt al.l.xarene I jves 1 and.2 3
represented by th(ranI ngﬁlg ?{o?érr%&agﬁ"(\}fiﬁ %5?1)31 ’(§%E%g£%¥§’o %%e%g‘gﬁn Q_‘he
Especi al | y wherradietpproddosevof yiind haiginldnesgenbedaer applied in sedd

and the r Lty . i fi re ken, into_cansi deration, a
mi xt ur e % g%%tfgl%e%glgggr ?gg‘b?%%sééiégaﬁicf ft'?seﬁnr%éggnt%ﬁqb%fst’hg ABSvET
formul as (1) pa®temd @¢2rhout ppzferablaolisete Eansba aluset dpsorss ITRSS
rati o of the _cal ie arene derivative 2 represented by the above fornula
(2) to the calixarene derivative 1 represented by the above formula

(1), that is, a vaFuetistai iredtey piegietitngnbehbtonpsehofrddiat

cal i xarene derivative 2 represented._b he abqye fornula (2) by the
mass of the ?&FF?&PSHJH‘&F Vé%ri‘glé—"etl ﬁéﬁ&eggﬁt gé“ﬁ?”ﬁﬁ?%ﬂé‘% nul a
(1) (massoof sbheeder bgdttved of rdnhe rRbepeuoebukast 234 nesss of the

derivative of..the,above formul a (J}.%)]Tof preferably 0.0005 to 10, nore
preferably 168UB84BEfEoRta1ning alkyl Ehey) pRR f ot Feareperehaining

| east one cakiLl¥aneDeidepiypdtarys el %@a@iﬁr@%&bstga@&wlcg%ﬁi $id-ag of
cal i xarene derivatives 1 and 2 represented bi t he above fornula (1)
and the abovBTRERREPLY (2)NRBHY S IGRSILF tr 8E¥P L BRCE oCoREAEHINK & ene

calixarene derivative.

25 The above developer of the present invention is
advantageously used to develop a negative resist having a
latent image formed with an irradiation dose of the

high-energy beam of 0.8 mC/cm® or less.

30 EBRIEF DESCRIPTION OQOF THE DRAWINGS
Fig. 1 shows a sensitivity curve when the amount of
exposure (or the irradiation dose) is plotted on the
horizontal axis and the £ilm thickness of a resist is plotted

on the wertical axis.



15 derivative". In the present invention, the resist materia
for formng a resist filmon the substrate is preferably a solution
prepared by dissolving the above calixarene derivative in an organic
sol vent such as ethyl lactate (EL), 20 propyl ene glycol nononethyl
ether (PGVE), propyl ene glycol nononethyl7 et her acetate (PGVEA),

et hyl propionate, n-butyl acetate or 2-heptanol. Known additives such
as a surfactant nmay be contained in the resist material as required.
The resi st f p ving all the 25
conponent s gﬁé{égghﬁ% ca |C%§%3E§Gdg??\%€gve anc;’ﬁ(c)t%tl onal additives
in the above organiicdebhidad deatmptionals fifridtt givag ¢heachsat &b ngf
sol ution mnt I ne _cont.e f the cal i xare
derivative in }?%%%%sslﬁgﬁa&% ar |f§fr£%§%paér]ce n& %des Prﬁggngbjo]?/verftsmn
suitably d8eterm ned accordlng 30 to the deS|red t hi ckness of the
resist filmand t.he t t he calixarene derivative. For exanple,
it is prefera@i %ii¥%ﬂi%°ﬁgégg SteRhethod of forning a resist film
on the substrate) rhOthe preséﬁ&.hh&eﬁEQSﬁntalﬁéﬂwyﬁ @A 1mt Bém i tae
on which a resist filmis to be fornmed is_not particularly limted

and known sulS&rEPESTEET RIS 1‘:% 1 EEhstIERSE o lﬁ‘a'T"EI%nglTaats“-‘st using

substrate and tReSetswaskiraheschavi N an aQ:X|1‘é%.sft' bife BhifkgBemafilm
or netal thin filmtheregn may be used. In the present

i nvent i oh® t KEYANEF Veets lGCtast %??T&FthrQHEIG‘%FIt%J{HﬂeD%E%J{%eﬁ? a
known net hod d%alitha@avépunrégféeéwc@dl%w%%e%ﬂeﬁkﬁ&)féﬂndl%f ”@16} and
resist filmcontaining the above calixarene derivative.

poi nt, baking@ F§116a5?€ﬁeﬁﬁﬁ+ya%ﬁY¢|%H¥Qﬂﬂ¢&§ﬁt&dhbv bhatﬁOlﬁowingll ke
at a tenperatedh @b §9)to 130C. The heating tinme is preferably 10
seconds to 5 m nutes. The thickness of the resist filmforned
by the above method ifs s@H&bl y\det er mi ned according to use purpose
but, 15 for exanpl e,

solid content. 7 esi st {fil mcontaining the above cali xarene
derivative can be f i the -ubst&aﬁe by the above nmethod. A

description is subsg of t 8 step of formng 20 a pattern
| at ent i mage by selggtive s4ng the resist filmto a high-energy

beam (latent imag In the present

i nvention, part of m on 25 the substrate obtained by
the above resist filnmfermngStep is selectively exposed to a

hi gh- energ)y behaersin & 1o dromhkglpgtrbapnhiatentl ivage. cERBoabavems .

hi gh-energy beamis not particylarly limted if it is a light source
capabl e of forrm ngca.tlatent inmgge 30 in the above resist filmthrough
the irradiation of [the enefgy

()
CHz |\K CHa1

OR dn

(2)

4-n L

wherein R is as defined in the above formula (1), and n is
an integer of 1 to 3.

A description is first given of this resist material.
20

(resist material)

