1 DESCRI PTI ON RESI ST PATTERN FORM NG METHOD AND DEVELOPER 5 TECHNI CAL
FI ELD 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 sem conductor lintegrated circuit, or a

hi gh-energy beamresist pattern which is used 10 for mcrofabrication
related to the production of an i npi¥RCHAT@hd to a devel oper for
use in the nmethod. BACKGROUND ART In the production process of a

phot omask having a 15 pattern of an electronic circuit which is
formed froma |ight BRSIEE RATRERSY iRORMANG METHQID fiNIx tDBVEi@ARRE such
as a sem conductor integrated circuit (LSI) or a transparent
substrate, or an inprint nold which is a heat or light inprint nold
part, m c3of amdHewtdarn FXEIgarri ed out by |ithography 20 using a
photoresist. This is carried out by formng a photoresist thin film
on a silicon subst Fz’leep&esgnﬁué‘rl’t’?nﬁP8§sr§g%§€$a¥‘é hARHPDR 9T germing
bl ocking thi g fdd fetheesbnotehld Wit ¥n %plhyéé]%af&rﬁl%'fﬂ?% dy heam
such as an excinmer |aser beam X-ray or electron beamto only paFt b i
t he 25 phot oF¥shsas tthsamicbriygtay devioe mraa psmirandwttent integeated
devel opi ng it,. t aj £l st ttern_and etching the substrate by
usi ng the pa%:fﬁé?qhﬁz% Eé”['lrr%slil.gsﬂ enéjla%f %te@ﬁ‘ %Fésgp@%ﬁ?ﬁ%l"f .Ch 35 used
phot ol i tItogr &plyn i anodalyantat Soh weiliatsed Ubi ©ie QrcAURRARSEASH E¥Srint
pol ymer 30 naterial called "resist conposition” is applied to a
substrate haWPhg §°Fayer o GeNelaPsaedsed Uss e ther megdoshd prebaked
to evaporate the organic solvent so as to forma resist film Then,
the resist filmis partially irradiated with Iight, and further

unwant ed par BACKFROHNDr &BTst film 2 are dissolved and renoved by
usi ng a devel oper I pattern on_the _substrate ,
Thereafter, the |a§§r£§%"%§°%§§#;§é§e réﬁefﬁeoguBsPﬁaggﬂﬁﬁ{?i hgvinesa
resi st pattepatasra olsk edectyorichadori twwhiehchedorficattdm a 1ight
unwant ed partf %{are reErDved fromthe resist filmto conplete

m crof abr i caPTORCIRY materigl R 8, §E0EFPBAVSESE S8 VaFrea SPRbt 8Amak

and an i nprigémi@biduareat tREBgL-aEQr E@Qcﬁit“?hﬂﬂ)aBrfEeEEBHngggrﬂs

drawi ng apparatus or a |aser draw ng apparatus In nost cases.

for a sem cotithREFrt8e AN st iay neldivhigeh fisrarbeatrot he ghitl imerint
substrate, sl Lot I f, attern usi ..el ectron
beam dr awi ng %I%%?aa%ﬂ's%%@go%%%%%%gg?rgdlgﬁa?ﬂﬁe&u?'fif'ugtgy afltenography
mi ni at uePzatusinefa devotesesTher efliris 1dhedeveld BN toP! FoPOEass

using an el ectron beamresist.js 15 nqow,actively under way. This
el ectron bedME¥ et 5 tglééji }rjeii“ P8 h5¢ PGSR EHT e PEST FRanEs, I high

resol ution anthditSamsrinyidylidwk tBEsck flgPRhIRT Pi SRl LRSS feadi |y

occurs at the time of drying after devel opnent or rinsing along with
the mini at urS&QGtorVofY FrRRISMAY aahjgbcessryebepmosuthea@®an excimer

occurrence ofa Rl YeId COt1 AR5 &l S ESLISE n /BT QY 0 YPoSa oL SF9BNLC
25 photoresist thin film 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 polymer
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



to electron beanms are known, and a resist pattern is fornmed by

vari ous nethods. For exanple, there is proposed a nethod of formng a
fine pattern by formng a thin filmof a polynmer 25 of an

et hyl eni cal |y unsaturated nononer such as2pol ynet hyl nethacryl ate on
a substrate as a resist film irradiating it wth an electron beamto
form a prede®EfAifetrtmsndaenrKad By iusg o degdepmin o form a resist
| ow nol ecul Lght ke e ac rto.Jk: -262.738)
. There is g?%g@%rgglpgée ﬂ%osgg%{%gg'oﬁ?%fﬁléﬁgég’ff’ﬁ% g%??grﬁgb}ég
form ng a thpnotebmedfon tkesistbstatatre dawiong dimimngesical paatend as a

derivative as resist fil irradi ati it.wth an.electron beamto
forma predel®? 'ﬁ%dﬁ}‘%&%ﬁg@é‘?ﬁ %\Veefqzoﬁr}%&et%e %ﬁﬁ'&glﬁ'tHngf‘ﬂ§? parts
| act at e, spr ofpye epemakgaoF rapnenet kxkigther 19r £3- beniareae 3  (refer

to W2004/022513) . _ There is further proposed a nethod of formng a
fine pattermbyrPbRrRFAG2A1PRIN fil mof an el ectron beam resi st

material as a resi fid i Latl i L r
to forma predeter]?nﬁril:eﬂtf ?Ln%g%&gggﬂgdlg%vée oggfn%ggwgtoﬁlﬁggeﬂ\}m&t%% %prf&p
supercriticahclduia Katwfem tic Japardsky Retiong dXo €18@27575beam drawing

Al though a fi neafaéitlern canlbe fo&rred.accordi ng.to the nmethod of JP-A
8- 262738, si Mt RHe"BoPYndr-6Fhn E?HﬂngnPBB?thHﬁsépuP‘SF dSABREmerAs

such asipol yret hylsdfi didect vt aderias diom el hiong thesksEapned ¥Hefhe
the layer to be processed is etched deepl ybyusing this resist as a
nmask, the aspebicPRtFePIFrafe. rdyidiepdnta Fhruformatingectar geattern

i ncrease t h%&ﬂ{é el el dhiton altnh%l&‘awﬁinﬁcggﬁaﬁtgag%\éehg{}%gb%%%asatnarted

| ow nol ecul ar wei ght ketone, the i1gnitio i's | ow
expl osi on- priowf tdgpdratbermosnidburnsanibedf devicedvealnbireEorei ntise
t he resi st Lt erd al cont%#ni ng a calixarene derjvative is used

accordi ng t ot he ARTHoY 7702 25150 { HOUGHE R PR T RS IRE 1S

hi gh et ¢Bi nghdwabstiarae anden walydt hTRE s k0 g in besm Lt he 1 EUudPtreq
this 20 resist material has |ower sensitivity than other resist '
material s arfP @bt SCkigD SRSl HAICHe e Tesut vr ratdigh

there is roador:iPpfPVem®ileher, as pattern collapse readily occurs
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 film, 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 material containing a calixarene derivative as
a resist 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



For exanple, Fig. 2 of the panphlet of WZ2004/ 022513 shows exposure
characteristics (sensitivity curve) when the 25 resist material is
exposed to a 50 kV el ectron beam and devel oped with ethyl |actate or
xyl ene. According to the exposure charact®ristics, the sensitivity of

the resist used in the method of the above panphlet is about 1 to 2
(nC/ cn) and (FRESTSRIPRIPEY 08R533¢al | HiaTadencbiked prevosedmuehod

