DESCRIPTION PATTERN FORMING METHOD, AND RESIST COMPOSITION, DEVELOPER AND
RINSING SOLUTION USED IN THE PATTERN FORMING METHOD TECHNICAL FIELD The
present invention relates to a pattern forming method for use in the process of producing a
semiconductor such as IC, in the production of a circuit board for liquid crystal, thermal head and the
like, and in the lithography process of other pileto=Rpplications; a resist composition for use in the
pattern forming method; a developer for negative tone development used in the pattern forming
method; and a rinsing solution for negative tone development used in the pattern forming method.

More specifitdilE e prddeibiaetition Pelates ToREpaHe i CovifipglFeho @ sliiablePMoR exidsure with
an ArF exposure apRaratessisingadeht seusoxthatemits faruttiauirloilightat anvaielength of 300

nm or less or with an immersion-type projection exposure apparatus; a resist composition for use in
the pattern forming method; a developer for negative tone development used in the pattern forming
method; aR@HNHs#kig Kidliifion for negative tone development used in the pattern forming method.
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Along with-neipjatirization of asemicAnqustor sevios, dheterisdesaming shorter e wayelength of the

exposure light source and hijgher the numerical aperture (higher NA) of the projection lens, and an

exposurdTREEhIAe ARG R KPR R R SBFRAGI N LR REN Y 0P I h ARSI RPREEER has
been so fairgevdigigeduAs chahmuaithy farelil knowir! thgsesfeatusesleagtibeferasaast hysthe fellawing

formulae, (RespiiBR HKIBNA (PeRitaldora.T k20 AP WhsteIniah In B wavelengiof the
exposure light source,%}\}le s the numerical aperture of the projection lens, and ki anof e2are
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liquid (hereihaticesomaitivies refaried thasaatiarersiosvigithietuermtg:preiRstiongns.and the

sample has been conventionally advocated as a technique for raising the resolution.  As for the
et 0(?

"effect ofrrilmmer'sion", assuming that NAO=sin0, the above-described resolution and depth of focus in
the immersion can be expressed by the following formulae: (Resolution) = 0(4/n)/NAO (Depth of focus)
= -k20(4mNNACZ: whrein A 1is the wavelength of exposure light in air, n is the refractive index of the

immersion liquid based on ajr, and 0 is the convergence half-angle of beam.
a gmce the a?dvent of a resist %or %(?E excimer ias%r (248 nm), an image forming

method called chemical amplification is used as an image forming method for a resist so as to

compensate for sensitivity reduction caused by light absorption. For example, the image

forming method by positive tone chemical amplification is an image forming method of

decomposing an acid generator in the exposed area upon exposure to produce an acid,

converting an alkali-insoluble group into an alkali-soluble group by using the generated acid

as a reaction catalyst in the baking after exposure (PEB: Post Exposure Bake), and removing
- the exposed area by alkali development.

Along with miniaturization of a semiconductor device, there is becoming shorter the
wavelength of the exposure light source and higher the numerical aperture (higher NA) of the
projection lens, and an exposure machine using an ArF excimer laser having a2 wavelength of
193 nm as a light source has been so far developed. As commonly well known, these
features can be expressed by the following formulae:

(Resolution) = kye(A/NA)

(Depth of focus) = +k,ed/NA?

wherein A is the wavelength of the exposure light source, NA is the numerical aperture of the



That is, the effect of immersion is equal to use of an exposure wavelength of 1/n. In other words, in the
case of a projection optical system with the same NA, the depth of focus can be made n times larger
by the immersion. This is effective for all pattern profiles and can be combined with the
super-resolution technology under study at present, such as phase-shift method and modified

illuminatipijeaibotkns, andlauble, expostriciestinelogy s tdgublespatterning technology is being
advocated as a't cgg_i

for more .enhanging t solutipn., This is to make small Ic, in the
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pattern in2; sjgenebienfdimes sagenibanthe-patig ienseddoformdgrgduced and transferred on

an exposure target sgﬁ%yas yyiger by using a reduction projection exposure apparatus. ‘However,
the dimensional MnistufZatich Bingls BHOGHABrot s iHAE iH i tOnVERto s ekpssitessatdm,
lights irradiated onaadjdeeht ddttennsrnterfere adthreashietbeplss gdecrseake hgcoptigabaantrast.

The_refore, in SUCQ{E%BE{EQJQQ}L,QE 4%6”%%2@%0'[0 divide the exposure mask design i‘nto two or more
designs and synthesize an image by i e}oende tly exposing these masks. In this double exposure

system where thé%%%%@%@sﬁ Bdiided, the image of the design must be again
synthesizgietairanexpasdiressacgetidaier:anstheraareitheidivisianpf thevmask degign srugibe
devised SO g\%t itglnelf%tltghg on theagietggn:]g gan be gaithfullé/ re%rlr% ucetﬂ]o% he exposure target.

Studies o%napplsylng hE eHE o thEedYoubie expoélsvl?trg é%fs “t0%hetr 3Rt of a fine image pattern
of a semiconductbhadéside: siéeirited duoestsior xamples isPafem GpoamentteldPef-2006:156422 (the
term "JP i asussed Hepeinmeans ounexaulines Ryblished Japanase Rarent 2RI Nus

Also, the rec n%[])r gress of double exz%os_ure technology.is reported, for example, in Non-Patent

Documefith P& BIR PREB 5L E8D8Y S0 5 NI P atet bELGHRSHS [SHE PROIETB 19T 15¢2004)),
and Non<Ratent®obmeentit (B8 HHlerae 6158k« (RORE) . under Hade veprindhesadoubithexposure
systems, hg patiern fosmation m&%&%&%&%%d in the vicinity of resolution limit of the resist and

this incurs a problem that sufficient exposure margin or depth of focus cannot be obtained. In
other words, if a et TGRS Erdss BeE diedorbleRaimpnmimarH e Dotupsg: advocated

(JP-A-2081 21090 54)w h@ ena ke sif £RMPASHIoRERMEINING Ri£8SiRcCaRablenellingraasing thsveolarity
upon ex%ocss.grr%g%h%%gﬁ on a s| b%rl%% ?Sd thet.resigtrfilm iS egu[t)osc_ed and devt%%ﬁe? to dissolve the
exposed area with an a kali deve oper, or a attern or“rlﬁi%éeﬁ? CAYL GESEE R, é’x%‘h}lple, in Patent
Document 3 (JP-A-2008:76014) piliere dvesisooonpasititiricontaidngea resin eapableoidncreasing
the molegelasavgightKRRN@XNONRIE SoalsHOBrusIPs Rk anddbedasishiinis Sxpesat and

developefd to dissojve H-ue nexposed area with an alkali developer, is ap%plied to a double exposure
process, 1 Suftict&rts High é§%ﬁﬁ5ﬁ£ﬂ%ﬁﬁa%%%n@f%&3 SHtRimsdvater Ryitsings pedcir tha
deveIOpQ?Tﬁéccg'}dimexj}dim¢Iﬁpﬁaﬁtﬁ_sEB or EU_V Iithogrgphy, an aqueous alkali developer of 2.38
mass% TMAH (tejramethylammenim hvdroxide) s eing Ltﬁ%?%é‘t 958&?% ?%o%ﬁﬁp%%lf%rpt%%e

developer. Other than the above-described developer, for example, Patent Document 4

(JP-A206 P FBHAH]] FEDOiBEs Ve lbpit fordiaieioinginreaistatiarsyidredhiainivy eeebsdmer of a
styrene-haskdmenomesmndiarbacnd-basaeraioromnesandicissoldng thesexpased pogicrewhere the
developer,gantaing an aliRnasc nedr.etherbased solvens ot aromatic etherbaged spivent and a
ketone-based .solventkhaw a carbon NUMBer Of 5-or more>Patent Document y(j 81 -227174)
describeS@erive|diset foptisvel dpitisaledist pramsty cxpablevdfaedhsasingstire motbcltaraweight as a
result of @fﬁ@l@@%@tﬁﬁ%@@b@f@H@W%g@gﬁt@ﬂtﬁ/&mz@ﬁiﬁ{iQﬁl thereby disselving.the,axposed
portion, where the developer has at least two or more acetic 3cid roups, ketone groups, ether groups
or phenﬁﬁfsﬁa% RS RSIE e SiPELIHEL G HRErE N PR PBERAB B el ACE 94847)

describeb@fd@/@%pm_ﬁmddewlmpﬁlg eresistriagetial mainly composed of a photosensitive
polyhydroxy etheg(egin BP%ggﬁn%ytﬁQeem?tm}@sg A, s&t@%gé@%ﬁ@ W@ { é?ﬂ%’t‘%&dé’% a

(meth)acrylate, where the developer is an aromatic compound having a carbon number of 6 to 12 or a
mixed s {EGREAIRTEB0 PhadsopBICRILIE BF afcaiemmatic dBIFHBIGRE hiting analt ol nB/®Rr of 6 to
12. Bewever, these soptbinatiensofthe kesist tompositignandihe dexaloper mestignagabove
merely pro%ilriiéan(ea %syaen?sgf 1;1 o iggE : (P?E{ll%%[.) by combining a specific resist composition with a

a V

high-polz?rlllty a veloper or a geveloper’containing a low-polarity organic solvent. That is, as

shown in Fig. 1, iiltite tbageshhpogitve wrewystexp(suco tabimationy of acegisticbmpasitiolr.and a
positive topg-dgvalopsElA-MalqHalsYsies of performingytie Ratterm darmation oy selestivelyc
dissolving and removing a region having strong light irradiation intensity out of an optical aerial image
(light intensity distribution) is merely provided. On the other hand, as for the combination of a negative
tone system (a resist composition and a negative tape developer), a material system of performing the
pattern formation by selectively dissolving and remaoving a region having a weak light irradiation
intensity is merely provided. The term "positive tone developer" as used herein indicates a

developer that selectively dissolves and removes the exposed area not lower than a predetermined
thrachold vvaliie chown hy a2 enlid line in Ein 1 and the "nanaativve tone develoner” indicateace 2 devvelonear