In the present invention, a resist material containing



beam Exanples of the high-energybeaminclude el ectron beam X-ray
and i on beam The part to be exposed to the high-energy beam
is suitably determ ned according to a pattern to be forned. 11
Therefore, a known net hod may be enpl oyed as the nethod of
selectively exposing to the high-energy leam Exanples of the nethod
include a directly drawi ng nethod and a nethod of irradiating the

hi gh- ener gy b@%rﬁﬁtqﬁto@@l‘? gakbskrene Assivetiveaseheciedderaranhbegroup

formed in the &egiéglz{ gyglg%ﬁé&géwee d@EQQQJ.v!an% h%b%»r‘?c{s%%{%@?isbyt%%e

i nvention, the substr t he above ne
substrate on WFW#\ fmelwlesﬁéi arid @dm:armnegdehevabm 2catprageneed

derivative is, q]??q bl se hi_gh- ener beam
10 so as to f m a pa erflt%llrﬁfi%ent %XB i) be §]i c%ii”é?? to as
"substrat & obdarinedtibses rxegstentednhgetm@rahm sﬁmuﬂaer(ei) nahfiethel s
then devel op

er. cont a
f1 uori ne- cont%f%v%gogg}l {C}p f.lee.' S\)#FF%EQHESRCEF ﬁéﬂailﬁyjd@f‘&?lp having
herei nafter. Tad arancarbait erbmal arhkdb dkgHegreeps nbhi/Vbé Y1 Bledh et | M
of devel opnent r.ef erabl i ubstrige obt ai ned by the | atent
i mge forni ngl’rﬁrgc&eids h%%‘aa %bt‘e fLEYL BRI tRp L ide Pgthyd FromD)
bef ore devel apmaat gasdp| &e@r@w@l@m@ W ¢ dposiey ghens! ﬂéf@bﬁhng{rlou'g;e

described in detail. hereinaftej. A descri ption is 20 subsequen
gi ven of 1Phi & RukrY SERURe ARdshRYYL (WERHP ¢ r O4tneft theep) R is I n

the present ifavenhQRrihEreebsinas enomfyﬂ%o% hbeiabave,| @tc%%onke

image formng step is pre erablg heat ed on hot plate or the |
at a tenper attio®Sof-OopeBhapsgpl §o8rbi i@ vwerevsr sPevabty ®@dto 120C

(heat treat mtcﬁtlea)ce %}aecaawaego&%f g et f&pﬁat ment, a resist
pattern after devel opnent can formed wth a sm armunt of

exposure with the Feddis celuswrsaaﬁerwa/tvge gfregiveseasiedtbyc the bdoss

| ncr easeds Foopaanle) AMBErAGuSAIALL I8 LY ciich 45 SialaLed, (h
herei nafter @Qnéﬁntn@léﬁ Qiéemmuertgyéngrth@ tvgtpe:hoflst heedasleix@[ser 1_1hhe
anount of exBBﬁH g (P« %eﬁo I’a% 8@9 I()%gp]%t ca%edﬁé i's

0.8 (nC/ cnR) ess e
preferably OpﬁéfEUabliZ (.n@th)mo:@q gtﬁeéecmbéy hand, when a heat

treatnent is carri t, the a unt f._exp sure can S
0.08 (nC/ cnR) or I@gs%%pre &rabl ltvgs %%aéﬁ ar?b‘%&"gure

prefera?y Sbpomethbds QeOdr Hoeb OL:rD@Io(zrm@/cldruﬁ)zS(DB |EIS§gasakJ. et Bie,
reason that th nsitiyit e resi i.S Lncre carrylng
out this hea%lw EF%%’%E y%]gkn% H5ut 9%% i€ ﬁggmigfa%lsa‘%/% JE6fs. That

is, a radi cakogenerasesl. | n the resist by irradiating the high- energy

beamreacts by the 1%1?@ eat treatpent to pronote the crosslinking
the resist, wheredit tif&soPBHi F# %/X?:??Ii%éleéfé\')’@ﬁ')ﬁ%rs%lfe‘%“rf‘éi Ifé'P@n’Fhe

i mage porti Ofreegr astesi sInd dRldalakaPyHe OhytiFat BALS I&@»r@%@ﬁ&édbyy
the heat treatnent to nodify the latent inage portion her eb

reduci ngg3ol BBF 137378 rf-ctxﬁélld‘e\ﬂél) opRt  thehGdgiyet fermula (2) may Ye one

calixarene derivative or a mixture of two or more calixarene
derivatives. Stated more specifically, the calixarene
derivative 1 represented by the above formula (1) may be used
alone, or a mixture of the calixarene derivatives 1 and 2

30 represented by the above formulas (1) and (2) may also be
used. Especially when the productivity of a calixarene
derivative itself and the formability of a resist film are
taken into consideration, a mixture of calixarene

derivatives 1 and 2 represented by the above formulas (1)



15 crosslinked state does not change. Since the crosslinking of the

| at ent i mage portion becones unsatisfactory when the anmount of
exposure is small, even when the latent inage portion is devel oped

wi th a devel oper containing a specific fluorine-containing solvent
which will be described in 20 detail hera nafter, the latent inmge
portion easily dissolves and a reduction in the thlckness of the film
at the tinme ofnde(?) dpmpretexphdy weedwoThéd. mbHoweve rhasvee natkerdehd

treatment is r I g Ives
at the tinme o?gd%%%?%agi#e}ﬁaté%%e dt%}): %g&g%ogep%ég&hgeﬁ (sﬁ'r# 1:\%ner 8 t he
t hi ckness of foonubsi&l) gat tt@encaéhmeﬂenétcberndmteh@prxemapﬁasehmd by

mai nt ai ned at th th| ckness .of the res

bef ore devel o%%%%%%@fg%‘y%gaﬁéa J‘ts ne |asluseu?$5%3r]§l %%Veﬁf”rﬁ'{&]d‘g
accordi ng & o tieamerseat uxfethedcaheca:mrm)ﬁetmﬁataﬁd 4 ln:ie@xte&leﬁltaasﬁyocfhe
the 30 resist film_. For .ex referably _10 seconds to

m nutes, par tIUIAARFBrEs Zggb}m %5" DEESnas Y %lﬁ&FSE‘et@e’aje‘@quéf? a

more excel | ent repieséntid bheclipbapeve eapatabhurg (Hdaeor thi: sebsidate
WhICh has been %Eﬁ%ted ‘lro% t he abogze thod may be sinply referred to
i

as "substrat & FOTTaLan 2 hydugsg Pga"t%ﬁlﬁré’t@ 1va&fetharakave
In the presenfodniMeNt(iQn, dehpregbehbayeo obddd ned 1Ry teel ?E@Eéréﬂf}ge
form ng step or the substrate obtained by the above heat treatnent
step is dlvelbfdfPwitthla devel oper 5 containing a specific
fluorine-contai ni nan@ﬂlél%llomh§ VSt QRN SEeRaMd bnbe, aﬁﬁ%&rfe?l%d
her ei nbel ow. (devel opnment ste%&) n the present Invention,

substrat e obtdH&GtHye18eigeteddren @Ffémfoilﬁﬂg@lﬁmuﬂmg%t@dmnene
heat treatne Qugh C hy I