30 especi al | i | it | I ] . Hi RLLVLE
is required %g?%}ne{p gcﬁrt%?aﬁggﬁgfﬁﬂ{ ﬁér&%ﬁ'ﬁﬁg&?ﬂﬁ%ﬂé?%g&o
panphl et, theegensesigttmaoéridk asesi sésist ekples sied-yi dthiendgrithienBiim
anount of exposuyre m 2 ich ensures that the filmthickness of
a resist pat 'F’é?ﬁ 88§ %&Cﬁgar)oﬁlwg]e?@r %8e§8mpﬁeﬁfeg§5§ﬁ§§“§€u&lmatg@ eae
standar d df i Iae{ran@b(m?ﬁsm/ei ehabs Whenf k&l Bublleknessadf rauigsistrer to

bef ore devel opnent e thickness of a resist filmafter the resist
is applied af@PpRepskBatestsr ¥gui B88Y578According to the method of

Japanese Patent Nogj L.nc Lkl f1ul I W
surface tension is uggézgltz%t I’flgln'%i ﬁ%{:%%rrég%gf %gn%%%ﬁé?téﬁ%%gg %%e‘l:ﬁ%
prevent pattweenhodl bdpde-at sthe20BAp efindeythg ablemedewél apnent or

insing. Ho . ' t [ ired and_10 th
thr oughput | S-TSWEIHETGY oPBSSFHEFGoRSTSEPRET, GBATY O PRu¥BEEAYR:

DI SCLOSWRE Ghre i+ PVENE 62 | 1owr Setid1BhRf ol iat LRiECneh the Péfé@n\%o
invention to 15 provide a nethod capable of formng a pattern at a

hi gh resol utPePuRarsed iel ¢t aned steesrl vekposang Balgsragiat mea ermagk,
havi ng hi gh I S] C f 1 | St tern
W thout the SEcUrTEace BT ot ror aol T apoe STE A MabFabs nff fidlye
t he present tovecteaset thepatiteenli:agldey elFopeheas pabhee aheddyed Dpbdang
a resist pattern.even from.,a resi.sh&eﬁgosed wi.th a small amunt , of

exposure w tHO® *5¥FELs AR pELI FOB S L FRMRCAGEsIBf oW

the presgnt dmyem i @fpWbslohessssr appaseatul raast hBef ohkewi ngq .
description. 25The inventors of the present invention have conducted
i ntensive studi es NerEMEIS tH@D VRS GEf Tt Balehbvt ¢ourrinhrg ahe

above ob eCtéafﬂPaP@nét&@H‘thP\Ye USL NG 85 d g@é’f&?ﬂ%ngoatﬁﬁsénéﬁhod of
material containing a specific callxarene Yerivative which 1§ an
el ectron bedf3®&®4 5022@13 ngtiighh 30 patheny hasisganighwetbhiang

or esent 1 nua T NS BUEh S diB PErkd TR eRa Lonh HEG Pentiiied. This
That is20acesdligty idcdhitaPriesentowdy edn O i ¢ £t ENant BEhEDO¥Esist
obj ects and advantages of the present invention 5
materials and the amount of exposure must be made large.
Therefore, there is room for improvement.
For example, Fig. 2 of the pamphlet of WO2004/022513
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 (mCcm™?) which

ensures that the £film thickness of a resist pattern obtained



are attained by a nethod of formng a resist pattern, conprising the
steps of: formng on a substrate a resist filmconprising at

| east one calixarene derivative selected fromthe group consisting 5
of a calixarene derivative 1 represented vy the following forrmula (1)
and a calixarene derivative 2 represented by the follow ng fornula
(2): wher 8FRCR F§VEACRIMRIE PESEPeRa®dvg 1l too the cdebelarat dsm 10
wherein R s gi-phkyk %%@ having kibhg Jc%i%%%%%b%tf"%f AN S AL
integer of 1 to 3; ormng a latent image by sel ectively
exposi ng par fievélopaendsishe filimkess bif gh-rersdregy fhéan f e the resist

15devel opi ng.the_| atent _i e br.i nging the resist filmhaving the
| atent i rragean?Bpj:l&ﬁ aéflg\i\lgf"ﬁ%ék&gvggo glqu&@?ﬁfiii‘ni ng at |east one

f1 uori necont ai ni ngceekueny 1Lt BERE HIDPBY I HHPPEOBSE 3d NF9 o585,
fluorine-containing al kyl ether and a fluorine-containing al cohol to

renove partsSHBECJon@eartic 19wl Alydehergpabkamsarrfigne tesisdpn is
film Second,hgedtgg @%@V@ir@jcﬁi%\@}%ﬁ%\f@t ages Oiaogg?cblg ngéf&t/ent
ne e e oneé

i nvention are attal by a resist de op€r “contafni ng a
fl uori ne- compatneény col Vamse s editee tlifheont tdwey igip ef teandestilogmehtaor

fl uori ne-contai ni ng alff%"k ether_and a fluorine-containjing al coho
nt

l.
51n the preseht®ih¥e VT of Bt SBIREREYF PR HE2 Toht &F nf Fg 689 efd

havi ng aoboi thag-pebidhpht at SOSRNer Tk aHedTHd, € takr40€s05t R 9h8hohSFor
used. In the present invention, preferably, the substrate
obt ai ned by Merape¥elFatent image formng step is heated

DISCLOSURE COF 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 small 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



10 at a tenperature of 80 to 130C before the devel opnent step and

t hen devel oped with a devel oper containing the above
fluorine-containing sol vent. In the present invention
preferably, even when the irradiation dos® of the high-energy beam
applied in the 15 latent image formng step is 0.8 nC/cn2 or |less, a
resi st patterhewrthauRepablernmeshpdpoé Egrmiadady assdgEopaityetror ned.
Further, in the Pi§§ﬁﬁtth@V§EE§8nothe resi st devel oper containing at
| east one flUBITNE-TO talrning sol'vent selected fromthe group
consi sting of a flfornhegcod subshgaskky reetiberf dAmicamprising at least

fluorine-contai ni al cohol. is ef erab a ative resist L
evel oper . niohe S SrBSTs s TuBhr s Lo ted §0 e ot oo apRp kgt ing
cal i xareme defiyaédVexa2blbedabover deyel opeprobehPBAPEESERE FHYEDYIRY
i s advant ageously used to devel op a negative resist having a | atent

i mge for medf@FtRlan(t padi atqan e feriyatilye- e menpedrnimabyotle
nC/ cn2 or Ie§§11§Qﬁﬁ§IE§ §ngE LON OF THE DRAW NGS Fig. 1 shows a
sensitivity curve n e anount "of exposure (or the irradiation
dose) is plotted on the hgpféﬂnt. axis and the filmthickness of a
resist is plotted on/the erti cal \axis. 7 BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON \d | ed degcription is first given of each
step of the resist orm nginmet hod of the present invention. 5
(resist filmformng In the present invention, a resist
filmconprising a cd j vative (g)first fornmed on a
substrate by using “al containing at |east one
cal i xarene 10 deripaty ve Rl ect ed omthe group consisting of a
cal i xarene derivatyve 1 represented)by the following fornula (1) and
a calixarene derivatiye 2 represested by the followng fornula (2).
15wherein Ris an al kyl group having 1 to 10 carbon atons.