Patent Document 7 (JP-A-2000-199953) describes a double development technology as the double
patterning technology for improving the resolution. In this case, an image forming method by chemical
amplification in general is utilized, and by making use of a property that the polarity of a resin in a
resist composition when exposed becomes a high polarity in a region irradiated with a high light

intensity apT7bespmes@iowRPIBkYR T esiendiadiates with & lpve gt intensity, positive tone
development is pﬁrformed lé% %igsolvin high exposure region of the resist film with a high-polarity
developer, while REGAIVE téhd HaGefOpRENTIR B oAy diRs g™ formaiisssaredediorivith a
low-polarityigevetbper ore spacificatytheore fioi neft thweeshaman expdsuiesdosefiBg imk&ig. 2 is

dissolved,ysing,an. pumalkal SUUHN 2508 Bgagb%%éogﬁ?degfloper, the region not higher than

: : 3 111 !
an exposure dose of El is dissolved using a specific organic solvent as the negative tone developer,

and, as shown inRigetHEYEsioH WithakiFre diermiegp oEerest odsqebeth Iy isxilonled o fsreain

without beingsiexelpper avbeebyansuiSyaaitern 3 with-arniichhall thapitch-of the;exposuie grask 2
pattern iﬁr[ormed 0[21% Wﬁfer 4. Patent Document 1: Patent Qocument 2: Patent Document 3: Patent

Document 4: Patgnt Docimant B P EBt Dot S OB &SP BB Ahits: Mot AR AT SHRRtkent 1
Non-Pat&ff Distaloesit 2o desplz00s- 256422 JPeA-ROD 12009184 JB-APONI:76Qh8ern forming

JIP-A-200502457 31sdR0Ad2006 32 kA4, %ﬁ-éa@eﬁﬁﬁ%&ﬁ&é—?({@@:&%ﬁﬁ@P&%% %7%31?98
(2005) SPIE Prac 5377, 1315 (2004) Non-Patent Document 3: SHE Proc 61531k-1 (2006)
DISCLOSURIE BT HE VBN T IOR PRIBEEME SRR & 1l IRVENHORIS TEPSORESUre it the

conyenti@n@eqcublewém@m@nmmm@m a tepdaty hgiodp s @mployeigsasaniacigigearposable
pup In thesLasipgomtaed;indbe (gsistcomppsiianaad berelare. e feain s nsuficientiio,bing out a

polarity change large enough to cause a difference in ISS n ¢ cteristics by a Mic

amplificalfSAYEALHEH SR aawtR e aigsssure. Furthermore, since a resin having a styrene
skeleton is used wsifhecrpsin ip thedesisiRMPOSTIR, ithadARFNAKF I QWIaXROStHSFSFiIgN.of the

resist fil om igh_and this sapr the deyelopment rate at the development
using aTIa %%&L}% %I)ﬁn% g\‘,’gqg er ?s% ?O'W a%%%%%%@%%ﬁ%%ﬁﬁ@%‘éﬁ%@%‘%%ﬁé?% B deWsioper is
bad.  UAgf bjeeseitht et Prudatioddsavrvlve these problems and provide a pattern forming
method for stablyierningrahighserecisionfine paltespaarticuasiy By reducing ibeline %d@r?f&ygh”ess

and raisi imensional uniformity of the pattern so as to produce a highly integrated electronic
device W% mngrgp?r];eeids%ﬁrwg pet ?ﬁragﬁVg%ﬂé’&, W?é?%q?ﬁ%@}i&éﬂél%&&ﬁ%ﬂmﬁf
methqd, eomRyyising bioam izmgla?niesi smﬁlanlayla:zppk;d od) ma&sﬁhcaﬁpﬁsﬁﬁd_}ﬁn@hﬁﬁﬁms@ﬂ '@wﬂq@{
negativejgpe. dgvelopar sontainingsam A9 SalYERt desIsases %9&&%@%&%&“%Qél%?ﬂé‘%éﬁ“C ray or

radiation and which contains a resin having: an alicyclic hydrocarbon structure; and a dispeérsity of less

than or e§U4Tb3RY 2P RRRREAvRIEYE FRSBEIFAMIBREBI 1658 50T SreaguBniensd00mas™ being

capable GFintreastnga Pelaritysbyitan actitnvabperacid; expasingdhe resist filpicand deyaloping the

resist MMALELIRE HARSIAMINER A NSRS BRAOREL ME DT R RaE b el iion
with radiation, thereby dissolving the exposed portion, where the developer has at least two or
more acetic acid groups, ketone groups, ether groups or phenyl groups and has a molecular
weight of 150 or more; and Patent Document 6 (JP-A-6-194847) describes a developer for
developing a resist material mainly composed of a photosensitive polyhydroxy ether resin
obtained by the reaction of a polyhydroxy ether resin with a diglycidyl (meth)acryiate, where
the developer is an aromatic compound having a carbon number of 6 to 12 or a mixed solvent
containing 50 mass% or more of an aromatic compound having a carbon number of 6 to 12.

However, these combinations of the resist composition and the developer mentioned

above merely provide a system of forming a pattern by combining a specific resist
composition with a high-polarity alkali developer or a developer containing a low-polarity
organic solvent,

That 1s, as shown in Fig. 1, in the case of a positive tone system (a combination of a

resist composition and a positive tone developer), a material system of performing the pattern



The present invention has the following constructions, and the object of the present invention can be
attained by these constructions. (1) A pattern forming method, comprising: (i) a step of applying a
resist composition whose solubility in a positive tone developer increases and solubility in a negative
tone developer decreases upon irradiation with an actinic ray or radiation and which contains a resin

having afoatieyelic bydieaiben stivielvianadp dispeisity-0fLibomiess andoeing Lanalle ffon

increasing.a pqlarity of.the resin by an action gf an acid; . i) .an exposure step; and (iy) a
developr}igéﬁ?gs{cigp? LL}J{SIOI‘%gaIéO té(éat}i\%l}l%émoaé?eﬁd %étr.ln&?%\%gfg@% ing ﬁ?‘gfﬁﬁgp,rggﬁé%sin s ()
a step oftapphitighaneésist soriposiidrinahoseelubitityvn wpositivertoperdeveloperasiceases and
solubility-jn,aNeqBH¥eiELR S8y elopaL AeCEeasas HRRRTAGANRR Wth ANAGHNIG FRY,ralion ard which

contains a resin having an alicyclic hydrocarbon structure an% a weight average mo?/ecular_, weight of
6,000 or 1E8 YREGEMEFEAPAMIE SERIISENNG & PRty hediadnn By s e abmetcanpaeidded. (i) an
exposure step; alitde(ivpandépelapraentstefusiog: e’ negative toesdevalidpass (3) A-patipsn fasming

method, ISing;: i) lyi resist. compasition whaose solubility in itive tone
develo pe%?%%@ggisgqumésr? évg% I?J?bcﬁ%gllr? %&r?g 5%%}3%3% rciféaéf eavré%%‘rye etc‘rae%lgL &r%%cﬁlrﬁ}éﬁa%%% an

actinic rafAieraknEabRYah SOWhIEACBTiInS A PESTRE N AR 57 aneydticelgio cadiont estrudenedore
dispersitynef {cT=eriiess @Rchaweight Avasage molagwaravgightef 6i0A0: anlesmanddeing.sarable of
increasin ggolgr{%of'th%r s\;n by an tasction of an a%isdlﬁ (i) an exposure step; and (iv) a .
developméfit step asiig & h ael}i\))ér?gﬂe SR BIEeT, POST g o p B RT T R G rAARSH 4eBFding to
any one &fy{dipton(@)t dboveliwbereior(pd) thesdevelopmentstép singanegaliventbad delegloper is a
step perlgimaciising A-gaveloRsicaniaining 2t lemstone oakaisalvet sRipriad Tosmeraralc
solvents and having a vapor pressure of 5 kPa or less at 20C.

referred to as a negative tone development step).

Patent Document 7 (JP-A-2000-199953) describes a double development technology

as the double patterning technology for improving the resolution. In this case, an image

forming method by chemical amplification in general is utilized, and by making use of a

property that the polarity of a resin in a resist composition when exposed becomes a high

polarity in a region irradiated with a high light intensity and becomes a low polarity in a

region irradiated with a Jow light intensity, positive tone development is performed by

dissolving a high exposure region of the resist film with a high-polarity developer, while

negative tone development is performed by dissolving a low exposure region with a low-

polarity developer. More specifically, the region not lower than an exposure dose of E2 in

Fig. 2 is dissolved using an aqueous alkali solution as the positive tone developer, the region

not higher than an exposure dose of E1 is dissolved using a specific organic solvent as the

negative tone developer, and, as shown in Fig. 2, the region with a medium exposure dose (E2

to E1) is allowed to remam without being developed, whereby an 1/S pattern 3 with a pitch

half the pitch of the exposure mask 2 pattern is formed on a wafer 4.