cont ai ni ng a%%gg{hg%gb:% uoritznfeé%%nt %’E%?ln%y‘@&teven 9{5 ]f)or%n
group consi stthegldvefprruotf e ot e rimg Lal ﬁ«q;ﬂele:tdubto asd‘aalixarene
fluorineyq ﬁontd%lrrllvgg ;akeohol to renmove parts not exposed 15 to the
above hi gh-energy beam of the resist filmso as to devel op the above
| at ent i mage. The Eng'gle«stptwruz estventtilon, pﬁ:heenésmt/emumaa]r €drhat
this devel op e r out nd t a LS, devel S used
A descripti orr?%%llﬁ%r gt Eé’ls%%% : %/el (‘)‘%é‘sr rggﬁt &F nPﬁ% i
fluorine- contsa;ﬂntmgnzprepanedltby (cizheamﬂo:peng) the abov&hea]jﬁvaad-amr used
in the pr ese lgf‘ﬁgtl on contains, at e e- cont ai

sol vent (may Iy D53 etetted £8 Yi‘ggéﬁonglr?“?@ (]5’6’ FOrHE EL

sol vent "2ther gropfleng §E}'d§ﬂt ednfomeﬂhyh]eetgtemlﬂpmﬁsl S@tcﬁ}ﬁyﬁn@giyeol
fl uorine-containin nt ai ni ng al cohol . By

et her and r|n - GO
using (hi s oEGEPBRERYL Bk TaATestls (oM nidigus BapPRarere A puty)
derivative capabheeair bohabBgnal patﬂcﬁ&naaaytﬂ@eéﬂs@ﬁheasm BArfactant
resi stance 30 at a hllgh resolution is ysed, a satjsfactory pattern

can be formel®¥tPa APOrAERER i GRS TeRieh BRERBLRL A4 URTEITaSpoli® e)

That is, depengtn@rerikheid yRerekabho Hiahepesry dwken1vigy aallqvehe
heat treatnent is not carried out, a Satl st act ory at tern Can

fornmed D3P i r FERPERERES ﬁ*ﬁ}grﬂ%ﬁ@ﬁg?aﬁééﬂg%%kﬂeqwa@éf@aﬁn@ @Etl@lﬁal
b th
eamwi th a sgatii Ul ©le & URARIE %)an.OLE: sesm m%%é%g&gﬁg
The

| ess, preferably002to 0.8 (nC/ , hore prefe
(nC/ cnR) . WhehtCewngbbed aradit ingenndion wsltiaamee@r@ue figter,

sati sfactoryopat Lt RoRfe N5 Bt Lol i Jag¥ePa i bl i3 HE srl%m)ugt%?%l 08

exposure, for exanple, O. ess, pre era
(mC/ cnR) " npr%p@r%d asactﬂs}cme@l abhave @s%lxwmetarrmhrﬂacnﬁccnﬁim@)

The cal 130 [are dPehBobael HELMTER e b Dosoon posabss type'of”

the calixarene derivative. For example, it is preferably

0.1 to 10 mass%.

(method of forming a resist film on the substrate)



10 is about 2 (nC/cnR) as described above, this anmpbunt of exposure is
surprisingly small. Wien the substrate obtained by the |atent inmage
formng step using a resist containing a calixarene derivative is
devel oped with this devel oper, a satisfactory pattern can be forned
Wi t hout the occurrence 15 of pattern col tapse. Al t hough the
reason that the above effect is obtained by using the
f1 uori ne- cont ai ni ngt™s dihge P eissnol nueayenR k ridwh subsitsaite conwhileh el
to be due to jphe; facls, thatidhe sQlubyli i Xakene
derivative of t%le 2?’% uori ne-co?ftga#%linlést }SQSF\?%%%@?%&%%% gg}n%?% E"‘al?ﬁdd
nmoder at e and kiewn thdbshindtese siehsaonsdiicte submmate,conbatni gljass
solvent is |0 That. i far increase.of sensitiwity, since
the solubility %%%éegggs%\ﬁféa S%a?{llggi:r%%eesdg?y\l/% ia\]/neo}é:fé? I‘?Iérlx" nitride
fl uorine- Gont&iim ny sedbadntthiie Noimt teehegh nend bodeedt.e, 25 it is
assuned that even en.the nol ecul ar i ght of a_ polyner, )
(constituting a | a\[ﬁhéjhtthIen’Bﬁgsﬁ%Ft‘}%‘Fﬁr\‘,&tfghe&g\ﬁ f‘ﬁggesﬁﬁ?’rsﬁrﬁﬁﬁﬁr’@fl
exposure is lisvapohd egokynelie dogss vielt edbgsQ|l MeowD ret®od such as spin
fluorine-containi,ng solvent and only unexposed parts are sel ectvel
S I traket) deyop ' /

di ssol ved and® g ie e itheksh) R EPSPn ite P ts b1 tRatontpe ning

| atent i mage R hbole COHL 1:eMin: WaLE Gakeepi ngAht@aﬁlm%Q)%ntASbiﬁné he
prevention of pattern collapse, it is assuned that en the
f1 uori nelBontRHShetgdyl Fantipd Pt v rehRled Bt6nrPrEnEhsubsis A @f t er

it dissolves ddhpcabeveCotigrrenesflati vahVee & 14 16R0i Ofhreferabl
devel opnent or after 15 rinsing, attraction force betweer? pattern

i s weakened By SIRECRGF Aee5t BHRYERS of the devel oper existent between
the patterns due tenkoyy, sitface JreRfloRe At thal A

swol I en and not deforned by contact wth anoté}er pgtg?g?anﬁ%u%ega%ogve
noder at e sol gisithicglyds suitablypeteginacheceprééngdfo unermagiorp but,
sensitiviky gpg QQQM}‘?P%' g &E@tsfogr m?%i@j?é:%k?ﬁ; LReeh! I A pased
devel opnent is espectally marke or resi st “contarning a ca “Xaréne
derivative (eslidareneederivative 1 and/or 2) , it is possible 10 to
control solubility r ISt I .accordi to the type and
anmount of anot her E%%vre%{.ﬁ#h%rle oPgl,rta?hégéaﬁ%ee? BC cca[';]iLn:L ‘%%gﬁt ai ned
for a negatiderivstive athere fhamedloa rlesbebs toatabyi g dbevaherrod.
cal i xarene der| Lve,: especially an ectron beam negative resist .
Consequent | y,g’ é%g%#ég%o\?%Ilés'pé:’}]g(s,'%ﬁ?g?ﬁ#}ﬁggjt‘f%l P&ugb? n%%r?%aﬁﬂ’fﬂbng
sol vent 28 ahspatsefmllaiserst densgjeoper skbechbgaly xg@Singt $her résist
devel oper for 'il egtronlﬂb am negative resists. Exanples of the resist
material used*fB8r “ReQaltVe FEEHE 5B which the devel oper contai ning
the fluorine-containing solvent is useful include 20 conpounds whi ch

are crosslinked or pplynerjized through exposure (including the
i rradiation é aB?PEIHE%Q%r#CH@Eﬂg $5%Phat their exposed parts becone