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

CHzCl

(2)

10
wherein R 1s 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



wherein Ris as defined in the above forrmula (1), and n is an integer
of 1 to 3. Adescriptionis first given of this resist material. 8
at | east one calixarene derivative selected fromthe group consisting
of a calixarene derivative 1 represented ®y the above fornula (1) and
a calixarene derivative 2 represented by the above formula (2) is
used. |n thePEGFFRAr éRFCHLAOR REEI RESALaGCe S¥hBed gy sitheeyiedwper
formula (1) e - :he L t I | Kyl
group havi ngé§ﬂt1:: %leéﬁ?gér/%%%ggﬂ)gn% ‘f%‘érgﬁéyﬁgg‘rﬁéﬁ%ﬁ yscgieVL %ﬁgg?e#ed
branched. Exampheshef girbepakkypbigtdng bifickbhudaucetimel- cghtupnieikhylkyl

group, n-pro roup, _i ropyl group, i.sobutyl group, 10 t-butyl
group and he%#?gr gt .aO%ﬁBBFRil‘ﬁéggF%%lF%nga cotRAr v preferably an
al kyl greup havi ngrd taes,[agaééﬁa #h08Rt 1 6neNRRReargBhybi Lity in
various solvents and facilitate the formation of a reSist film In

the cal i xar ehéugEingacppsagniogr 68éHeBd bpving abbedl1iBof pedmitaat?) ,
nis an inte : i.pcreageefhe._c f | or omet hyl
group which ?g&gn%h%ﬁgr gg-srg}l!ﬁe %gi %tssbi %rt ﬁgb?nl%%egﬁl gsgﬁd enhance
sensitivity, n is Imefleeghtysdnoridvemoienpretefabiyly, The substrate
calixarene derjvatives 1 and 2 can be nanufactured 20 by net hods
descri bed in° %b’éiﬁoﬁ%ﬂ%‘? aRRYEshRFeRE érf‘?‘?eTE?F‘aﬁ%ﬂr%E@P 1% egged
pp. 9971f0 884,a FQbeaand uhiz Ar2004:d 23786 pefore the J_i@@@ﬁ.?ﬁﬂ@nt step
o]

cal i xarene derivative selected fromthe group consistin
cal i xarene B¢ vehepedevepprgdnvebhby devehepaboventaining thy ahdve

t he above fofiﬁ'é?ilﬁglcgﬁilagﬁiﬂ esGal,Lxarene derivative or a mxture
a e

of two or nore calixarene rivatives. Stated nore specifically, the
cal i xar ene deri vatiwetHe riprssent advdyt ide, ghovetavhy) aetds) wingihethe
used al one, or_a m'éture of thf cal i xarene derivatives 1 and 2 30

represent ed byF T Bboy edPRF not a5PE 151 ERa oY IHaycasBPBbigdedt the
Especi ahby vihetedbeimigducbinihy Sfe@ €8l bxargogcderdvatdye id seddist
and the formability of a resist filmare taken into consideration, a
m xture of RATSRFeNelHeLy#VeeT] apHlErseprasehe ctidgntageanale
formul as (1)fo)g.r<§@_d (2) is preferably used. This m xture has a nass
ratio of the calixarene derivative 2 represented by the above formul a
(2) to the calixarfanghder, viat itbee presgeres eitezh thiort hetlab avess for nul a
(1), that is, a value obtained by dividing 5 tgﬁ mass_of the, |

cal i xarene dEIVVATRYVe PHebrashidd BT he B ot Po e P75 1BinT he
mass of 2bhe willverst enel slefeyatioe the epregendsdsbyrihe aboye fornul a
(1) (mass of the derivative of the above fornula (2)/mss of the

derivative dFlUMNSIRFEAEBIMNG FHYL Fthnefaihm i 100es oneinine
preferably s1cohol is preferably a negative resist developer, more
preferably a negative resist developer containing a
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 BRIEF DESCRIPTION OF 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 £film thickness of a resist is plotted

on the vertical axis.



100. 0005 to 1. In the follow ng description, at |east one

cal i xarene derivative selected fromthe group consisting of

cal i xarene derivatives 1 and 2 represented by the above formula (1)
and the above formula (2) maybe sinply referred to as "calixarene 15
derivative". In the present invention, the resist material for
formng a resist filmon the substrate is preferably a sol ution
prepared by gissolMhRg e ahipea e i kve in an organic
sol vent such§%§§e¥ﬁgﬁ Fggtgggﬁ %E?,bgé g§§p§ eng%g yéol nononet hyl

et her (PQVE), propkldeisgled adesmrigieidny isefhestagetrath eof] RAMBAELep of
ethyl propiopate, n-butyl .acetate or 2-heptanol. .Known additives such
AP ol B TEIE A ST il e SR S T R SR
The resist material is preferably prepared by dissolving all the 25
conmponents such as the_calixarene derivative and optional additives
in the above!®eghhtcisbnvEREMARE 8BEPbnal Iy filtering the resulting
solution with a mesbrage fidddfe iHetanhent oLoile 691hXaLe0 i sing o
derivative in the Tesist ‘material prepared as descri bed above 1S

sui tabl y detexhixedenecwudiveg i3 s fiihestdéskmed dihbckuiestsrafe blyeusing

resist filmand the type of the calixarene _derivative. For exanpl e,
it :s pr;fer%b¥?sﬁsﬁ %%ti lﬁ%sg@gg?%é%ﬂ%danf?%¥ 'héeac? é?@%eP | m on

the substrat@dridédtive seleldtdderdh enedroiy ebhisaRt it SHhs T AterHie
which a resist filmis to be forned i s not partlcularlé limted and

known subst ré@ELEVakEYR ok SePTeIentedy dilee frblewing wukst fht eand
and these s i i de,f] itride i

Thin fi1mtRoreon e pe eaa ot ve% {LheBeht flep Lo
above resi stfomteta al2] s applied to the substrate by a known net hod
such as spin coating ,and EFﬁ ed,(baked) to forma resist film
contai ni ng the above/cal fX&ene erivative. At this point, baking is
10 preferably carri ¢ t plate or the like at a tenperature

of 80 to 130C. The time ils preferably 10 seconds to 5
m nut es. Thel t NESS of jthe r §?st filmfornmed by the above
nethod is suitably ge i H.tording 0 use purpose but, 15 for

pr ef er abl y~\20 to 100 nm based on solid content.
The resi st filn1c-nt.ini951the Abdve cal i xarene derivative can be

ve nethod. A description is
subsequently given o ep-of formng 20 a pattern |atent imge
by sel etki velwheexdesimng & ke @KSt griduPp tera iy gh+energydem atoms.
(latent inmage formng ste In the present_invention, part of the
resist filmon;25 ¢hgsubs ratd obtai ned by the above resist film
formng step is se|lectively expgosed to a hj gh-energy beamso as to

forma pattern ]t 1 nmage. ~Jhe abEve hi gh- energy beamis not
if it|is g pigh source capable of formng a

particularly |
CHzJ Y CH2 (2)
4-n

| at ent i mage
OR

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



30 in the above resist filmthrough the irradiation of the energy
beam Exanples of the high-energy beaminclude el ectron beam X-ray
and i on beam The part to be exposed to the high-energy beam
is suitably determined according to a pat8ern to be forned. 11
Therefore, a known nethod may be enpl oyed as the nethod of

sel ectivel y 8kpoSffif PBet PRl HryReRA Y Wlahve Balffttead frathshreghoup
i nclude a di g AN ‘;%}gj i
hi gh- ener gy E§§ﬁ1&¥ﬁg%§ @aa%EPg% Apafc%eg?{ t‘gihtl Irrﬂglg%?gr%%b& B§ the
formed int hébOEQI E@rmulm bl el abowvkl xetdmne . ddmitatel e eseepresented

i nventi on, bstrate q@btai the abave d, t is, the
substrate on }é‘ hg VPes? u;i rﬁ%oﬁ?af’lﬁ% ﬂg Eﬁﬁv@a LERREPEne
derivati\e I&ef:@frﬁﬁﬁ!véﬁd r&p&e@tem:@ayngméedbwet e rithahl qRer ghabexy