Patent Document 1: JP-A-2006-156422
Patent Document 2: JP-A-2001-109154
Patent Document 3: JP-A-2003-76019
Patent Document 4: JP-A-2001-215731
Patent Document 5: JP-A-2006-227174
Patent Document 6: JP-A-6-164847
Patent Document 7: JP-A-2000-199953

Non-Patent Document 1: SPIE Proc 5754, 1508 (20053)
Nen-Patent Document 2:  SPIE Proc 5377, 1315 {2004)



(5) The pattern forming method as described in any one of (1) to (4) above, which further comprises:
(vi) a washing step using a rinsingsolution containing an-organic solvent. " (6) The pattern forming -
method as descrit&@ﬁ%@?ﬁ@@?%@@% Aresirfyl 83kkb126GGIaining an organic solvent is a
rinsing solution having a vapor pressure of 0.1 kPa or more at 20C. (7) The pattern forming
method aﬁﬁﬁe@@%{(ﬁy e of (1).to (6), which further comprises: (i) a development step
using a p oﬁgﬁ %’)ﬁ omposition for negative tone development. comprising:

(al) a resﬁmhﬁm AbEydl T Hyondsar AN SWUE e AT a/dispersity of 1.7 or less and being capable

e S I GO RTVRS B

or nega IV

solvent. (9) A resist composmon

an alicycl#® sRingE i g oS e
i@ﬁix&&ﬁi@ 5 By eﬁaef%e%@emg Q&@Q{%%?é%otﬁeand ©

capable ahingraasiiasy

asolvenr?%ﬁ A.,reS| om osition for negatl etone development comprlsm

having a E%}% LHY A EPeTH G et el anpciptvdightberarposstiecular
weight of 6.000 oFiEﬁ‘mmmi‘@amga:ap’akm hﬁvhgwm@ RRidetiyndt thedesinty e atian: obas acid;

(B) a photg:asidiasRERMUGIBAL: in the low exposure region of the resist film becomes high and this
‘causes a problem that the development rate at the development using a negative tone

5 developer is low and the developability when using a negative tone'deveioper is bad.
An object of the present invention is o solve these problems and provide a patiern
forming methed for stably forming a high-precision fine pattern particularly by reducing the
line edge roughncss and raising the dunensmnal umfomty of the pattem 50 as to produce a
: J__hlghly m‘tegrated elec‘immc devme With high premsmn

SUMMARY _
In a first aspect, there is provided a pattern forming method, comprising: forming

a resist film by applying a resist composition whose solubility in a negative tone
developcr containing an organic solvent decreases upon irradiation with an acﬁnic ray or

B radiation and which contains a resin having: an alicyc.li'c hydrocarbon structure; and a
| dispersity of less than or equal to 1.7, -or‘a weight average molecular weight of less than

| or equal to 6,000, and being capable of increasing a polarity by an a,ction of an acid;
exposing the resist film; and developing the resist ﬁhn after the exposing with the

negatwe tone developer

MEANS FOR SOLVING THE PROBLEMS

The present invention has the following constructions, and the object of the present
invention can be attained by these constructions.

(1) Avpattern fonﬁing method, comprising:

(i) a step of applying a resist composition whose solubility in a positive tone
developer increases and solubility in a negative tone developer decreases upen_ irradiation
with an actinic ray or radiation and which contains a resin having an alicyclic hydrocarbon
structure and a dispérsity of 1.7 or less and being capable of increasing a polarity of the resin
by an action of an acid;

(ii) an exposure step; and

(iv) a development step using a negative tone developer.



(C) a solvent. (11) A resist composition for multiple development. comprising: (al) a resin having
an alicyclic hydrocarbon structure and a dispersity of 1.7 or less and being capable of increasing a
polarity of the resin by an action of an acid: (B) a photo-acid generator: and (C) a solvent. (12) A resist
composition for multiple development, comprising: (a2) a resin having an alicyclic hydrocarbon
structure and a weight average molecular weight of 6,000 or less and being capable of increasing a
polarity of the resin by an action of an acid; (B) a photo-acid generator; and (C) a solvent. (13) A resist
composition for nwtipl development, compriging: . i1(1a3) a resin having an alicyclic hydrocarbon
structure, a dispe¥sity Raegp %@%@%‘? hg%ﬁegpsgegmolecular weight of 6,000 or less and being
capable of increaging aeplasityzpplinege sinvesisincantisrsitioan wtde (B)abphiotoacidigsiisratmand (C)

8 SOVt yelofhihA L Vg R eeloRmMEAL ISt i344508d0 T AesiStiat
composilgh R %ﬁ'@ﬁ%ﬁ‘% g%gﬁﬁ).b%%%ﬁhe developprising ﬂ%’%znrg nic Solvent
and havifi @ vaigsitisie 38y erordiRtigr Ak s Alopprontains @ 55K YN <813t

developr@ﬁﬂbiqﬁ@s Alseeldnither-patierduisioning raelizhd désadb@dhin ass/ ank bt} ﬁagﬁél}ﬁ): afove,

the rinsing solution comprising an organic solvent and having a vapor pressure of 0.1 kPa or more at
20C. ADVANTAE 6&%‘%‘1%@%&?%%% an ac 83:300?%%93% he presentinvention, a method of stably

fonning a high-prét)siorefimspattéen;witd reduced line edge roughness and high dimensional
uniformity, a resi%@%%iﬂg&é@@ SegiliEl R davelapmeatapulivle development used in the
method, a developer for negative tone development used in the-method, and a rinsing solution for
negative tone development used in the method can be provided.

5a



BRIEF DESCRIPTION OF THE DRAWING Fig. 1 is a schematic view showing the relationship
among positive tone development. negative tone development and exposure dose. Fig. 2isa
schematic view showing the pattern forming method using positive tone development and negative
tone development in combination. Fig. 3 is a schematic view showing the relationship among

positive tone devalppmentHegaive.lPpe HsyelopmeRiand exposure dose. Fig. 4 is a graph

showing the relationship between exposure dose and residual film curve when a positive tone

developer or a nEgativEddrt RRRIBPRrisTEESH. cOMPYSIGon i&vBasensattitViel shawmigthdone
relationstipdopengd:pesitve iadesdevgliopiieat noggativadoneaideNsieprientand expastradase

Fig. 6 asehamaficien showina e relanship amana Rositve tene deyeiopmen), Negatius tone
development an exposu¥e dose'in the method of the present invéntion. ig.c7 is a schematic
view showing e tefationshipsdnoner gositie terecasielopraghinplegativerossidel6lopfenteand

exposur%ﬂpggﬂgiga&iﬁeaoyiﬁwrm@qjm@rﬁp%@%w@ﬂﬁiwgﬁt&wip&%%iaptical image. Fig.
9 is a schematic view showing the rﬁ?ggonship among positive tone development, threshold value (a)
and light intensity g, T89S S5 &Briffic view showing the spatial intensity distribution of an optical

image. Fig. 1) is deschematic siipwshgwingp therretatiohshijp@mong negative tone development,

ihreshold value (1) anghigh piEnsis AESTMORE FQR GARRYING, OUT THE INYENTION The best

mode for.car%iiqng out the present invention is described below. _Incidenta I)y In the present
inventiori WheR AP EBmEHBYBY IS d&ISHEE WRRE L SHeaRing Whetiemstibstttledsie 2
unsubstitigteds ae groumingludes ot group havingne-sehstitient and:dgionRMNaiRg R substituent.
For exanan]Ie an "alk%[ géﬁ%ql'('}jnclupess E{{%t(}‘?&')/ an alkyl group having no substituent (unsubstituted

alkyl group)a%%%%ﬁgsg an allcy g%)ﬁp aving a substituent (substituted alkyl group).

(5) The pattern forming method as described in any one of (1) to (4) above, which
further comprises:

{vi) a washing step using a rinsing solution containing an organic solvent,

(6) The pattern forming method as described in (5) above, wherein the rinsing
solution containing an organic solvent is a rinsing solution having a vapor pressure of 0.1 kPa
or more at 20°C.

{(7) The pattern forming method as described in any one of (1) to (6), which further
comprises:

' (1ii) a development step using a positive tone developer.

(8) A resist composition for negative tone development, comprising:

{(al) a resin having an alicyclic hydrocarbon structure and a dispersity of 1.7 or less
and being capable of increasing a polarity of the resin by an action of an acid;

(B) a photo-acid generator; and

(C) a solvent.

{9) A resist composition for negative tone development, comprising:

{a2) a resin having an alicyclic hydrocarbon structure and a weight average
molecular weight of 6,000 or less and being capable of increasing a polarity of the resin by an
action of an acid;

{B) a photo-acid generator; and

(C) a solvent.

(10) A resist composition for negative tone development, comprising:

(a3) a resin having an alicyciic hydrocarbon structure, a dispersity of 1.7 or less and a
weight average molecular weight of 6,000 or less and being capable of increasing a polarity of

the resin by an action of an acid;