insoluble in the deyaelmepgresspecCidigalion,t Pageabixaienader fgiw@é,

calixresorcinarene derivatives, adamantan.e deriyvatives and 2
torquecetie deRf\ISFE&Le obtaingdbyih pbeuntresivainti on, famming step
handling easesisetakondiy! 0xpe8sRces o gn-eikr8h bl so as'fo form
fluorine-containing solvénts, a fluorine-contalning solvent having a
boi | i ng poi n& RRtERTI @ iHegssure of 40C or higher is preferred.
Wien 30 a fluori n?{é) 5ai 011G rs ehuent haw i i 1.0
this range is used, tﬁe evapor at %ona% t eﬁgln%(;cr #e%{g%lnjt%%lﬁfit%%“yéél
sol vent is rafelt ti® acdmedsi sponcef capabbievaed demingr el yathaingassgand
oper at i ea LS 0 . L. .of.thei)FiIin
ot ort hett tEE TR RE R E R LAt SEEb Dol bt e
nor mal oper abeam. | Extakérsiaf the bhghdenatgwbeaMiiern 1ade Ket tsohVesdn,| S
used, the bogéli n}g goi nts of the conponents of the solvent preferably
fall wthin tHe T2hg&E*™ he 5 fl uori ne-cont ai ni ng sol vent

The part to be exposed to the high-energy beam is

suitably determined according to a pattern to be Formed.



Rf -0-Rf '(3) In the above fornmula, Rf and Rf' are each
i ndependently 15 a hydrofl uoroal kyl group represented by CeHbFe (a is
an integer of 1 to 10, b is an integer of O to 10, c is an integer of
0 to 20, and b+c=2a+l) Exanpl es of the above conpound incl ude
CF3CF2CH20CHF2, CF3CHFCF20CH3, CHF2CF20CHRCF3, CF3CH2OCF2CH2F, 20
CF3CF2CH20CH2CHF2, CF3CHFCF20CH2CF3, CF3CHFCF20OCH2CF2CF3,

CF3 CHFCF2 CH2 CiiMPre T ars ClaF EBR2EHREHFX. a3 DEFP R TRE the method of

CH3OCF2CF( @3%@1?%%%2%2%%m%§%%%%&§%ﬁ.2 ﬁﬂgmples of

CF3CF2CF( OCH3) CF resent i
f 1 uori ne- conttdiamingiIrel dincdkde asdpredielablnave nyy deahbdoandl £ oleihod

Dol oving 1 oSt RO R QR e ot RS ey
Pydrlgf | uosoal kyl ?mtﬂ?m é?te?erm?a_l;_dogamelefcﬁnﬁeﬁﬁ 'Li];a 1gma h:agegerfigfm 1
(0] , e 1S an eger o IS an | nteger. o (0] , an
Lot souen) . S bhe el ethdd { Unnd BrSentnBaE R Sone Eha e ssanten
CF3CF2CH20H, o33 @)y 2G24ktvéha t 6K 2 )t H3EH2EH : HeRSud Sl ASHRAHch.

CF3 (CF2) 5CHROH, CE3 (OFR) 6CHR2CH, CHE2CF2CH2OH,  OHF2 (CF2) 3CH2OH
17 and CHF2( EEF2EH, L1 1m contganipgsthe pbye SRl hseEent Adhivgtive

sol vent sel egtseddirined bhea Qél)é@t:ﬁ\ﬁél? Hxpedf tbheAE high-energy beam
fluorine-containing al kyl ethers and these fluorine-containi g

al cohol slftay eadseR) IoTH dRatderaslatork tirgcofmayideosinpte referred

f1uorine- contyy BN 4@HS obtained ﬁ}lﬁ:hefléﬂﬁq@%‘ége forming step”
fluorine-containing solvents, a fluori'ne-containing Solvent rhgaw ng a

surface tensiP6FeARF5Erdf iprieresr dprglaped Wik dpvebrrenconseabing10
to 20 M m 1@ ispetsedc %of’{nér@ﬁ?cai%iggg%ﬂ@ghﬁomlféﬂ'vgglfcﬂ vent

whi ch can dissol've the above calixarene derivative in an anount of O.
01 to 50 ppnAggcrabgdt 1atdodl] senginadilear.| yIoridmer ablpattsed. athe
devel opefgused At e, PIEsSENL, IRVERLI -\ 0S f 0

t he abov%sf I Slgg?lng-conﬂl ni %ggl g%%t@%lr a ma%%?%&g ’hg’%g%%\:'i‘%%%
f 1 uor i ne- contaenswegs s tve b tarigednby hghe Krdemts dhagat fasmimngtap ihe

effect of th ri,nex t.al ni ol t .i.s_not.I ppair.ed. anpl e of
t he known so \?éh‘tg&i ﬁ%l%%%@h%dér%%%r%oﬁ\%g’l vent sy~ ou %‘ft)\/\ﬁ?eﬁrfo
al cohol s anddgigtopmenhensl adhenpdevebopat witdf er dedel Men whiehrailD

o o o oBar AT el 00 Myn LRl L AbE AN
of the mBarosabbeguantentiven priefrdriabhga8Orvedtmet d1fs based on
the total anobunt of the
(heat treatment step)
In the present invention, the substrate obtained by
the above latent image forming step is preferably heated on
25 a hot plate or the like at a temperature of preferably 80
to 130°C, more preferably 90 to 120°C (heat treatment step) .
By carrying out this heat treatment, a resist pattern after
development can be formed with a small amount of exposure
with the result of the sensitivity of the resist can be
30 increased. For example, comparing sensitivity which is
evaluated with the amount of exposure (D) defined in Examples
which will be given hereinafter as an index, depending on
the type of the developer, the amount of exposure (D) when

a heat treatment is not carried out is 0.8 (mC/cm®) or less,



25 devel oper. In the present invention, the substrate obtained
by the above latent image formng step or the heat treatnent step is
devel oped by using this devel oper. A description is subsequently

gi ven of this devel opnent nmethod. 30 (devel opnent nethod) To
devel op the resist filmby using the devetoper of

t hepresenti nventi on, knownnet hodsnmaybeenpl oyed. Stated nore

speci fical | y, PFefersiimiOe 02at@i0p8i HaC Mt Hodnere wiiedierab8yt hed5 to 0.2

b A d i i i |
supetrate | WERERS] | Onankafind: higd, Wnbh 4 HEa 8RS ARKE! QPELer fhg

puddl e nethod 1 n whi'ch th oper is placed on the surfrace o
substrat e andowdt sty ameuhbdof rexgiisciret KB) atrov dedeet| bper. des (apy aytd

over the subs t r t,of_ the Qds, the puddle
met hod or theéég%e}yéngf%gggﬁg E&ejf%ir)rteod%s'éga {chngﬁduggrgh%r%%%{ﬁﬁl%f
parti cl es Swhintrarthamhe .ddusadod . o6ni{ady oat)i g tleesr.esi st .