10 so as to forma_pattern |latent inmage (maybe sinply referred to as
"substrate oBPAVASFBYIthA)at Bhe ﬁ‘#?@%étﬂ@rﬂﬁ ﬁgl%ﬁ'@palm Sivea baying
t hen devel oped I co n fi

fl uorine- contfail:&r%: %8 ggggéﬁt g&/ﬁlfngh vn\}q?‘% %iehg%esi 1%% llng et a|
her ei naf t er . bfgan¢bedh a Peanelas atf 'ahaalfid}glhgroapnmd:lmﬂé yleathytlh@rdmpp
of devel oprren% grefer ably thelsubstrate obt ai ed the &)

i mage form ng- e eF S Belt EEOPX I‘%%?uffréﬁfaﬁ’gﬁ’tpy %50 R ofﬂ'ﬁ'ﬁmp'
bef ore d@vel@pm—ﬂylagﬁlohbeandemakymegrmph ao@@V@fO@ﬁésé\hlﬁhly\n Il be
described in detail_hereinafter. A description is 20 subsequently

gi ven of th.Eaﬁ%ﬂa@u%%&ifr@mf%wbly(aibatlkﬁfﬂeaﬂrﬁéﬁth%wps 1 to 5 capbon
t he present tiQn u taj,n h I

i mge form n%@esﬁt{?%pt?segégﬁgéal%?%ﬁﬁég%gg gh ggrg}sﬁg So gtg}eﬁgrg#ﬁe i ke
at a tenper afmelbtapeetheabbymsmon @80&, rafsnstprfeﬂ.mr ably 90 to 120C

(heat treatnent st a out._thi.s heat treatne i st
pattern after deve Ig)ﬁE‘Sn‘Iya]g]a %nggFﬁéHa\ﬂltﬁ TERECSS %@H‘?ngea ove
exposur @sw tfotmeld ese | of ishgnsenségeri by of tbhe.resd sineadhfie 3%

i ncreased. For exanple, conpari sensitivity which is evaluated with
t he amount ocfoféi&fb‘*sm%a(ﬁ)hlr%fq“ﬁgdwlngmw Sihil8hone| PL prefsekink
herei nafter 45; 4% | fidexne depeoding QRatbsniNpe Qénghﬁloﬂfg' oRels. the
anount of exposure (D) when a heat treatnent s not carrred out

0.8 (nC/ cnm2)preferaxly 12opref enebt ypoederably. 8. (nC/cnR), nore
preferably 0.05 to, 0

treatment is carrl &t é&élelﬁgn%n%%ﬁv%&‘ﬁ%gsﬁpga%ﬁﬂar\é\gﬁ nl?é“’&:ilc':t%ed
0.08 (nﬁ:bcnﬂ:)y aletlesds qEefetioddyif). wmmﬁoﬂﬁsimm@asﬂmeet al
preferably 5 m)r than 0.01 and 0.06 (nC/cnP) or |ess.

reason that X Vi tYPbf the PRsi 237 50| Hit eakdd? b@/n‘éaq?y?‘ng
out this he@todzlr_elagjm_ is unknown but it is assuned as follows. That
is, a radical generated in the resist by irradiating the high-energy
beam reacts by thétldchest Onﬁeaaﬂréﬂarenemenmretihe gebsst¢akimmgn dfhe

the resist, e t he he. dev er _of the | atent
i mage porti c#m%g{ glraa/? e%sgﬁjl parC{ edjr oICi;etrlv gact] o &Y %
t he heagst r edlaTeiioviso frndivfly t(he hﬁﬂeﬁhel aBgeepOothola (HEMEDY be one

reduci ng sol u |I|%1y in the devel oper, though the 15 crosslinked state
does not ch degd vatdve Pria Rg*GHIenel |HeRE Noky e addrritsmne

becones unsgldrSiadiQfas Wher skke %EQ%”%p%El@i%ﬁli&e 'tsheS r?;%llllxae:\é%%
when the |atent inmage portion is devel oped with a devel op
cont ai ni ng deypeEitive Ll rpiererived Hinthg aduiwe ibrmwhilah( 1/\)| tnlayljese used

descri bed i N1eone

?ear or

, Oor 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)



20 detail hereinafter, the latent inage portion easily dissolves and
a reduction in the thickness of the filmat the tine of devel opnent
cannot be avoi ded. However, when the heat treatnment is carried out,
the latent inmage portion hardly dissolves2at the tinme of devel opnment
due to the above 25 nechanism_whereby the thickness of the resist
pattern fornd8daferigeheebprahlycasede MM Middane hafe asamssvaptiéo
as the th!CkBESEh@TCEE?XESEh%tdk&ﬁ%b%%%%r .4%£?éﬁgﬂ?gd o) the-g(%ve
heating time 1s suitably determned accordi ng"to teéenperaturé and the
conposi tion &ndmiilkm{ehi tknebs obltikerdfler dersvatiivem 1Feeperaspkted bi

is preferably. 10 seconds ta 5 m nutes, Jparticul arl referably, 30,
seconds to 5¥Wnﬁ%‘§etoo dg])a HerE e & V2 Pee%/]? n%cﬁ%[yh 1¥pgieg
tenper at & e tRAOAasIhEE St oAt Bt d@ﬁﬁ&qméﬁ@a&%r%eh&%daggv’éhe
met hod nay be sinply referred to as "substrate obtained by 13 the
heat treat neRPO¥EehOTHELBI haf thy the masy pft Rhepradénarpneederovatine
substrate obtai i ] S(IFH

obt ai ned by %ahtle a o%%ég{oyﬁ}gé;tgﬁg{r{tg%%@gs?g)eve opsgéfv%%a(glPE%géRse
devel oper 5 obntla miboyeafsopavilti (2 fumss e chet déningt soéwehttheTabsve
devel opnent ste il descri hed reinhel ow, (devel opnent ste I n
the present fﬂgﬁﬂwf‘orﬁ}?FhB%sﬁﬁg ?ﬁﬁgﬁé{bpasﬁgg 5 & 'tﬂlé’%&bW@fleggél]rV
i mge fargm ng.sbep €6 the heat treatnent step is brought into contact
w th a devel oper cont ai ni ng at |east one fluorine-containing solvent
sel ected from the ¥t ddpe éondpreinggdescription; mt densd pnegcal kyarene
ether and a Lpes i i 0 NoF-1 g t