First, the tern-is used in the context of the present invention are described. The pattern forming system
includes a positive tone system and a negative tone system and in either system, a change in the
solubility of a resist film in a developer due to a chemical reaction triggered by light irradiation is
utilized. A system where the light-irradiated part dissolves in a developer is called a positive tone
system, and a sygg@@wg@;@gfapggggm@w@@ted part dissolves in a developer is called a negative
tone system. The devel eer used here includes two types of developers, that is, a positive tone
developer and a {ﬂ@b%ﬁ& Bhe developer. The positive tone developer is a developer that selectively
dissolves and rerfidvesAhesexposgasrea ot towepibdme predetercomed dhreshold value shown in
Fig. 1. and the n \Y pat is.a lectively dissolves. and.removes an
exposed area nol Rhes ot e T B e
positive fBEPGEVRIGPP IR dnstFEs esitRiatHecd dhe rssimdnt Bawitamderateided to as a positive tone
development stepj)anshatsleveiopmentstepdising a negative tone developer is called a negative tone
development (so timels,re{erred to as a negative tone development step). The present invention
provides, as a temﬁqaoe\f%r} raising the resolution, a new pattern forming method by a combination of a
developer (negativétorferdsiveioparyfbrosdiectivélipdissolvingrand. remgving:the exposed area not
higher than a pregletermingg tmwgl%ﬁa&%%s(mca%%%%ﬁ'gsn?u&w}@ 3Agsist %%‘igﬂ?%%&r&%f y
an aci

negative tone development, which contains a resin that increases the polarity by the action o

and formEXHHAVREEESBIUbITY f &£ PodiVeeIBRE AR dDer EErafR Ay ARtdik il BBy Mcreases
and solubilityrimBanegédive tone developer (preferably an organic developer) decreases upon
irradiation with aﬂﬁcatigh%{@%aar %@ﬂ?& and The present invention provides, as a technique for
raising the resolution, a new pattern forming method preferably by a combination of a developer
(positive tone de(/@D(ﬁpECP§VF6Fselectively dissolving and removing the exposed area not lower than a

predetermined threshold xaluec(agnstiaderaiopap(naeativeiens, develergi.for selectively dissolving

and removing thr?]a?j%%seed rea n%tnhigherlthgndaapre eterminted t'hre%shold .\/alug (h), with a resist
composition for MUltipI& dBvelopmant. Which forme A it Wheea Sof BifRSTH Y Posifive {6iettdeloper
(preferabipighicakatipde vetbiveluineredsed afdGoflbiitgnd havegatpetond tevalsperapréferatly an
organic GryeleReR) daciaanestuRonRigradiation with an actinic ray or radiation. That is, as shown
in Fig. 3, when a pattern element on an exposure mask is projected on a wafer by light irradiation, the
region having a ﬁd’ﬁﬁ?ﬂ“ﬁ?%ﬁ%ﬁﬁﬂ&%ﬂy (the exposed area not lower than a predetermined
threshold value (&)) s dhissalved and removed using a positive tone developer and the region having a

weak light irradiafiop) intengity. (the exposed area nothigher (AN 4 Prefgiermined threshold value (b))

is dissolved and remaved using a negative tone developer, whereby a pattern with resolution as high
as 2 timé@%ﬁé@&&%&f&%@b@t&apgﬁé&i@)i%Qjéh?&ﬂ%té@%@%ﬁ%%ﬁ@ﬁp&iawg@@m@. Also,
in the metiiochohithEhpréseatinuanienuRe design of the axposare mask need not be divided. As
regards the resist.comppsition for multiple development when performing those twp.or more
development opeﬁlat onéjé}ntﬂreibs%)mmﬁ |1r{r31t§,ra]{}1 ?’é%tlg?%}oor%%\gsei %ﬁ%@r‘eﬁ%\g |\9§ o8 el\ilqe%%l%aenr?tm may be
used as fPRNINg MyHeaprmbRskiniag proceds hete staryor priuticing thsPrasentinventiop an
comprisess e ENVERGLSIERSTing 2 viD @ SIEROcoAING @ SUPSIEReWill-@ resist composition whose
solubility in a negative tone developer decreases upon irradiation with an actinic ray or radiation,

(i) an exposure step, and (iv) a step of developing the resist film with a negative tone developer. The
pattern férninggMietiidd OF thE préséntNmlention preferably further comprises (vi) a step of washing the
resist film with a isigisplufian icuaaaiveriane deyaiRpinent.FeRalial [oing melhadipline

present invention preferably further comprises (iii) a step of developing the Tesist filrn a positive

tone deVvtbEr. With TReuSEHeHifofRfTy FRBERBASST B3 pregBnfifaismbrensiam onprists (v) a

heating stepmaftérdhef@xpaguressiep: (i veloprrithepatienpliomsingomethocofdhe presastinyention,

the expo i y/ far lurality of,times. n the pattern forming methad of the

present %%{égr%ﬁ %hp t%% rﬁgﬁ%%%eps%é%(r\%&r%a%f géé%er oer(éné% a %Iﬁ?ﬁl‘%ﬁ%f ffrpnga(;%. FRSIg 5 ohion for
negative tone development used in the method can be provided.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a schematic view showing the relationship among positive tone development,

negative tone development and exposure dose.



In practicing the present invention, (a) a resist composition whose solubility in a negative tone
developer decreases upon irradiation with an actinic ray or radiation and which contains a resin having
an alicyclic hydrocarbon structure and a dispersity (molecular weight distribution, Mw/Mn) of 1.7 or
less and/or a weight average molecular weight of 6,000 or less and being capable of increasing the

polarity by the actign of;ap agid-and (k3 Neaalye iR0e Aryrlonsh Rreictably anorgasls deyglopen)

are necessar}/. In practicing the present invention, (c) a rinsing Solution for negative tone
developriektPpretbraB IRt (are developmesidBtismptRatisiesent invention, (d) a positive tone
developer (preferaply amalkatdeielopentswielferabiyifushaigsatbng polidhe Bresertioygntion, a
pattern foremg@% g{gcgagvgé%n%twgalgndi OfS%?g@!ngrs’ that is, a positive tone developer and a
negativel%o%e eve?oper, |s%reqf1érreéi. TS case: the order of developments is not particularly limited,
but it is preferredfi pérfotngidebelbpriast thy ediipaspositivertomecdovelopdoer andegativetdria
developer,afierfifst £xpaswe.anddbenperferm negative Q1 Pasitivs, ione deyelopment by using a

developer different from that in the first development. After the negative tone develogjment, the resist
film is preferably’ Washéd St A G 4ritcS B EH - B HEARIRG S 5 LBl RASHITST RRg A6VE esREnt,
developmegdiive torEhiepattemeformihgrgystemdogludes a positive tone system and a negative tone
system and in either system, a.change.inghe. ility-of. a resist film in a developer.due to a chemical
reaction triggered By light irradiation Is utiI%ed%‘#%%agéggﬁ?%%%faénrﬂ#%%?gﬁg}% etf%ﬁ“é%?ﬁrengnﬁart
dissolvedsEHHBRIEHEY PN AORHRPE HNEOEy Steie mifdhadpdtdmmngrers theshightunirradiated

part dissolves iniddevielopgids saded-anagative tone:-RYRIEM, heResiHYRIieneesisiutiizes @
chemical reactio sucilil ashg)olarit c%nversion fgr enhancing the solubility in a developer, and the

. neganve wone Ve me NG eXBOSUre dose. . . .
negative t6rie resist utilizes bon orma}f%n Between molecules, such as crosslinking reaction or
polymerization reld&tidns a vievgiiseving duvertol mtesisfdisiC irkiexciiher taser(248gwm), an image
forming method galled; chemisakamplification isdisedasamimags-fosming:mathad for.a fesiatso as to

compens te%gqr ensitivity reduction caused by'ﬁght absorption. For example, the image forming
method t&%’ﬁ fii/ %é%ﬁ@firb%&?{afﬁfﬁﬁﬁgéﬂon is an image forming method of decomposing an acid

generator in the &pobedsareaiupoatiexpiesushdogendraipaneadidesnveitnganoalkdliainsglikie group
into an alkalizsoluble group by using the generated acid as a reaction catalyst in the baking after
exposure (PEB: Post Exposure Bake), and removing the exposed area by alkali development. In
the present inveritién, BnepasitiiBaBRE e disttotptsitoriia) Kiasiarshiposmvagonegusist fona
positive igneldevelnpeairaiic ikl thasametie;ladisasiaynegative tone resist for a negative tone
developer. In the present invention, an alkali developer (aqueous) can be used as the positive
tone developer, and an organic developer containing an organic solvent can be used as the negative

tone devBidperMODEASR. fha RESIST e obilioh: (8 18EavTEsiN composition that forms a film capable

of increasing the pelasity as @ rasull.el mehemisabeastionHIgered ML expasHLs,tp irradiation”, In
conventionally erPrpl%yeg }nggativ?étone image-forming systems, a material system utiIi,ziné; a
mechanism of inAlSALE e MolBEURAF TialgHY SRR &R/ By e BRI BltviaEHFhdieCEseand
decreasingttiosisehebifitnin whishetopersiasdben propbsecittowiyerdthaadiedss diffibult fanthe
image forgiiig: meChanisiHiiAng:A oapos e maleHak gl e3iaRlsh A YRl gl gllowing

one resist material system to act as a positive tone resist for one developerand act as a regative tone
resist for BABHHETGEBIS 8 A1ky ! S0 Re BERR ROiRNBHIYAN B R GSH BERITESHI (@) oMy duses a
decreaselaithesqluaiityin subegalkve tonstitevel eper gueds)a polarity conversion reaction of the
polymer side chain_hutalsp. bri t.hoth an increase of the solubility in an alkali developer and a
decrease of the ?o;lfl%)ltlcllt?é iﬁegé%quégacrgg%é%%%&?%aﬂlcu %r@r%sférfﬁgeggggﬁé%i |8S§ﬁ%r€f1%alﬁggction
(the poldfitifeanirsraing FEsetiv A HHESpOIPATER SideTh aliFjeiR thedsarnegdthe: tone fytivenpredent
inventionsithe: maten ok impedangeris tootontiel the sthrashelthvalug” Rf. expRSUE.0058 (the,axposure
dose for solut_biliz%n. grégsgluggi%gn%t e {ilm bg/ %.gevg)lo%%]r in the Ii%ht-irra la gglregion). The
"threshold ValL8" TEfa iRt eXB oLt HES & TOr EdIubilizing tHe Y By Jg iR adhtedRiioper
and the diasédvamiexpoburdcgesd fordhisdlabilizity theofitmspytenmegadive tpsierdewbloperisoliasto
obtain a desired:ine width atihedime AfRerfymingpattern fopmation,, Ihethres %%%%ﬁe%” be
or

determined&s follows. That is, the "threshold value" is thé maximum éxposure dose _
solubilizitRf thEfifrPGy 4 SRRV RENE ETETdHRT aribahis- R elePS St EctRass foinsergBilizsing the
film by atnegativeltqre. dellelopesisocaste chiaitvacdasiteddingopidthhat thedimenf peEorming.pattern

formatlopeme}ves the exposed area not lower than & predetermined threshold value shown in Fig. 1,