Descri bing the developnent nethod in nore detail, the above, devel oper
havi ng a tenperat uﬁlémoﬁ:eﬁlfgfle{fgﬁgytlﬁ Y VY Ry ghﬁr eferabl 35 15
to 30C i s appinettdsed be cihstimat euohindisnesa b\t rche meaternd unfBeen but
formng step or .the heat ,treaf nent steBFand_left to,stand, or the

devel oper havihgS RESEBEF2T Msur eTPahgEs i & KaFECadr IGRFER BRB A

the substrat ecHedkedipt adet eraBNLEikd Fhe HIwh SdraidnBebine A 1 tifee
time for _spraying the devel oper are preferably 30 seconds to 10

m nut es, for 55t fErabIF80t S REMRES &5 rmeEdd nkAngonSi e atgsdwtof
throughput . Apaitgrncransdrudlity fardmd salet B=aboy @ HeeIREERA WiRge

range and the above tinme by using a conbination_of the above
cal i xar ene dé9%xFdy €egradefie 20 ARNE Igdy ydpelytic reacipidn mecurs

resi st patterdy iigef QeEBO:DYaHEMS GRYaiFY RRCOE JRDGE M%&a% it;l\}gtg%gxe

met hod, using a conbination of the above cCalixarene deri
t he above dedieggby. r2gucppgt sebelat byt Jin the devrdopenai bhowpgh the

devel OpeisCan,ARneaRKAT{IANJNS albsEAlfe Nk Rde! Bfe IGRIAl RRLLE! N
formed by the above devel opnent with a rinsing liquid as required.
Al t hough an @fghhe cladEinie Anags arbxis.crhlee comss ngiseitdisifd craybevtidie thane

30 or differ oMt V. er, .| a ilin oi nt at
at nospheri c %tﬂ%"gis—ll%r gkogﬁ%?%&elga y C g#eﬁo&/glrg'fl %Fgei%?e tgrle{'baﬁ?
120C or | onepowhénndryideyedapedi witlakedeval apenmeinteiathgre spheighove

deve omret SEBEA;LhealAIR 1R 5iSR, TRAER LEREbEZelnl
turned azoa deghidpkedeimafiréwe e latehtnieabel baut tlos uedsidy t he
rinsing llquhgssolves and a reduction in the thickness of the film at
the time of development cannct be avoided. However, when
the heat treatment is carried out, the latent image portion
hardly dissolves at the time of developwment due to the above
25 mechanism, whereby the thickness of the resist pattern formed
after development can be maintained at the same value as the
thickness of the resist film before development.
The heating time is suitably determined according to
temperature and the composition and f£ilm thickness of the
30 resist film. For example, it is preferably 10 seconds to
5 minutes, particularly preferably 30 seconds to 5 minutes
to develop a more excellent effect at the above temperature

range. The substrate which has been heated by the above

method may be simply referred to as “substrate obtained by



so as to dry the substrate. Thereafter, a pattern can be formed on
the substrate having the obtained resist pattern 5 as a mask by
etching, for exanple, dry etching the substrate. Exanples The

foll owi ng exanpl es and conparative exanples are provided to further
illustrate the present invention. 10The mesent invention is not
limted by these exanples. Exanples 1 to 10 and Conparative Exanples
1to 6 thedigatartaifatgenty sEERé shemed vt eBubst i t uent R and

m xing rati o shown iyn b n r I I .
nononet hyl et her aé[lnet gg% F%%?/é%? %e‘r?eeﬂr%%éd%%ggt 3?%%% %%gaéjbrllev%é)}{o
ensure that ttHee tlatgntcdmeeat Lefmine stgbi urtthre sddsitratievebt diboediiby?

masses-. The t-al l.ut.L.an o ! hi gh- densi ty
pol yet hyl ene%%éfgﬁeﬁ%%%g% %t?htreg? ?l%%? ﬁLS’ géﬁ%%gp%\(jii tzwg tglf aotg%‘éeqporﬁetro
prepare aSresigtt@Mimgt er spkciThe st hestrivie pirgriialingasocdppht ed Mdsa
4-inch silico f Ln ¢ i nd bhak on_a_ho | ate at 110C
or 60 seconds to forma resis I'Thmha i 35 nm (as
: bRt 38ER, §7TH PR Rng R ednBieofs (
solid content) (resist filmformng step) . Then, a |l atent inmage of a

| i ne- and- spac attern having,25 a wdth of 200 pmfor the eval uation
of sensitivi t@eglr‘? ogmleﬁ‘é:eﬁl:eg?mge of a |ine-and-space pattern having

a width of 20 nm fon the sredeirnt i afveaftipalt €hE SObsEESE: Wt iHeWRON
the resist fil rmed_on the, silicon wafer el ectron beam

f b
i rradiatt8n (tlhgt BRPVEhgESRor Hiade faming ‘Fﬁ@l%ePécFlﬁ%ﬁl%arﬁr?@tment

irradi ation waspCag eshght ivtbheatida! WRBhtdaehvienadeat Lo HasdPhran
el ectron beam (anmount of exposure) by using_the CAVL-9410NA el ectron
beam dr awi ng *&pF4r APEsELePrikiestakadaing g@lyent sekscbed afrom the

accel erati ong¥glibagenangt g 169 ep$l%Br@nebS@HtQi&‘iIﬁé‘talkm_ere%?z@i:e%nd
the patterns were baked after 20 exposure under the condition shown

in Table 1 i A Ekuppies-sonpimgingqlgohrdatot remevemagiepot exposed
Then, eagh of,t PRcISNEL QRS & Nad SRIROSkEL | [ es.l.and
2 was appli edoto tehe substrgg%e obtai ne%mbyESHt?%elsa :/)g\;ce &Eg%tlo ?‘ﬁaﬁ%
form ng stepdevelpe thenpbevediatemt tnage at TR iggeasiy fpabutes of the

devel oprent ﬁgésﬁﬂtﬁmoﬁdga&gl%? iézcgéé)n%logénetnﬁesg%\g/gs carried

devel opnent, “each of the rinsing S oper-1n
conposi ti on) cshawd Ehatapiies devahdper vies ugeddr dpgedcohpt hen substrat e

whi | h 30 d ' h
Substrate. | TRG Shiity chAISeRk SAPRLOE ool SRR - bhebeti e o

revol utizh oboR2y@@. rpmto forma resist pattern. The
sensitivity and pattern coll apse of the resist 15 pattern obtained as
descri bed above were eval uated by the foll ow ng nethods.