15 10 the above K oo enatay Beamter The TR PRt B8, o SERRT R
t he above | adenivanbges Maadhkggastedastan &y thetdizops eamtuliany&nt axod

are that this deyel oppent step.is_carried out and that this devel oper
is used. A d@%%la' %0 O‘}F@u?‘—f‘r@t) BFoer %*mﬁ’]g%r 3\?@:‘ o @S'nt‘”a‘-ild%}’@r%)%
fl uori nescond&tivagi?e” sol vent. (devel oper) The devel oper used

in the present invention contains at |east one fluorine-containing
sol vent (may be sitpl§ROPFRIRE ctnYoNRLONf | tlee i hestohtBaheripl for

sol vent" herglnafter] i%f& eﬁiixﬁoghgéﬁgéﬁﬂgtf%éi L ?ge%r&b%& ey

fl uori ne-containing al et her an uori ne-contalrning alco
usi ng this devklopen pwdearedriegi dissohvangi nge aabalexaathgarene
derivative capable of f.ornming a pattern having high_ etchin
resi stance léjtvagtﬂ{%ﬁnr Sgo%ﬁﬁfghc iSOLYEEE S'ég}élaeﬁgsefti‘é'ﬁo%gf)%?e?%) '
can be Por mask@dyPerke GHLyERITS inondiet H\M EahhérSWBCMEW,'%'f*&pﬁieﬁéWcﬂ)
That is, depending on the type of the develo e;l, when the above
@ltg’l-‘f P

heat treat né‘i‘ﬂnc?r%ewl SahereaCatateal Ralidt a BPPEPRAEQN butyl
formed by iryadiatd pg- a-hgh=8R8" Iit6aM GG vJ4 Qse% %QM@?:&%P&“
, 0.8 cn?) or 1ess,

with a small anmount of exposure, for exanple :
preferably a2 heo @r&Eqdim@Edn2) theorespsefreatdtiad. 85 teq@ifed. The

B A R R

sati sfactory pattern can

exposures f afonargites a8 {NFialdxd et duehenabley dhd bdtd dhA8
(mC/cnR) , nore preferably nore than 0.01 (nC/cnR) and 0.06 (nC/ cnR)
or less. Whéfditives e iatPReh et ¢ ofP YRR T tard sepkienad iy of

the calix [Adilacreeﬁqfc_}oeﬁ@df,éseﬁliﬂngdgé%ﬁfsﬂ naxehvg%%?&/x%%@ﬂﬂé@. | Sthe

about 2 (mC/cnR) as described above, this anount exposure is
sur pri si ngl yogrrEnt. ofihehet¢rel Sxdusenatde witad ined ibythberd sit s matreage 1

formng step _usin resi st_containing a calixarene derivative is,

devel oped vm%t e%)tahx%sCle %gveﬁsocpe%e ARV Fs Sa@f'l&tﬁﬁgé’tﬁ%tf%rrﬁja%e ESEFIeqI

Wi t hout3phe tececher @8sered thickness of the resist film and the type of
the calixarene derivative. For example, it is preferably

0.1 to 10 mass%.

(method of forming a resist film on the substrate)



15 of pattern coll apse. Al t hough the reason that the above
effect is obtained by using the fluorine-containing solvent is not
always known, this is considered to be due to the facts that the
solubility for the above calixarene derilétive of the 20
quorine-containing solvent is not too high and noderate and that the
surface tension of RhERf| BEFPABL cORYANAL AR, sBNeeAUDESTRER. ORhAbIFD, &
as for the | pekegser Oin SN LKl EYrmahnee Adte 30l hid f 94l B8y ang
above cal i xarene derivative of the tluorine-containing sdlvent I'S ho
t oo hi gh andknodwer atbsgt?26tes bBuchssanedltiihan euvbstwher,t haamikzeglibhak
wei ght of a po r.(constituting a |latent image _portjon) .formed wth
s | et EPEREEGRTT e S St HEt 8 AV aB AL fiidSol Ve THOS
the fluomr nefcomt ak-ninagasokbuent ranel eAk¥edACKAQSBE paehs are

sel ectively dissolved and renoved at the tinme of devel opnent 30 so
that the |atent inEgetPoreTeseRnirenRl Homhi e kdepyagresisthapeer gl
for the preventi L5 pat teg s‘ifﬂét@%&ee I Al u a en_.the.
fl uori ne-cont ai g sol vent %s to be re%%bgdﬁpﬁéﬁiHﬁghéngPEQt%Sa or
it di ssol vescoheinpcwel delabeat dbeked)i vationmm &t rebdsendidh containing
devel opment or after 15 .rinsin attraction force between patferns,

i s weakened Bye (R &§355ﬁ§?gﬁréya?ﬁgedeve$% E%PP%P@ntgﬁﬁ%ﬂﬂehﬁ

the patter nspeitfetHol pVesuriageotienshon BOE bphatet Be pALLEERei 8t a
swol I en and not deforned by contact with another pattern due 5 to

noder at e sol tRIPe¥Iture of 80 Kpt hpbigh- t HEhehrading timer basrrferably
sensitivity fﬁ“&é%@ﬂ@@t$895pﬂiﬁgﬁ§39°|'apse at the tinme of

devel opnent 1s especially marke or a resist containing a calixarene
derivative (calixdtteneldarkiness wd& thandkenis?) £ilint fosmpdsisy btlee Hbdwee
control solubility .for a resis terial according to the type and
aount of _arBiH ot GuREeERerePErELhER ALY st ub P aRE Hted
for a negatifer rea&ingslof erd han hhe pesiEskapat abntsgl b henmhveed on
cal i xarene derivative, especially an el ectron beam negati ve resist.
Consequent | SO 131 RR%el oper contai ning the fluorine-contai ning
solvent is also u I . ; Q- [ V. i .

devel oper for el e?ﬁ%ﬁﬁaﬁ g%ggé %ﬁ%@f@ﬁ%&aﬁ#@ %‘%flt)ﬁ‘{eréleesi st
mat eri al useatefioratiegathvneg ésirmed drothetsulds e albyallmpebovemtegihiidng
t he quorinﬁﬁgp@&gLnin so%yeﬁb i S_Uus Eul i.ncl ud ﬁ% compoungds. whi.ch
are crossli AkET G Joyerisz & Fﬁﬂgﬁaﬁ 3&88¥8Pe°?i TR Hhdorming
i rradi agoon pfpaaneehedatamiteargges byt Ratl ddttivie 18X RAOGRIE RS thdeTB ¢
i nsoluble in the devel oper, specifically thiacalixarene derivatives,
cal i xr esor cifidferf® detHt 18RI ARARINt ane derivatives and 25

t or quecene derivati ves. In the present invention, when

handling ease is taken into consideration, out of the
f 1 uori ne- contlatimig igwgefiaymind |simmmne- cont ai ni ng sol vent having a

boi |'i [ heri f _40C hj i s pref d.
Wien 30 5 1 uori necBRCAPRERG Eor SLRLE A9 g BL bOF TG JOT L vh it oo

this rapge itheusedstiheecevpaivéd Wy ehetdisotd v@iding EQNhafsimithg step
solvent is rare, .the conposition of the devel oper rarely changes, and
oper ation edse SEd AN SHBPESATRE BpphInT PRPYIBILEHNB $ias rng’ B ErRY

of the 16 fJ ueriesCani@ijy ng3pl vent is preferably 150C when nor nal
operation is taken into consideration. Wien a m xed sol vent is used,

t he boiling poi nt §hefalkpdies durghormasrgyobeshd ssobtarar pi edbraly | ifrdltled

within the ahove range.,.T fl uorine-contai ni.jng sol.vent preferabhl
has a IOM/cégf%%cﬂgn %%9%%0ﬁ8“&§$tF&EF£gﬁ_°f Or@&nﬁéécﬁF%FFGnl ge

subsequemt | i ngt veabofret hes { & tidriilmer Eontgh Rhedi S04 £t 1 ol e energy
fluorine-containiné sol vents, the above fluorine-containing alkyl
B

ether is 10D5P8Fer BEERYPASR R BRE hdibaenar %t bran ipglude s be¢iron bean,
preferably & _hwdrehlsuaipaldodm ether represented by the follow ng

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

suitably determined according to a pattern to be formed.