More strictly, the threshold value is defined as follows. The residual film ratio of the resist film to
the exposure dose is measured and at this time, as shown in Fig. 4, the minimum exposure dose
giving a residual film ratio of 0% for the positive tone developer is designated as a threshold value (a)
and the minimum exposure dose giving a residual film ratio of 100% for the negative tone developer is

dhesignat@eﬂaﬂé@ H@@M'?ﬁ%‘(f@ﬁp% i Qr @xaple. %ﬁ@%‘&&iifbﬁigdﬁsdh@ﬁg&?@@!fo%ﬁl%{? of
t € exposure Se 10r SO 1jzIng,the flim ap Sitive ton V per IS se to be higher than the
M= e s A A e e A e i
can be astigyvedbsitonetexpdsuetopperatisticd hatisitias shiowieir Bgméyafteratiesistisecoated on a
wafer angl expased, EBE@Q%@B&Q&A?‘&%)EhQ{H"fg‘ﬁélﬂéﬁs’ﬂ?x%itVQl%%eu@}ié’fatH@g%Qg%ﬁg HOR8\5.

dissolved with a positive tone developer and then, the r\reémon not highér than the threshold ‘\’Eﬁe (b) of
the exposUié dB<eT8RAOIvEE Iitly ARTBEHIVETSHE R TRIBHEY, WHErR By fattE IS EAbIWESAbe
performeg:py. one exposure operation. In this case, as for the order of the development with a positive

tone developer aﬁq the de%e%%ggn%nt with acpegative to devel either, devel ent may be

e tone er,.
performed earlier. Kf_tgi;eﬁ%ee nega |vgz%o%ré“§‘e38é_loa6rrfentawﬁ%%etﬁ%?ré%%flﬁlr%?s W%(%ﬁg%nWi?hng Tinsing
solution BatieainigaiorgaieSovent caiBhinslicnessfal patedandorthagaiveaivhe detise) for The
method fééﬂ&@ﬁffé@"iEig_;ébﬁfi@fge§H@_'%¥§&i~&%§lcﬁh@l%%§o@é@t@ga0ﬁ169“&'{FHE}Q #he maigralelated;

In

paramete}grjsqgtp resist composition (a) and the developer or.controlling.the parameters related to the

process. *FEShK fgfii‘f\ee Z}?ét ial FeERed hardmeter” tBnfrol B UafCTO PHY St i Vakfd T8 mtiiito

solubilitydef thepresist edmpasitionn@} irethe thevelopesant ¢he brganiy sbiveotiosuchaasaSiE watlie

(solubility parameien) arckL gk yaluesis.efiegtive- shealicpamplesabing aﬁ“@fm}e&é@&%@ for the
)

polymer contained in the resist composition (a), the average molecular weight, the molecu eight
dispersit} i H@SHoABM &P UEHL Soh dt FaRIE! i ol ARty 8P FRoMBRETRHe FROREIMEF SER|(fPRE) the
polymer idergiandbe aeditioioftol malettitarqdditviaang for the developer, include the

concentration of dgycloner the agifon,afJaw melecular addiiv and the addition,of suriaciant
Also, specific examplgs o%e process-re ated parameter incitde the filrformation emberarllture, the

film formpaigHnifeEnine reeHt atgferably tine eppbstdieatiadeaicbusssnpsitivretoamprseiane at
developmgnictbaidevelapprmdime) theRezzesysiepadudele methadkefinayeloping @pRAAUS, and

the rinsi thod aft . A dingly, f taini d pattern in th t
forming TGS e 0L RS eI SERENt B e R FahEe F ARG RN hiple
developrreemtisinthaegativeltora devdighmehtand pulstive tonk thesblogmeleinbeomblinationstit is
important 40, 6OMRIRGIh & AROYE HSSE Rt MAIRIIAtRIated Mtameler SARG RLPEESS RalRDglgLs while

appropriately controlling these parameters. The pattern forming_process using two kinds of

developtey HARTEIVPE {68 e ¥k Rl A BEPRTTY AMEGEY e he tbVAIBB el Maf B BrdeRss
where thécexposuieistpatfrmedrgace dsdbsetibddabore opmheraithdexposuie ispafesmed two or
more timﬁgi%gg_e following process. That is, development using a positive tone developer or a
negative tone developer is performed after first exposure, and negative or positive tone development

using a developellitfsra@stshonntHaE g thevfitst ad\Riopnsin papeifarnssEosRE Hedo fdPexisesdre. A
pattern fepming.anethedigomprsiig. d,oMmeFegion havifeSERFIGOMING arsLhsibataniitiia regist
conpesien el EVEPRBEN MEre SOUPIND Apeic e chickpy e e,
first expowsiurg stepsifig Yartisidvebiivy stapth@ideestop ofideveiopiiglibbt resididhca positive tthe
developes{i:2ie.3eL ABH B ROSHIS SiERe(42)A SRAOMARRANNGLRIERL AN dissolved and removed
using a negative tone developer, whereby a pattern with resolution as high as 2 times the
frequency of the optical spatial image (light intensity distribution) can be obtained. Also, in
the method of the present invention, the design of the exposure mask need not be divided.
As regards the resist composition for multiple development when performing those
two or more development operations at the same time, a resist composition for negative tone
development may be used as it is.
The pattern forming process necessary for practicing the present invention comprises

the following steps:



(iv)a step of developing the resist film with a negative tone developer. A pattern forming method
comprising, in order: (i)a step of coating a substrate with a resist composition for multiple development,
whose solubility in a positive tone developer increases and solubility in a negative tone developer
decreases upon irradiation with an actinic ray or radiation, (ii-l)a first exposure step, (v-1) a first

heating step, (iv)g)step ofdexelanipgiithe s esistfiln with 2 neaativeiong daveloRerdililasecand
exposure step, SVZ‘Q a segon féeatlrajg stelg), a?r%%ém a step of developing the resist film W|_th a positive
tone devgﬁ%gﬁ torie Al ORFHESHESS P 190 I RRI RSN RVBI S5 AR resist

composition desdribed latercaodecusgd.avdhen exposure is performed two or more times, this is

advantageous in that the,, Igtitude of coptro! @f.the. thre Q}Wﬁ\{%lﬂ in.the development after first
exposure and coﬁ?@l of t%e tt%}:es_hold \/Balu% inetheidevgﬁ)pment agﬁé{rﬁgee}:%%dggﬁ\é%@ Ure increases.

In the case of perBfmifii R expEsuRe s SriniRterirey iRecssenner ekpydur&abse sopimsiarably set

to be larget)tharhe firstiexpasuresdoseBagauseasshowinbitegait the sesondfevelopment, the
threshold value i%geter ined based on Eh% alp%mt to which the ,historg of gﬁt r%ﬁ second exposure
he 1884} G0 O aﬁl

doses are added, and’ W en the slg%orﬁ%t exposyreeo%rseéaf%tslf}ﬁ%itéﬂ?lypf %Eaf 1 firS RS Sure
dose, thdigifeciar shedirstopipotirecsiostliv redyearbsitiddispenttivegjapmithe case, can be neglected.

The exposure dosgdEa:kindiemzl) inthe step %ﬁ@g{é@éﬁ{n&v&ﬁtwﬁt pPOSUIe &B{g&@b&x

5
[m.l/cm2] or more smaller than the exposure dose (Eo2 [mJ/cm2]) in the step of performing t)heaé second
exposurd RS ERBTHERRABIEF HEP St exposure can be made to less affect the process of
performing pattein fbenpatiom byrthansecahddeapdsupeesent itnethdoaade: ekpesfeeniag temxpbsure two

times, ths&%ﬂs&%‘gﬂm@ isegf limited to positive tone development, and development using a

negative tone developer may be performed first. _
In the pattern forming method of the present invention, the heating step (v) may be

performed a plurality of times.

In practicing the present invention, (a) a resist composition whose solubility in a
negative tone developer decreases upon irradiation with an actinic ray or radiation and which
contains a resin having an alicyclic hydrocarbon structure and a dispersity (molecular weight
distribution, Mw/Mn) of 1.7 or less and/or a weight average molecular weight of 6,000 or less
and being capable of increasing the polarity by the action of an acid, and (b) a negative tone
developer (preferably an organic developer) are necessary.

In practicing the present invention, (¢) a rinsing solution for negative tone
development is preferably further used.

In practicing the present invention, (d) a positive tone developer (preferably an alkali
developer) is preferably further used.

In the present invention, a pattern forming process using two kinds of developers,
that 15, a positive tone developer and a negative tone developer, is preferred. In this case, the
order of developments is not particularly limited, but it is preferred to perform development
by using a positive tone developer or a negative tone developer after first exposure and then
perform negative or positive tone development by using a developer different from that in the
first development.  After the negative tone development, the resist film is preferably washed
with an organic solvent-containing rinsing solution for negative tone development.

The pattern forming system includes a positive tone system and a negative tone
system and in either system, a change in the solubility of a resist film in a developer due to a
chemical reaction triggered by light irradiation is utilized. In general, a system where the
light-irradiated part dissolves in a developer is called a positive tone system, and a system

where the light-unirradiated part dissolves in a developer is calied a negative tone system.