(developer)

The developer used in the present invention contains
at least one fluorine-containing solvent (may be simply
25 referred to as “fluorine-containing solvent” hereinafter)
selected from the group consisting of a fluorine-containing
alkyl ether and a fluorine-containing alcochol. Byusingthis
developer, when a resist containing a calixarene derivative
capable of forming a pattern having high etching resistance
30 at a high resolution is used, a satisfactory pattexn can be
formed at a high sensitivity (with a small amount of exposure) .
That is, depending on the type of the developer, when the
above heat treatment is not carried out, a satisfactory

pattern can be formed by irradiating a high-energy beam such



(sensitivity) The filmthickness of the above |ine-and-space pattern
20 having a width of 200 pm was neasured to plot the relationship

bet ween the anount of exposure (irradiation dose) and filmthickness
so as to draft a sensitivity curve. The exposure amount (D) of the

el ectron beam was obtained fromthis sensétivity curve, and the
sensitivity was eval uated based 25 on the following criteria from
this exposur e2andurdleEhras beam Wdék popmabhsandwil of Expasxpesufer
anount (D) is 04050, e 1 p t ). LS an
0. 08nC/ chan%%?%'c%@so&%sﬂ% L‘?gge(’x gg%%%%ﬁhgégﬁbi%%?gkﬂ’
than 0.8 nC/ cnorarprsfeapliciR06r toeds2 Xmiopdsur dtemthe 4B)ve shewr e
than 1.5 nC/c i ; S itivity. curve of le 1. This
sensitivity C%Ae:{n%a%t éb?\g%ﬁgg%gygﬁgésér%%%l%%é cﬁyr’rp%%ggﬁi ERReRE of
an expose& pafermed evenfwirh tthsnkihges amehert afidepaidra)g fbbecameimns,

of exposure o rl zont axi s_apd_fi]lmthickness o e,vertical
axis. In Exarr(?ﬂ %%ﬁgggcﬁo)nﬁgﬁaﬁ%/epﬁig%ﬂjs}f Osgﬂrs’f? Svﬁ?yp“éé/]ﬁ?bi'm
drafted 5 |i kewdferdd yohdaé rhizaheo anpuac/eh?expasares Ga/ostabed a8y e
specifically, .as shown t;?g( Fig. 1, an inptersection point between the
appr oxi mat e SUFRT &t 1¥ e(hg%?oq%rf TGHOrat Rt GhengcRAbhAvbYY £
dotted |ine ighd kalfikqul &rend-Baddsiregiperdism ed BY WEINGd4 0000513
curve and _the approximate straight 10 line (horizontal straight |ine

shown byl8 doit &PTimé i(RCY AB" ¥ iFfudescaribgdt pROVRor Eheh ARAIBLIA ned
to take the @@a&r@figéaeﬁywiﬁ@pg%amll wHE tHe s%)ﬁsékake%tained
0

i ntersection_point as the anount _exposure (D) . The sensitivity
was eval uat ed¥hi8edidherhidnagfo EREMRTeXRE M NEDR Fas Bamsinds iadggl5

Conpar at i ve ExamnkeareaBdatherdesi tis %%&nga bl 6@{% dgeai%%%p%r,

(pattern col |l apse) The obtained |ine-and-space pattern
havi ng 20 a i 8&hlefaoiorimpRdsesbseavdg foroedvijghoukethe mucurrence

m croscope (RIRLEkeahi 98) 95,300, 000X) . A region having a |ength of
270 nmand a W 8th of 420 nm observed under the above condition was

divided into 16 sebitleuclf £he npasomrithathbhawtere of feettinubtalieed
L ok L0 LURE B A6 T BTSSR AD 25 U0 00 LU, Bl
this is considered to be due to the facts that the solubility
for the above calixarene derivative of the
20 fluorine-containing solvent is not too high and moderate and
that the surface tension of the fluorine-containing solvent
ig low. That is, as for the increase of sensitivity, since
the solubility for the above calixarene derivative of the
fluorine-containing solvent is not too high and moderate,
25 it is assumed that even when the molecular weight of a polymer
(constituting a latent image portion) formed with a small
amount of exposure is low, the polymer does not dissolve in
the fluorine-containing solvent and only unexposed parts are
selectively dissolved and removed at the time of development
30 so that the latent image portion can remain while keeping
its shape. As for the prevention of pattern collapse, it
is assumed that when the fluorine-containing solvent is to
be removed from the substrate after it dissolves the above

calixarene derivative at the end of development or after



0: no section having pattern coll apse out of 16 sections A: 1 to 3
sections having pattern collapse out of 16 sections X 4 or nore
sections having pattern collapse out of 16 30 sections The eval uation
results are shown in Tables 1 and 2. 22 0000000000 OOO

070 (c) 15
rinsing, attraction force between patterns is weakened by
the surface tension of the developer existent between the
patterns due to low surface tension and that the pattern is
swollen and not deformed by contact with another pattern due
5 to moderate solubility.

Although the effect of increasing sensitivity and
preventing pattern collapse at the time of development ig
especially marked for a resist containing a calixarene
derivative(calixarenederivative:land/orz),ji:ispossible

10 to control solubility for a resist material according to the
type and amount of another solvent. Therefore, the same
effect can be obtained for a negative resist other than the
resist containing the above calixarene derivative,
especially an electron beam negative resist. Consequently,

15 the developer containing the fluorine-containing solvent is
alsouseful as a developer for negative resistsora developer
for electron beam negative resists. Examples of the resist
material used for negative resists for which the developer
containing the fluorine-containing solvent is useful include

20 compounds which are crosslinked or polymerized through
exposure (including the irradiation of an electron beam) so
that their exposed parts become insoluble in the developer,
specifically thiacalixarene derivatives,
calixresorcinarene derivatives, adamantane derivatives and

25 torquecene derivatives.

In the present invention, when handling ease is taken
into consideration, out of the fluorine-containing solvents,
a fluorine-containing solvent having a boiling point at
atmospheric pressure of 40°C or higher is preferred. When

30 a fluorine-containing solvent having a beiling point within
this range is used, the evaporation of the
fluorine-containing solvent is rare, the composition of the
developer rarely changes, and operation ease is improved more.

The upper limit of the boiling point of the
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fluorine-containing solvent is preferably 150°C when normal
operation is taken into consideration. When a mixed solvent
is used, the boiling points of the components of the solvent
preferably fall within the above range. The
fluorine-containing solvent preferably has a low coefficient
of ozone destruction.

A description is subsequently given of the
fluorine-~containing solvent. Out of fluorine-containing
solvents, the above fluorine-containing alkyl ether is
preferably a hydrofluoroalkyl ether, particularly
preferably a hydrofluoroalkyl ether represented by the
following formula (3).