1n the above fornmula, Rf and Rf' are each independently 15 a

hydr of | uoroal kyl group represented by CaHbFc (a is an integer of 1 to
10, bis aninteger of O to 10, c is an integer of 0 to 20, and
b+c=2a+1). Exanpl es of the above &dnpound incl ude
CF3CF2CH20CHF2, CE3CHFCF20CH3, CHF2CF20CH2CF3, CF3CH2OCF2CH2F, 20
CF3CF2CH2 OCHBRRS f OTR 3 CRIPERRGEHBR 300 (IPSOFCRIDER e eF3 the method of

CF3CHFCF2CH2

G BO0F2CH( ) 5 B ST RS e s Ol Ba D Sa Y, GEas afyameles of
CF3CF2CF( OCH3h€R€ERPQ. ihalubfie prédseattiyvénawdng méehod and a method
fluorine-containing.25 alcohpl s preferabl hpﬂrofl or oal cohol ,
particul arly® r%?léggb?gl]&ghggﬁobﬂg r o8Fk§Y é?ﬁ@r EBngeﬁt @Bsgy t he
fol  owi ng fornul a { $ptth'r O dnt!indde caboye foarad an ¥ regidt film

hydr of | uor oal kyl group 30 represented by CdHeFf (d is an integer of 1
to 10, e is 2N thftderesethad 18n the pragensiibyernibion, theopibspte

CracrocRon ) S DO U LI S BT Cea CEA dpay® o Aren
CFg( g:_"2:)2 (5 g:-lgﬂhe GBI 9OF Z) 16CH2 O t aGHR 2QF 2 82 &bl v EHER | CE2Y e BEHROM vi7ive
an

)5 ? |
selected fro ﬁ%rr&?douapn%o%%f%ﬁh‘é i#oélfgg%g [%ﬁ}ﬁ%%ﬁ' nf?ﬁ SO vent

ethers aod tdwse tbupsrne: geritair ngraheohmdge nﬁﬁéib%eu§§ﬂp§y%}é¥@rﬁd
as a mxture of two or nore f|uorine-containing solvents.

of the above9 [afor FHESESALS APRGIBsAVRYIte d aftiemdy megéoﬁ@vémhmgagetep”

sol vent havi f f
ot o pr ef or T TG S0 IR RiredBhedl wBER ' dprdidpef Chelliling

fluorine-corgt aﬁpﬂcﬂgfmlf/bmrmwpm‘ammlsgo$wbveﬂn‘e whbvle ehll Xaeene

derivative i mouni_of 0.01 to 50 t at 23C.is
particul arl ﬁepsrcﬁjg?eacgl ‘iee%al#ﬁ*éeﬂ% u?%’dgfrcﬁ“t ife Bo¥ at a
inventiog masdied seaipgsed ok tofhy tmﬂea@p\@&éw éteccwe@é%amy,
solvent or a_ m xture of the above fluorine-containing solvent and

anot her knowiSsaupstradse ohigined ky bheetatenttpage forming step is
{1 uor i ne- CoBcl it S Aeknte  SGher Al &8t o XA agno

sol vent include hyd(r ocar bon sol veents Lft? osf e Zoéat% c%o s and
gl ycol et her@wl@mm‘rm @mdarth;@mﬂenfeédpedh'emthh@ dere owdr tigich will
hydr ocar bon S0l 00 h e effe e bov

f1uorine- contSe'al n% SOl c%/en ‘%ﬁf“&eg? aaeelnﬁif]te?%‘f fq’e 5l§’|t>31°ﬁ’g IBati o
of the hydr ecdrdenuestiventiven pefiiablned) twdatmentesscdmsed on the
total anmount of the 25 devel oper.

(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,



1n the present invention, the substrate obtained by the above | atent
imge formng step or the heat treatnent step is devel oped by using
this devel oper. A description is subsequently given of this

devel opnent nethod. 30 (devel opment net héd) To devel op the
resist filmby using the devel oper of thg present invention, known
net hods nay Béeéﬁﬁﬁg%(dq-%@aﬁ%&-ﬁnﬁ‘é‘:é%‘éc)i £ MexE prefarabiindl @5 te 0.2
di ppi ng neth i iC a |, S 1 i t .
filled with the/g ’?J-e Sv’éﬁ%?ﬁéﬁﬁﬁﬁﬁa@én@?hﬂo%ﬂ. ng‘gﬂﬁF@ﬁﬂFhﬁQ Barriea
devel oper i soptacehe camaeurt ff feapesoiret H®)subst bat gentb & .® Awc/cm?)

met hod in which,the above devel oper.i,s spraye er,.the substrate e
Toed s our BF HHase MR FoteBEr Rt P il Mo oteRE o hE R aRLY
is preferyednspeashén veducantihe .aroynt/em?pasti t&es. which are the

cause of contam nating the resjst. Descri bi ng the devel opnent
nmet hod in nore detBi¢, redecmbblat debel speeihiviky aft Ehperasiupe o

preferably 19n{:9e§§§i§/ 1#: gﬂ?%?feiﬁ{ge&ﬁﬁ %%’so %@.attot§ggtinén§fﬁl>ehﬁg<g%a%nt B

substrat e obtal ned I mage rmng step or
treatnent step dpdismined mstfand ows. t fhadevel operaiacahggtherabedein

tenperature nge i.s kept.sprayi over the substrate for a

pr edet er mi ne{'ﬁ? iq"rﬁés.lSﬁ1g’?’s%]éﬁ%?}rgﬁgf%%ﬁhehhl%l'teﬁé’rﬁynlée?%rresap‘?ta'i/f‘)ﬁ(gthe
the develpopereat er peefeeabl Yo 3PrS608dShé OcOs §1 Mk €8g HPl€he resist,
preferably 30 seconds to 5 minutes in consideration of throughput. A

pattern can Pee¥elY i spddtbdtl itve iapbhe demereucf thegdahantt eage
above tine i é:pg@ at | L xar i vat i

and the 20 2%%%/‘!21%‘%\/% oper%g' 69%%?#€%$e %’f& 1%%(5;%@?% f%frln(g%é%ﬁs
devel opnent bn Bve dreincerav tthenhet @abovdi et thioel, Latsemy Bmagerixpovat 1 am,

of the above_calixarene derivative,and the ove deyel oper
25( post - t r eal RENT]Y reguc;ﬁn% ?%#fé]i)ﬁ?ﬁgyd%@e?ﬁ%e&e}gﬁ#@@greFr]BQthf Fbf
t he subsbr aterdwyi Ngkdd estiesd Hogratdr ehbegeed byntberrdaversslinking

devel opment with a_rinsing liquid as required. Al though an organic
sol vent usedPhdhtné2trhsi HERFF RAYE IRy e Qe SsHREA50 SACEPEYeYRRR the
fromthe aboug,day el OR8Ehodlrdass abeiil NopeLat SPREELC
pressure of preferably I%%C %r |%V\BI’, nor e pre‘?g\%%gﬂgglg%%é%g { OneY
when dryi ng el drs isaleveil npedcehth dedatviediopetheonbevoidgva | sgeintic