10



For changing the first exposure dose and the second exposure dose, a method of adjusting the
above-described various parameters related to the material and process is effective. In particular,
control of the temperature in the first heating step and the temperature in the second heating step is
effective. That is, in order to make the first exposure dose to be smaller than the second exposure

dose, it iggHfeetiie oSt the demmerating intbe fitsthsatingsien ing Iouer-than the lemperature in

the seco%?l heating. step. The threshold value (a) in the positive tone development Is determined
as follows’fh i 2l lithSGPEHIRFpraRadhe negafwtPEE HpbYetibras 8srd domptSnoRrmIseRe

solubilityiméepdsitj vedone devdlnpepineraasesand solubility inreatggative tone developer decreases
upon irradiation ng]] gnﬂ?&ctcjl 1‘9 y or radiation.is ed.on a substrate, and the resist film is. exposed
through a photomasi:( havin‘g:d aeé%es?i?e% lb%é%?é_rg"éég’ %?le é%xg%%i?aésglil!@ﬁ%ngw N %%n%‘?ﬁ%_ﬁsg}i\‘?iﬁ% time,
the expo8ifides sabrsteisaral ariid eREaIsIEEFe AR ST BT0INE stepwdfdrtheceiposuraaose in

0.5 [mJ/cmR)siens for sARRIINE RXPREUE cHheLe st film: isheatad At ardesiashiamngratiig for a
desired titme and thei]&d eloﬁpeduwith an akkali .dev%%%ir in a desired concentration for a_desired time.
I

After the JEVeISOMEN. theMik&Ith BPth&TsEHEh ACHIED GsifRy BIHESENTANG thsBRpd¥ure

dose A [Mfempdsaed focasdesitivatior forthing adesired:linepaidtx peeudeter minedaB ulbsegidkently,
the intensiy-distibuoniofien.enlice! Inageben UieAbaveesedaed prolpmasicis, Ladipled; with a

specific exposure dose A [mJ/cm2] and a specific focus position is calCulated. ation can be
performetf AsiRf 4o RIfHINS rerifih svepsys 0T vt by K Bajc bendisstariag
calculatiohemetheelare degeiibddda ShpseA:. Mack, Inside PROLITH, Chapter 2, "Aerial Image
Formation”, FINL, chnalogies, In¢ As a.result of calculation, for.example, the spatial intensity
distribution showﬁigl%ig%%’?éﬁgg&fggf ima eo?égggté?ﬁg&GSI& “He é’,séisors‘h SWATH Flg® 9t fight
intensity W08 Fo&it&T afosiecdpatidepeisinenardshifiesiseyns Mot thessobtainegapatieendinesigiifih from
the minimuwpyaluadndiRsaiial intensity distribution of an optical image becomes the threshold value
(a). The threshold value (b) in the negatjve tone ci'{e)er\)/elo ment is determined as follows. in the
actual Iithograph?/%p%% dgsent 1%1@%}%%&%6%%%8 (g?v:f S i‘:%‘t’ﬁﬁ‘éét?&ﬁ \ﬁﬁé@@%&hﬁiﬁt?qﬂ%"ﬁositive
tone devilopeieivdreasesnd nah Solgmilitydisy el megativaidimesday elgpeardedreas e penuised diatinn with
an actinig Rk rRdlaion:jsfarmed on a substrate, and the resist film is exposed through a photomask
having a desiredrgll?ﬁttern size under desired illumination conditions. At this time, the exposure is

performed by varyirig:tH EPISHERGEILhB)08 ImStEpomre LB Basirava &imearpbleem2)
steps.  incrfienthdeppbsivesthecesistfirhimtieatechai endagieddamperrisie foriadrsiiad time and
then developed wj ' nLip.a desir centration for a desired time, After the
development,_th\(la}ﬂ’l{i}r%éjlg}’vig()ilﬁt%éh(_?fgl ? .e%ﬂ?%%%%sﬂﬁfgai% r%%%%%%g%%% Sggnlt e gé%a(%ﬂ?ﬁs H%‘Sé“ A
[mJ/cm2PEHENSH D peaBiT6F iBEFiRta Wesmeleineivigisrecabrensinby. tBubsadinarityyise
inten?ity xﬁi{snsi;tw&@dmf @&%@Eﬂlﬁ@ ima«ggdwhﬂy ti?% ?&ww@s&am@w G@dak iszird@%@i%dtmgb a
specific exposurs A ImJ/icm?2].and a specific focus.position is calculated. The calculation is
performe%cf%%i#g%? a %??n%fattiféﬁnsla fware t%o‘ﬁﬁ@ﬁ?&s ucuéucﬁ%ﬁp%f},&&‘.ange "EHEE rEiB ar Wl ghio
intensity listeiiitia aystowalial Biyinooot apstp tioaikinabh gesismolbtainetk a posiHerepas shiswiorintsg. 11,

the light infensitvata Resitionafialibe.apatiakprsitiands shifteghpy, 1/2 of the obtained pattern line
width from the mg;(imum value in the spagtial intensity distribution of an_optical imjt?gée is defined as the

threshold value (B).'¢ PrFRBt RS JARRS T} ROBrPSIARR  FoPf i R o REBrfA RIS Frdhe
preferabloinbmi§. 5ta 50 Jmdkcnod}; stillaopee drefesablydoty lcterddimd /emR] ok he theephigldaralue (b)
is prefer [mJl wmaer ly fr t0.50. ImJ/cm2], still more preferably
from Ito %%%ﬁ%%g%o%‘?%%?%n@ e T R S R B 0.1
to 80 [mIRFFEGREEDFetEPEHY Wom oS Sirlivl ApermZ tisHiarin ey pristeeatiy foga iasismirad/cm2).
At the timexofi pe(faenpisigrpositivectone aeialoparant i akalsirvelepehisireferablyysed.

In the present invention, the matter of importance is to control the "threshold value"
of exposure dose (the exposure dose for solubilizing or insolubilizing the film by a developer
in the light-irradiated region). The "threshold value" is the minimum exposure dose for
solubilizing the film by a positive tone developer and the maximum exposure dose for
insolubilizing the film by a negative tone developer so as to obtain a desired line width at the

time of performing pattern formation.
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The alkali developer which can be used in performing positive tone development is, for example, an
alkaline aqueous solution of inorganic alkalis such as sodium hydroxide, potassium hydroxide, sodium
carbonate, sodium silicate, sodium metasilicate and aqueous ammonia, primary amines such as
ethylamine and n-propylamine, secondary amines such as diethylamine and di-n-butylamine, tertiary

amines such as tﬁﬁé“ﬂ@é@ﬂ&?&%@%ﬁ%@éﬁimﬁ’ Aleghglamines such as dimethylethanolamine

and triethanolamine, quaternary ammonium salts such as tetramethylammonium hydroxide and

tetraethylammoniuti Ky dRe xS shald cyliie ah e Seirnu® pYRIVaAaSHifE-gbilizing i Hlemore,
this alkalineaasisapusisatudiorimey bedseddfiehaddingddhieteto @l dohalsohist -y fdetd@nheach in an
appropriate amount. The alkali concentration of .the alkali developeris usually from 0 1o 20 mass%.
e o O e D B e o S TS
tetrametigtariesnium hydroxide solution is preferred. As for the rinsing solution in the rinsing

treatment performedafigr pesitly entencdevalapmestRUreswalekis used, and the pure water may be

used after adding thereto a syrfactant in. an appropriate amount. t the time of performi
oaatore tome e LB EORE T R LG B A TR S S RS B BB e,
As for themiganishdevelofégwhithccambeused jngperfdoving viegativsitone Hevelapment)/a folar
solvent sych as ketongabased, Selvent. &5tarhazed SelGRE QJ&RQC’QQPQESQ}%OJ}{%&%W'%Qﬁgd

solvent and ether-based solvent, and ad%ydrogarbon-based solvent ¢an be used. For example, there
may be 588 &KW ACHHEED §50eatiein! 48°-Burdboredt veiane Y ERBHaliois uAsA R dhe,
acetone,#rbgpldnang; 2-nexanone, diisobutyl ketone, cyclohexanone, methylcyclohexanone,
phenylacetone, methyl ethyl ketone and methylisgbutyl ketgne; and an ester-based solvent such as
ety acetate, iy AL, BT Akt o o e g e e M
monomeshiitatirensBudtbn dihaweiigbinn osuednethert dedratel sty pesihmienebuty| ether
acetate, @B?tﬂiﬂ%@ﬁd%m%%%ﬁﬁ@%h@g@ﬁ@%@ﬁ&%ﬁ&%?@@jﬁjﬁ@n@f&%@%ﬁ!@dﬁb@cet&te,

3-methy1-3- methoxybutyl acetate, methyl formate, ethyl formate, butyl formate, propyl formate, ethyl
ctate. GOPAEEALRS ST SRy BRI AP ARl e

54 6Vt AR alconol
such as weftyhadcaholsethylcaicotiol nepiopyr dleohdk bopropyl wloeh6l) nihtybafeshol, dee-utyl
alcohol, tGRsBHVk %mhg'p'l %@%W&%%@%lﬁg?ﬁéﬂh?ﬂﬁ&h%@aagw eehol-p-eglylalcohelang n-

decanol; af;lycol-based solvent such as ethylene glycol, diethylene glycol and e glycol; and a

) triethylen
glycol eti8RBE49 PEEHIGTEFF 0EHYIEREYKFEoT b AoPRE Y et d5tehomsRe disED! ethy
ether, ethytensi glycal, prepylenacglysobndieiipdeane giyealiomondmeibytethers fietthdenéeglytdle
monoethyl ether and methoxymethyl butan xamplgs, o ther- olvent.include, in
addition toe‘t]ﬁeoaﬂ}%r(ﬁ ‘éﬁ%r- i)soé:’é[ 1%I\?egﬁ?sgv§\]/%}? io%ggin(l-:-{%l Ené(%ﬁ%%%?gﬁﬁﬁg he g‘/rﬁpﬁ{é%%of the
amide-balsaglepive rtibBiciesHPungssdimelude NPHEIRED- rtielidond IRy, NiemeeEgiEtetithfde and