Rf-O-RE’ {3)

In the above formula, Rf and Rf’ are each independently
a hydrofluoroalkyl group represented by CHpF. (a ié an
integer of 1 to 10, b is an integer of 0 to 10, ¢ is an integer
of 0 to 20, and b+c=2a+l).

Examples of the above compound include CFi;CF.CH,0CHF,,
CFyCHFCF,0CH;, CHF;CF,0CH,CF,, CFy;CH,0CF,CH,F,
CF3CF,CH,OCH,CHF 2, CFiCHFCF,0CH,CF;, CF;CHFCF,QCH,CF,CF;,
CFCHFCF;CH,0CHF,, CF3CHFCF.OCH:CHF,, CHiOCF,CF,CF.CF,,
CH30CF2CF {CF3) 5, CF3CH,0CF,CF,CF,CF;, CH3CH,OCF,CF(CF;), and
CF3CF.CF (OCH3 ) CF (CFa) 5.

In the present invention, the fluorine-containing
alcohol is preferably a hydrofluorocalcohol, particularly
preferably a hydrofluoroalkyl ether represented by the
following formula (4).

RE’fF -QH (4)

In the above formula, RE’’ is a hydrofluoroalkyl group
represented by CgH.Fr (d is an integer of 1 to 10, e is an
integer of 0 to 10, £ is an integer of 0 to 20, and e+f=2d+1).
Specific examples of the above compound include CFiCH,OH,
CF3;CF,CH;0H, CF;{CF:).CH,0H, CF;(CF,)3;CH,0H, CF;(CF,),CH,0H,
CF3 (CF,) sCH,0H, CF;3(CF;)¢CH;0H, CHF,CF,CH,0H, CHF,{CF;) 3CH,OH
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and CHF, (CFz) 5CH20H .
At least one fluorine-containing solvent selected from

the group consisting of these fluorine-containing alkyl
ethers and these fluorine-containing alcohols may be used
alone or as a mixture of two or more fluorine-containing
solvents.

Out of the above fluorine-containing solvents, a
fluorine-containing solvent having a surface tension at 25°C
of preferably 5 to 20 mN/m, more prxeferably 10 to 20 mN/m
is used. Out of these, a fluorine-containing solvent which
can dissolve the above calixarene derivative in an amount
of 0.01 to 50 ppm by weight at 23°C is particularly preferably
used.

The developer used in the present invention may be
composed of only the above fluorine-containing solvent or
a mixture of the above fluorine-containing solvent and
another known solvent as long as the effect of the
fluorine-containing solvent is not impaired. Example of the
known solvent include hydrocarbon solvents, out of which
alcohols and glycol ethers are particular preferred. When
the ratio of the hydrocarbon solvent is too high, the effect
of the above fluorine-containing solwvent may degrade.
Therefore, the mixing ratio of the hydrocarbon solvent is
preferably 30 wt% or less based on the total amount of the
developer.

In the present invention, the substrate cobtained by
the above latent image forming step or the heat treatment
step is developed by using this developer. A description

is subsequently given of this development method.

(development method)
To develop the resist f£ilm by using the developer of
the present invention, known methods may be emploved. Stated

more specifically, for example, a dipping method in which
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the substrate is immersed in a tank filled with the above
developer, & puddle methed in which the developer is placed
on the surface of the substrate and a spray method in which
the above developer is sprayed over the substrate are used.
Out of these methods, the puddle method or the spray method
is preferred so as to reduce the amount of particles which
are the cause of contaminating the resist.

Describing the development method in more detail, the
above developer having a temperature of preferably 10 to 35°C,
more preferably 15 to 30°C is applied to the substrate
obtained by the latent image forming step or the heat
treatment step and left to stand, or the developer having
the above temperature range is kept spraying over the
substrate for a predetermined time. The standing time and
the time for spraying the developer are preferably 30 seconds
to 10 minutes, more preferably 30 seconds to 5 minutes in
consideration of throughput. A pattern can be fully formed
at the above temperature range and the above time by using
a combination of the above calixarene derivative and the
above developer.

A fine resist pattern is formed by development in
accordance with the above method, using a combination of the

above calixarene derivative and the above developer.

(post-treatment)

The remaining developer can be removed from the
substrate having the resist pattern formed by the above
development with a rinsing liquid as required. Although an
organic solvent used as the rinsing liquid may be the same
or different from the above developer, it has a boiling point
at atmospheric pressure of preferably 150°C or lower, more
preferably 120°C or lower when drying ease is taken into
consideration. The above development step and this rinsing

step may be repeated 2 to 10 times alternately. After this
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rinsing step, the obtained substrate is turnedat a high speed
to drive off a chemical liquid such as the rinsing liquid
S0 as to dry the substrate. Thereafter, a pattern can be
formed on the substrate having the obtained resist pattern

ag a mask by etching, for example, dry etching the substrate.

Examples

The following examples and comparative examples are
provided to further illustrate the present invention.

The present invention is not limited by these examples.

Examples 1 to 10 and Comparative Examples 1 to 6
Calixarene derivatives having a substituent R and
mixing ratio shown in Tables 1 and 2 and propylene glycol
monomethyl ether acetate (PGMEA) were mixed together and
dissolved to ensure that the total content of the calixarene
derivatives became 2 mass%. Then, the obtained solution was
filtered with a high-density polyethylene (HDPE) membrane
filter having a pore size of 0.05 pm to prepare a resist
material. This resist material was applied to a 4-inch
silicon wafer by spin coating and baked on a hot plate at
110°C for 60 seconds to form a resist f£ilm having a thickness
of 35 nm (as solid content) (resist film forming step).
Then, a latent image of a line-and-space pattern having
a width of 200 pm for the evaluation of sensitivity and a
latent image of a line-and-space pattexrn having a width of
20 nm for the evaluation of pattern collapse were drawn on
the resist film formed on the silicon wafer by electron beam
irradiation (latent image forming step). The electron beam
irradiation was carried out with adjusting the irradiation
dose of an electron beam {amount of exposure) by using the
CAVL-9410NA electron beam drawing apparatus (of Krestek Co.,
Ltd.) at 50kV of an acceleration voltage and at 100 pA of

a beam current. Thereafter, the patterns were baked after
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exposure under the condition shown in Table 1 in Examples
3, 4, 6 and 9 (heat treatment step).

Then, each of the developers having composition shown
in Tables 1 and 2 was applied to the substrate obtained by
the above latent image forming step or the heat treatment
step at 23°C to carry out development for 60 seconds
(development step).