550D, 209, (M4 I 0 o TP L SpERL o 8o Oy L4058, gLt sh0at b
hi gh speed tdetdil enhedfe fnsficdeicied lacene Hukde asotheoni @ssngy! i quid
so as to dr ydfshseolsxruebss tarna& eal r-lc-ahd.ez.{cetajlc cEne ri’n atkPeatgl'lej.rcnkrfeasns boef the film at
the time of development cannot be avoided. However, when
the heat treatment is carried out, the latent image portion

hardly dissolves at the time of development 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 film thickness of the

30 vresist f£ilm. 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



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 pBesent invention is not
limted by these exanples. Exanples 1 to 10 and Conparative Exanples
1to 6 theaherbr Exe2gBentacters haveAgadtenbstituent R and

m xi ng rati o showngin n ro e .
nononet hyl et her a%%t%ggb#%%i@€ g%%"é&%g?@a ?%ée?ﬁ%gl:%%ggd%}ggg 1\}88 Pg
ensure that the ifatehtcomentfiofmine dadp xar ¢he debsvatiteesbbedasd By
mass% Then, _{ he_.obt ai.ne olution was filtered with a high-densit

pol yet hyl enet%ﬁﬁﬁvw%aﬁgeﬁ e ﬁ§9pnjgs é{ep‘fﬁ]é:’%?c}é”&fh 8. 8§V‘}3b'r?¥6r
prepare & resbsta2Ri tQrispéci'fh'!bsfﬂ.ﬁéir&henﬁbﬁtiaihi)ﬁ%s selpkhed tenas
4-inch silicon wafer spin coating and baked on a hot plate at 110C
for 60 second@Ve&CPBe asgéﬁi yilij bt Hasrngbadt heeranbslow .35 nm (as
solid content) (resist filmformng step) . Then, a latent imge of a
| i ne-and- space pattern having 25 a width of 200 pmfor the eval uation
of sensitivi {geantopméat estephage of a |ine-and-space pattern having
a wdth of 20 nmfor the eval uaéion of‘%\gattern col | apse were drawn on

the resist filmfortedOPTHERS I1REHWEIRr Bye F Pt it pedprained by

irradi atioon ghatehbve NBgeehor hélge SEE&Ming THeap! @610 BeAMN BBaatment
irradiation was carried out with adjusting the irradiation dose of an
el ectron beafhfRAGUREOHINEX pBEAr ‘é?néﬁcﬁﬁﬂd'd’l #haeralpres1 oNat aleing oxt

beam dr awi ng; r S s Lt a
accel eration vo ta%rééja%%j&%]{ﬁ&(goé%it%n%n%egﬁ%ﬁﬁe%%.&gq‘ﬁé(rjeg ?rgri,:h?he
patterns wergrdaketbs isting 0o xpokluer inetaron e rwimmgli 4 1oyl sbicver iand

Table 1 in Ex les, 3, 4, 6 and 9 eat freatnent step). Then
each of the %e Lfoﬁé}és"%%ﬁwmp%};?@?%# ShRF e ‘ﬁfg‘lz%% Ot REKEOSRR
appl i edito tthe ubsdRie bRl aesh-dy Bedheopbove +ai gt #MBPed Ydrig
step or the heat.  treatnment step at 23C to carry out devel opnent for

60 seconds (XRAVPFER:2RPEP)Latent imageror Theviagnfhe cadaersopt tie
rinsing li q'(j}!ﬂ—:sse(rﬁfi% k% g%%eélﬁa?@rt ik ﬁ%%ﬂ%kﬁegﬁ% ﬁggg\l’j‘gsé ![c{r};tartreied

Tables 1 and 2 was 10 dropped on the substrate
was turned amut3e0drphatorh3) desedigert dsrussd. t Redsabstipaten 1a fihest

0 1 T 1 ST e R 20 i
patternzgol lsasemf. the resist 15 pattern obtained as descri bed above
were eval uated by the foll ow ng nmethods. (sensitivity)
{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 alcohol. 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 pattern 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



‘The filmthickness of the above |ine-and-space pattern 20 having a

wi dth of 200 pm was neasured to plot the relationship between the
amount of exposure (irradiation dose) and filmthickness so as to
draft a sensitivity curve. The exposure adount (D) of the electron
beam was obtained fromthis sensitivity curve, and the sensitivity

was eval uat eBSbaBeB8l25t8AN heamoWi 6l Ag SBRldepM@URtoRLt BRDOSKFEs ufer
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nC/ cn2 and 1'.:5 cnﬁ or |less,X. exposure Ermg;nt E)Dg{ is nmore than 1.5
nC/ cn Fi g. 1-5RoWESERet8eR&F LGt Vb ur P SBF 1BEREPEY 1 PAFHFLR can be
sensitivigy edrvedwasewhiiaiadsiyl Measatbigt tde ehidodurdl Ehirckpaasof
an exposed part with a _film_thickness neter and plotting the gnount

of exposure Bn0® WSR2 oP¥ AieSxi BTaRETRPLE ¢ hOE ke sOBNn(MGYecier t hene

axis. In Ex q:gggéa Y/ 2y S Il T\ ane
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speci fi cal | yWhews ishdwntiakehi intd,carsiddeasbot itdrmtpaihet sertietnithect
approximate straight ljne (u rd- sl opi.n trairght |jine _shown by a
dottoed |ine PRt %’fl_;‘{ﬂraeﬁé%ﬁo%%‘?iirﬁ%f%r ?ﬁ&ﬁﬁg’ﬁeﬁh@gﬁ%‘?%wg%?ﬂ?’
curve and thes apps@xi paiecpindi ¢ ddsdiised MdZontal i Sttt d# ne
shown by a dotted line in the figure) of a flat portion was obtained
to take the WRRFHLDLSeXPERTIBLLEbDFMS0.111 FheRite sybgtraphgiobtained

i ntersecti on,pqiyd %&tﬁ'ﬂ'{%én ; e % T sit Vit y.
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Conpar at i ve &xeaplxsyenndetoratesod t s atevashnyed iwi thalilss Heard der,
(pattern col] apse) .The obtained |ine-and-space pattern (1 to 1

havi ng 20 a?‘/\,is(%t%ﬁsdc‘fa%qnﬂpﬁ/g 66858?92%6 FFS?FB'\?& éFi%BPEC{IF%rPCC rrence
m croscope (dmgrutiteat i @ nips®0, 000X) . A region having a | ength of
270 nm and a wi dth _of 420 nm observed under the above condition was
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20 fluorine-containing solvent is not too high and moderate and

that the surface tension of the fluorine-containing solvent
is 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
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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
to moderate solubility.

Although the effect of increasing sensitivity and
preventing pattern collapse at the time of development is
especially marked for a resist containing a calixarene
derivative (calixarene derivative 1 and/or 2), it is possible
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 contalning the above calixarene derivative,
especially an electron beam negative resist. Consequently,
the developer containing the fluorine-containing solvent is
alsouseful as a developer for negative resists or a 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
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
torquecene derivatives.