N.N-ditnethydfepmanmidenen thExamplesRfithenydocarhanhases solvest inshisdaian aromadicc
hydrocarbq:-based solvent g.lélfh as toléjoene and >E%I§ne, ﬁnd ac{t aliphatic hydrocarbon-based solvent

such as 68 V%Hef”t‘i’é?(ﬁ’ﬁ‘é‘fe% EUHE EREN © ep?ﬁréﬁ}’)? of these solvents may be mixed, or the

solvent may be uskd ipgthuigifier icovitto Hispltenthothiesithainl eoselddstrbeetiadboé amivateng the As
regards the deyelopmanisysiesor gxarmple E@Iﬂb%@}ag@gfiﬁ@ gHbedRYSIoPer anaSHbstate
surface by the effect of a surface tension and keeping it still for a fixed time, thereby perfolining the
developrRfplrgtirs Ao dhc £19tiod of spraying the developer on a substrate surface (spray
method), and a meitfod BEconturimuslyiefestingther develapesforua cubshate abtating at mednstant
speed whi nipg.t | jecti e t rate IG.di d)
b S e e o AEL ot e AR el et %@E@%ﬁf@e@%ﬁgﬁﬁi
developerabpidhoHeldybsaamadariaceds eosfed due tdeviifsiition o tRe deverapares redube the
temperatyiesaldibe deyelepasanitha film:ef tberpsigt Gomposiion armesenthesubsiratedsgaot
dissolved aﬁa C nstar%éate iviné; risle to deéﬁ{i ration.gn: tfgﬁa dimensional uniforrpitx.}Fort.this{hreason,
the vapof' Pr&sEiife B #0c bIHB UeVRSperivhich Uan Be us&a T pemsing negatVe (e e
developnpetirisypeéferabiynsrk Peeomimsspmoregpeaferatly dkPaor bes] and tiosefdeferablylakPa or
less. . gpeciic cxamrlenafihedeyalopsehaying® ¥RPQSREEHS A khanylessaldffsdnclude

a ketone-based solvent such as 1-octanone, 2-octanone, 1-nonanone, 2-nonanone, 4- heptanone,

2-hexandHe O HiBEBERylakHE e yad hesatbHan HetHy i @hexanone, phenylacetone and methy
isobutyl ketone; ahlestepdoided:snliydat stidh-gadukd-adetateyanmyt@acetatadprbpyidnefgtycalon
monomethyl ether acgtate, ethyl [y onageth r e, diet ne.alycol yl ether
acetate, S L T A e ST
acetate, 3-methy1-3-methoxybutyl acetate, butyl formate, propyl formate, ethyl lactate, butyl lactate
and propyl lactate; an alcohol-based solvent such as n-propyl alcohol, isopropyl alcohol, n-butyl
alcohol, sec-butyl alcohol, tert-butyl alcohol, isobut)ﬁl%lcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl
alcohol and n-decanol; a glycol-based solvent such as ethylene glycol, diethylene glycol and
triethylene glycol: a glycol ether-



based solvent such as propylene glycol monomethyl ether, ethylene glycol, propylene glycol,
diethylene glycol monomethyl ether, triethylene glycol monoethyl ether and methoxymethylbutanol; an
ether-based solvent such as tetrahydrofuran; an amide-based solvent such as N-methyl-2-pyrrolidone,
N,N-dimethylacetamide and N,Ndimethylfonnamide; an aromatic hydrocarbon-based solvent such as

toluer_u_a and eodl &%%@@%%@QM&EXHWQ@B@@W'YS@%%@ aRetaneaNd ﬁ%ﬁ_}ﬁ!&@-of
Specific examples of the developer having a vapaqr pressure, of 2 kPa or less at 20C, which is a most
preferred'&h foiﬁaﬁ%’dé%%%@%ﬁ%ﬂ"ﬁ%%%ﬁgﬁgﬁsieﬁ%eﬂﬂ%e. 2- octanone, 1-nonanone,
2-nonanone, 4-héptanding]2-Hexaroneidiisolgubd ketosre, dyctbbeatroncomethy|ayalokexaiane and
phenylacetone; ster: A : t e

%t%gﬁlﬁze%n% ﬁ@&?@%@é\é%ﬂghﬁ%@g&ﬂ&ﬁmi Lac %ﬁnﬁﬁﬁg}’é d%%&(!:i/ﬁ%g%&%yl ether

monomethyl ether acetate ne glycol monoethyl ether acetate, dietlylene glycol monobu
acetate, BiStHyRSIETHIGCEVH OABERINATREHE rae RREBIhyIOT tHBY pRoBhate, fieybutylBcetate,
3-methy lngrdneihaxybsiyinaogtaiecethyblacirie nbutyldnsiaie apgrpropyllastaies anaicehakhased
solvent su t] as n-butlyltallcoho% %?C-b%ﬂ(t%ﬂ alccr)h%,ttert-butyl alcohol, isobutyl alcohol, n-hexyl alcohol,
n-heptyl g%%%%ﬁpﬁggfzﬁfeﬁcc&%}oﬂiﬁaﬁg%- gggﬁoﬁ?a Sfy%ol-based solvent such as ethylene glycol,
diethylene glycollamsdrrtsthny fereigly cobcasglysisetiverivade disobrehisushnag phopy lersetiyly dobe
monomeg@%g;g&r afdhyl Mn@'@%ﬁ%@@rﬂ%&?lbg@t@d@% olyepl m&r&gg&@mxligtp&rﬁo%@ylene

glycol monoethyl ether and methoxymethylbutanol; an amide-hased solvent such as

N-methyRBShyAroflBRHE SN, RRAHN &thy ISt a R 8 RAGKE N iR RIRYIRS B i B Srdimaticty the

hydrocarfwidasegrsotvent Suehiasdeenerandwinalip @aﬁﬁihygtmaﬂb@@ms@d solveniwuainas

octane aﬁ&@%%%?% dperfodﬂéﬁ%fé&"ﬁéﬁ’;p& &5,%&%',%&"9@6@3&@5’@%@@%& 5&8% ‘?%{8119%@?&@% a
ea f desired. T ularly

surfactant can ded in an appropriate amount, | € surfactant is not parti

limited bde RIPRRAHBEE AR Ehe HokRARIHRIRESAtdMIE e SRt srreth XS Surfactant
can be used. Exampigsrefrstieha fliuariie-eamiaifiagiang s silicon-containing surfactant include the
surfactants descg’iged in JP-A-62- 666:% ‘!rP'A?l?';%za 746, P-A-6€1; 26745,0JFt>.-A- §2-1709&60,1
JP-A-63-34540, IB-A7-230168, Ip-R08 85534 SIBTRYG. 1 HE2 Ay R EBE AN D, SO P AR
5,405.72¢c'5:3601692, 8529, 981bEi2060330p G 436,008 BI5760148. 152941 dnansobBlA%d . aThe
SUrf‘?‘CtaQ{ééaHR%f%ﬁPB’e@e’f@'@?ﬂ&%&@%@ﬂﬁ iﬁﬁ_@iﬁﬁ@f%f‘%%ﬁfé@&%% 1t Rattigylarly limited, but a
fluorine-containing surfactgnt or a silicon-containing surfactant is more preferred. The amount of
the surfactant us8# 18 us@alFfEReHo1$8:5 mass%, preferably from 0.005 to 2 mass%, more
referably from Q.81 to Obfnmass¥biigaserd on the entire amount of the developer. After the step of
p y p p
performing negagiyg to”ea%?é/;?tﬁpd@@%p?nsg{%%ﬁ&?@ﬁm%@ﬁ agR\glopmantfy g [eplacement with
another solvent may be practiced. A step of washing the resist film with a rinsing solution _
containing an ordiine sofv&pfI8DFERIEBRSHbvided after the negative tone development. A
method where afterayvashirgasib lgeamsingepoUion, the rinsing solution is removed from the substrate
surface by rotatirlgﬁl]he suabs's,[gatgf ta Eotatio%g%gps?%?f qu Or m at{?vdé’ OO% 5%%1335 Qr_eferred. In the
case where the v

or pressure o the ﬁﬁgllﬁg solution'is low, Re sing solution remains on the
substrate even aftepaéprolimgthe miading gulutsnnisy Fotatay the substrate and penetrates into the
resist pattern formed on thesgybsirateiasvell thesesist Ratkern, Rsid resuibdhadimensionatspiformity
of the resjst pattern is deteriora eg, For.this reason, the vapor pressure at 20C of the rinsing solution is
oreforabl RS G RBRlor TGRS, FUTE HHorilrebiy 0. RPIOGS IEHEIoHAD HHOSF rereholy SO KA dt more.
In the rinsingtste poaftelcnelgativédaresde vplopmetittine whashimgdsmpreterabhadietfonmed using a
rinsing solution cep_tﬂining ﬁ{é@@%éyﬁ%@& ’of an organic solvent selected from an alkane-based
solvent, a ketone-based solvent, an ester-based solvent, an alcohol-based solvent, an amide-based
solvent and an efffehbasaGEbREHiNBErably, a step of washing the resist film by using a rinsing
solution containing.at leastsenediinevefopingrganis solienteelested dtom @iketenedased solvent, an
ester-based solv%nmtgfn aalcs%hg)}i- a}s(e(c)issloelvs?gt and an amide-based solvent is preformed after negative
tone development; more prefera Fy,% step o1p\’/vashing the resist film by using a rinsing solution
containing an alc6hél-bagedauiddrbpastesteéithased solvent is performed after negative tone

development; stilfimpore pﬁ%%ﬁ@bﬁe%e‘ﬁﬁﬁr@tﬁ@ﬁé%ﬁ@ﬂﬁhﬁ {ﬁﬁﬁa%\@im&%&wc@w@iﬂ%@. solution
containing a monghydric Ic%@ol havin%ggcarbongumb r.of 6 to gé%ggerformed after negative tone
development. Th Hgﬁgf%d e ARSEH GIHRRRSY QAP b SRR 8F G BB B WA AR SO HEPnsing
step aftedemgdkidd aeneaeveloprhent, includes a linear, branched or cyclic monohydric alcohol, and
specific examplesygf.the monghyricalsahoh whish Fan.pe Hsgd iclude Jabexanobul-hemangk
1-octanol, 2-hexanol, 2-heptanol, 2-octanol, 3-hexanol, 3-heptanol, 3-octanol, 4- octanol and benzyl
alcohol, with 1-hexanol, 2-hexanol and 2-heptanol being preferred. A plurality of these
components may be mixed, or the solvent may be used by mixing it with an organic solvent other than
those described above. The water content in thé rinsing solution is preferably 10 mass% or less,

more preferably 5 mass% or less, still more preferably 3 mass% or less. By setting the water content

to 10 mass% or less, good development characteristics can be obtained. The rinsing solution
mav alen he 11cead after addina thereato a crirfactant in Aan annronriate amoi Nt In the rineinAa often