After development, each of the rinsing ligquids (same
as the developer in composition) shown in Tables 1 and 2 was
dropped on the substrate while the substrate was turned at
300 rpm for 30 seconds to rinse the substrate. In the end,
the rinsing liquid was dried and removed at a revolution of
2,000 rpm to form a resist pattern.

The sensitivity and pattern collapse of the resist
pattern obtained as described above were evaluated by the

following methods.

(sensitivity)

The £ilm thickness of the above line-and-space pattern
having a width of 200 pm was measured to plot the relationship
between the amount of exposure (irradiation dose) and film
thickness so as to draft a sensitivity curve. The exposure
amount (D) of the electron beam was obtained from this
sensitivity curve, and the sensitivity was evaluated based
on the following criteria from this exposure amount (D) as
an index for sensitivity.
©: exposure amount (D) is 0.0l to 0.08 mC/cm?
O: exposure amount (D) is more than 0.08 mC/cm? and 0.8 mC/cm?
or less
A: exposure amount (D) is more than 0. 8.mC/cm2 and 1.5 mC/cm?
or less
X! exposure amount (D) is more than 1.5 mC/cm?

Fig.1l shows the sensitivity curve of Example 1. This

sensitivity curve was obtained by measuring the film
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thickness of an exposed part with a £ilm thickness meter and
plotting the amount of exposure on the horizontal axis and
film thickness on the vertical axis. In Examples and
Comparative Examples, sensitivity curves were drafted
likewise to obtain the amount of exposure (D). Stated more
specifically, as shown in Fig. 1, an intersection point
between the approximate straight line (upward-sloping
straight line shown by a dotted line in the figure) of a rising
portion of the sensitivity curve and the approximate straight
line (horizontal straight line shown by a dotted line in the
figure) of a flat portion was obtained to take the amount
of exposure {(about 0.11 in Fig. 1) at that intersection point
as the amount of exposure (D). The sensitivity was evaluated
based on this amount of exposure (D) in Examples and

Comparative Examples, and the results are shown in Tables

1 and 2.

(pattern collapse)
The obtained line-and-space pattern (1 to 1) having

a width of 20 nm was observed through an electron microscope
(magnification of 300,000X). A region having a length of
270 nm and a width of 420 nm cbserved under the above condition
was divided into 16 sections (4 x 4), and the number of
sections where the width between adjacent patterns was 10
nm or less was counted as pattern collapses and evaluated
based on the following criteria.

O: no section having pattern collapse out of 16 sections
A: 1 to 3 sections having pattern collapse out of 16 sections
X: 4 or more sections having pattern collapse out of 16

sections

The evaluation results are shown in Tables 1 and 2.
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As obvious fromthe results shown in Tables 1 and 2, according to the
met hod of formng a resist pattern of the present invention, a
pattern having a good shape and free frompattern col |l apse can be
formed with a small anobunt of 5 exposurez24Effect of the Invention

As obvious from the results shown in Tables 1 and 2,
according to the method of forming a resist pattern of the
present invention, a pattern having a good shape and free
from pattern collapse can be formed with a small amount of

5 exposure.

Effect of the Invention

According to the present invention, even when a resist

containing a calixarene derivative which is a resist having
10 high etching resistance is used, a pattern can be formed at

a high resclution and a high sensitivity, and further a good

pattern can be formed without the occurrence of pattern

collapse.



According to the present invention, even when a resist containing a
cal i xarene derivative which is a resist having 10 high etching
resi stance is used, a pattern can be fornmed at a high resolution and
a high sensitivity, and further a good pattern can be formed w t hout
the occurrence of pattern collapse. 25 CLAIMS 1.A nethod of formng
a resist pattern, conprising the steps gfg: 5formng on a substrate a
resist filmconprising at |l east ' one calixarene derivative sel ected
fromthe group consisting of a calixaceReMglerivative 1 represented by
the followng fornula (1) and a calixarene derivative 2 represented
by the followng formula (2) : 20 wherein R is an al kyl group
having 1 to 1Q.car banmetlens of faovwengi A RSistapabtéopl, gouppising el
to 10 carbon atqg§§§$ j? is an integer of 1 to 3; form ng
a latent imge by ect’ively exposing part 15 of the resist filmto
a hi gh- eneggy bean1fammhngonaJﬂﬁEmgab@angSﬂheﬂiimamm@kﬁagagbyleast
bringi ng the r@gsi sty f) Qaé’éﬂ%wf @ €0 o4 @@-grﬁ tﬂ%a%%”&&&&s%kﬁ a
devel oper conta|n|ng a eas One I UoFT ne- CORt ai sol vent
sel ect ed fromeotthe grbipaxsnesiderivgtiofe 4 tepoesentecbbyathe nipldlolihg20
ether and a fl n i I q
exposed to th f%%&hlgge(r:]lce)r %ﬁa %eéz;%lq!fa%tgﬁg dretgg‘lvéfe' g??%mpéﬁéésé}ﬁ%d %ﬁthe
folloW1ng formula (2):

CHoCl

CH (1)

OR

10 wherein R is an alkyl group having 1 to 10 carbon atoms

[ chol

(2)

wherein R is an alkyl group having 1 to 10 carbon atoms and
n is an integer of 1 to 3;

forming a latent image by selectively exposing part

15 of the resist film to a high-energy beam; and

developing the latent image by bringing the resist film
having the latent image into contact with a developer
containing at least one fluorine-containing solvent selected
from the group comsisting of a fluorine-containing alkyl

20 ether and a fluorine-containing alcohol to remove parts not



2. The nethod of formng a resist pattern according to claim1,
wherein the fluorine-containing solvent has a 5boiling point at

at nospheric pressure of 40C or higher. 3. The nethod of formng a
resist pattern according to claim1 or 2, wherein the substrate

obt ai ned by the | atent i mage foffing step is subjected to a

heating step in which 1Qthe.substrate is heat at a tenperature of

80 to 130C be?}g?oégﬁiet%%jeq &dﬁgﬁ?ngf%.bea‘“ ff%ﬁ@ FEEHSE g&@@rdi ng to

any one of claims 1 to 3, wherein the irradi ati on dose of the

hi gh- energy beam a%pl ied in_15the latent inmage formng step is 0.8

nCcn® or | ek he method of forming a reslst pattefn according to
claim 1, wherein the fluorine-containing solvent has a

5 boiling point at atmosphexric pressure of 40°C or higher.

3. The method of forming a resist pattern according to
c¢laim 1 or 2, wherein the substrate obtained by the latent
image forming step is subjected to a heating step in which

i0 the substrate is heated at a temperature of 80 to 130°C

before the development step.

4. The method according to any one of claims 1 to 3, wherein
the irradiation dose of the high-energy beam applied in

15 the latent image forming step is 0.8 mC/cm® or less.