In the present invention, when handling ease is taken
into consideration, ocut of the fluorine-containing solvents,
a fluorine-containing solvent having a boiling point at
atmospheric pressure of 40°C or higher is preferred. When
a fluorine-containing solvent having a boiling 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 1limit 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. oOut of fluorine-containing
solvents, the above fluorine-containing alkyl ether is
preferably a hydrofluorocalkyl ether, particularly
preferably a hydrofluorcalkyl ether represented by the
following formula (3).

RE-O-RE’ (3)

In the above formula, Rf and Rf’ are each independently
a hydrofluoroalkyl group represented by CHyF. (a is 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 CFiCF,CH,OCHF,,
CF;CHFCF,0CH;, CHF,CF,OCH,CF,, CF3CH,OCF,CH,F,
CF;CF,CH,OCH,CHF,, CFiCHFCF,0CH,CF3, CF3;CHFCF,0CH,CFLCF.,
CF,CHFCF,CH,0CHF,, CF3CHFCF,0CH,CHF,;, CH3;OCF,CF,CF,CF,,
CH3;0CF,CF (CF3) 2, CF3CH,0CF,CF,CF,CF;, CH;CH,OCF,CF(CF;). and
CF3CF,CF (OCH3) CF (CF3) 5.

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

RE’ ! -QH (4)

In the above formula, RE’’ is a hydrofluorcalkyl group
represented by CqHcFr (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 CF3CH,OH,
CF,;CF,CH,0H, CF;(CF;),CH;0H, CFs(CF,)3;CH,0H, CF,(CF,).,CH,0H,
CF; (CF2) sCH,0H, CF3(CF;)¢CH,OH, CHF,CF,CH,0H, CHF,(CF,) 3CH,OH



‘CAF20C2H5 (95 mass) isopropyl alcohol (5 mass %9 CA4F20C2H5 (100
mass% 1 Lc*FO9OC2H5 (100 mass% CAF2002H5(95 nass)
C3F6(0OCH2) CF(CF2) 2(5 'mass% C2FsCH2COH(100 nass% CAF20CH2(95 nass%)

i sopropyl

al cohol (5 mass |) CAF90C2H5 195 nmass% CHF2CF2CH20H (5
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At least one fluorine-containing solvent selected from
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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 preferably 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 solvent 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 obtained 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 film by using the developer of
the present invention, known methods may be employed. 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, a puddle method 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 liguid 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 turned at a high speed
to drive off a chemical liguid such as the rinsing liquid
80 as to dry the substrate. Thereafter, a pattern can be
formed on the substrate having the obtained resist pattern

as 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 ocbtained solution was
filtered with a high-density polyethylene (HDPE) membrane
tfilter 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 £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 um for the evaluation of sensitivity and a
latent image of a line-and-space pattern 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-2410NA electron beam drawing apparatus (of Krestek Co.,
Ltd.) at S50kV 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 liquids {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 ym 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 0.01 to 0.08 mC/cm?
Q: 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.l 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 observed 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 con the following criteria.
(O: no section having pattern collapse out of 16 sections
A: 1to 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
nethod of formng a resist pattern of the present invention, a
pattern having a good shape and free froBépattern coll apse can be
formed with a small anmount of 5 exposure. Effect of the Invention
According to the pPEs@PYiews o ihevEatudich shiawesiist Tebdes i agda2,

cal i xarene dggj I W4 i i St WA 1 [ i
resi stance isétééﬁ? g %§t€%$Haﬁgﬁ&ﬁzhngﬁggjggaagﬁgé%grgégpﬁggoﬁfaE €
a high sensipresemt andefitibheraapgbbdrpabbeingcangbedfshapd shdlhduee
the Occurrenfreorﬁ)fpggwt:nteglrlncgfialtggesedan 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 resolution and a high sensitivity, and further a good

pattern can be formed without the occurrence of pattern

collapse.



25 CLAIM5 1. A nethod of forming a resist pattern, conprising the
steps of : 5formng on a substrate a resist filmconprising at | east
one calixarene derivative selected fromthe group consisting of a

cal i xarene derivative 1 represented by tf#® following formula (1) and
a calixarene derivative 2 represented by the follow ng fornula (2)
10wherein R is an al kyl group having l.géﬁﬂ% carbon atons wher ei n
R is an al kyl group having 1 to 10 carbon atons and n is an integer

of 1to 3 formng a latent image by sel ectively
exposi ng part-15 oﬂ-mhéhﬁés®§tf¢rmimg(ﬁexdﬂkﬁt.gﬂﬁmgyrbeammpaﬂdlng the
devel opi ng the=% :§ Lmage by bringing the resist filmhaving the

| atent image in oﬁ?act with a devel oper containing at |east one
quorlne{ﬁontalnlngosmhmgnhlaeﬁﬁﬁﬁﬁﬂuﬁiﬁﬁhkh%tgfﬂuﬂc@ﬁ@%b%&h@gupieést
fl uori ne-contai ni al kyl 20 ether and a fluorine-containing al cohol
to renove paPt§ lx%%?%&ﬁ%%éHaFéVFh%e%¢%%e@ﬁ%%ﬁytbééﬁﬁﬁﬂJﬁﬁ@siétiag

film 2. Th@fngt@Q@lQErEHE”H@91§a5§§ESE QQEEQEQn Eﬂetgogh§?ghg

1, wherein the fluorine-containing solvent has a ng poin
at nospheri c peewslipe(bf a4BCaorahixgwerne Blerﬂvatrmwadreprémmmbar the

resist patte 0 I L1 or 2, wherein the substrate
obt ai ned by %ﬁlfﬁ%g %t@gﬁéﬁégf 'ng step is subjected to a heating

step in which CH,Cl

CH (D

OR

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

CH,Cl

(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 consisting of a fluorine-containing alkyl

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



10t he substrate is heated at a tenperature of 80 to 130C before the

‘devel opnent step. 4. The nmethod according to any one of clains 1 to
3, wherein the irradiation dose of the high-energy beamapplied in
15the latent image formng step is 0.8 cn2 or less. 5. A resist

devel oper which conpris at .l east one fluorine-containing solvent

sel ect ed froﬁ??ﬂ@egf58p%§8nbﬁgﬁfﬁﬁe59ya FRToPitn %éoﬁFéﬁﬁFn§léFkyl

et her and a 20fl uorine-containing alcohol. 6. The devel oper according
to claimb5, wherein the resist to be devel oped by the devel oper is a
negative resPst. 2Bhe maehadvefopermiRgor dreglies pRAFaTS, agherdingt he
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devel oper according ?gpany one 2% clalns %()éﬁ ﬂlé@n%ﬁ%§§?53%%ﬁt%

devel op & negatdoiel s ipstintautngtmospheni c 3rawgeraiuicha 0i°s tor iegher .
with a high-energy beamirradiati on dose of 0.8 nC/cn2 or |ess.

3. The method of forming a resist pattern according to

claim 1 or 2, wherein the substrate obtained by the latent

image forming step is subjected to a heating step in which

10 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.

5. A resist developer which comprises at least one
fluorine-containing solvent selected from the group
consisting of a fluorine-containing alkyl ether and a

20 fluorine-containing alcohol.

6. The developer according to claim 5, wherein the resist

to be developed by the developer is a negative resist.

25 7. The developer according to claim 6, wherein the

negative resist is composed of a calixarene derivative.

8. The developer according to any one of claims 5 to 7
which is used to develop a negative resist having a latent
30 image which is formed with a high-energy beam irradiation

dose of 0.8 mC/cm® or less.