As regards the development method, for example, a method of dipping the substrate in a bath filled
with the developer for a fixed time (dipping method), a method of raising the developer on the
substrate surface by the effect of a surface tension and keeping it still for a fixed time, thereby
performing the development (puddle method), a method of spraying the developer on a substrate

surface (SpraUing P&t anRd Mﬁme@mgm@ayééyoskﬁeﬂﬁgf%&efﬂstvs!tgeﬁke%H%&%&t@e

rotating at a constant speed while scanning the developer ejecting nozzle at a constant rate (dynamic
dispense BReBRBIRPHAANE Bpibrelevelopimet e sehasirrdr ATRESHIBIISE 8T%he present invention, the step
of forming a film on@sthstaEtedhibusing theesipbeompasitemuhosasnlubilibeima pasitive: tang
developer increases a lubility in a negative tone developer.decreases upon irradiation with an
actinic B R B R G D A TraTe A e ol 51
applying sesitivalesnleplavelopradhrasitié fithimiydsécpatfminbesty genbealiypkmown mbthodse

The expasiis-RRP#aIUM IPERIN IR RERSENLINYRNNGN:IS ARk limitadiin thedight sauvee Waelenath,
but, for exa&glﬁt\aﬂ, KrF emegla er wavelength (248 nm), an ArF ﬁxglmer laser wavelength (193 nm)
and an F2* ¥ LSBT IER QI (50NN CA DB SHRSAO! (e e REFFER fetoRrifil Exbosure
of the pr_esérﬁeipmt_iﬁtigrmpahd_@mrsinmenpglsutedmethqd can be ap_plied. The_immersion exposure
metnod e a tech g Bc @B e EPAlIn ANl e piG ohacHorIna sraogure bY

filling a high refractive-index liquid (hereinafter sometimes refe Immersion liquid”
between RFEPRBIECtidRIEHE 4v8 hersamplier than ABsrerpasuestréetcofininierion”aksstimipgrit
NAO=singcitheteselitionand deptivetfocusmibensmmensrebean heexpiesspo: oy thefelawing
formulaeéo(ll?esss% Q&Q%g Ig(g)csosln NéAr‘ ) Derpoth ag[{ foc%l(;s = gg}(gél#/ c{lélei% a/\éherein,ko is the wavelength
of exposureellgh iR air, IS the reffactive Ingex of the Immersio mufi%aseé%’r?uaiﬁ; and O is the
convergence halfaigieast séasrforming hgtdspasereffeet iohirarbier sion & ejopinentsenot Emssposure
wavelength i IRoathaewasginhemthesraisstion aptical system hasdhe same A, ths depth of
focus can be made n times larger by the immersion. This is effective for all pattern profiles and can be
combinegiﬂgﬂvﬁ‘?g éﬁer-resolution technology under study at present, such as phase-shift method
and modified illufimaticmgnethidd. first dxpthacadesof perfdrmiagomimersionexpesurerzdiapd of
washing fag, (iR ace g Auecglemialaalition may ke Rmad(LyRepis e gposure

step after forming the film on a substrate and/or (2) after the step of exposing tl rough an
immersidiF§HT but BefidithE st B pe atinrtdampcrature THe himBreioRawiing iEsedbbiea liquid
being transpesenite lighhatdhe expasuie waseengtfeanckhavingt ais sinadradie iaperatureseonfiicient of
refractive Index,as pgssible, so.gs. b minimize the disterion,of an ptica) image: prajected.on fhe fim.
Particularf;‘}?w en the exposuren?@ t source IS an ArE ex merfaser?Wave?engt 163 nms)“, water is
preferabliFibetringichytbe dusy spsitsbiiey dndedey tatidie Abilitymipeadition befewlyevbedeéseribed
aspects. step. In the case of using water, an additive (liquid) capable of decreasing the surface tension
of water and increasing the surface activity may be added jn a small ratio, This additive is preferably a
liquid that does n%?‘%%%S%ﬁfﬁéﬂa\l&%iZ? é@}%%ﬁ%ﬂ8%&%}%4?&'%&9%@&5&&&%@?5 isgﬂr@oévﬁéﬁligible
effect onttheaoptatditbogtaabsherarmersurface of the lens element. Such an additive is preferably,
for example, an 3liPhalc alsghalaaving adeitaciypdodesnasiieaLin Ate! wajsl AR shecific

examples thereof include m h’};I alcohol, ethyl alcohol and isopropyl alcohdl. By virtue of adding an

alcohol HRNREBEFRRRRFES rthdx SR8 gtiaP ol 6t 08 dRGMPHN R IR Sl oI BRHEA in

water is evaparaiedranehits caniemibacndentradion isstbengedataehange fiihe sefiaaliveniodex of the
entire liqyi V. oushk very. . On the, other hand, if a substance .opaque
to light atg 1%1%9;%# %Srﬁg}ﬁa%r%ﬁ% r%tf/}J 6%%%%}?%% éi r)éé%%atﬂgege?reasgfﬁée }?r% ex from wa 13??8 %%ing%gdt,htﬁis

]
incurs disiiofoEiReBBtdAl wgq@@éo}étféméﬁgtﬁéer%wm@ﬁemm&wﬁh§éem'>$sapﬁbféﬁably

distilled wajrsursRwates sffelifurtPegfiication through an ion exchange filter or the like may also be
used. In the éese}%t invention tﬁe substrate on whicg the fi(lim IS gﬁrmed IS not gartic%larly imited,

and an inorganic ‘Stifsst TSR s Micsr i SiNe 8 2 AL EHRM SR BE T8 ai P stibdirdte such
as SOG, ona subtiteatdayelvgallyvused rkbe grodepsrof producidg ensemizomd fotarduchdsE. or
producing aLirglit hoardrafdiquig crysial, ihermabnead.ar ihe likeQrindheilitheamapy Pracess.f other
photo-applications can be used, If desired, an organic antireflection film may be formed between the
film and F@L5IBERSss A [md/em®] and focus position for forming a desired line width are determined.
Subsequently, the intensity distribution of an optical image when the above-described

photomask is irradiated with a specific exposure dose A [ml/em’] and a specific focus
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In the present invention, the film formed on the substrate is a film composed of a resist composition
whose solubility in a positive tone developer increases and solubility in a negative tone developer

decreases upon irradiation with an actinic ray or radiation. The resist composition which can be
used in the present invention is described below. (A) Resin capable of increasing the polarity by the

action of an.acid ;s calcm%effsi%ﬁ@e@%@%ﬂ%@Pﬁ@&%ﬁﬁrﬂe&aﬁ%ﬁ_@&eﬁﬁ% OLARACI LML IS

used in the resist composition of the present invention, is a resin having a group that decomposes by

the actiolesf & Acid-18TproaER & ak-hikali-Joripls gfdlp trkrdrigrerstine iirodsastéhrddtodeian
"acid-decompagabigigeorp)LoNEitherpene or hethlokibgrraimahiatr anaNiie sigdachainef the resin
(sometimes referred to as an "acid-decomposable.resin”, an."acid-decompasable resin (A)".ar a "resin
(). The resin s ST aEA SRS BER TR TR e e oHe SR R T whioh
has a mdhetyeliwbeolyeyehic @lfeywtit hydrocarbon structure and can increase the porality, increase

the solubility in an;alkali.dgyelaneranddestanss thesqlubilty o ansraricsolyeRtpydagiaction of an
acid (hereinafter sometimes referred to as an alicyclic hydrocarbon-based acid-decomposable resin®).

. . d
BecauseStHE Polrity o thETe A Gt RKFER dHedt ihWERH HeforB B SiePitadiatbh S actinic
ray or radhationiraddsinibeticthefrasisttitnl isdeyélaped:ssinglagpbsitvetoné&developer (preferably an

alkali developer) ?I%Q t%x@ﬁ%?&‘(%ﬁ?e”@ﬂ&vﬁ@%%%éﬂ(%f%ﬂ?'&e@@}.&’%ﬁﬁ?ﬁé’t@%ﬁ%@@ﬁi?8&!3%?@{}1

contrast rises. Furthermore, the resin ‘having a monocyclic or po icy ydrocarbon structure
generallyKaachighl RyerEsphEHIEI8EEnd ensures a high development rate at the time of developing the
resist film in the ragigmofwapksdightirradiation iersittivithwhasgalietone developerniarefgsably an
organic dCFveio%er) and the d%velcmgjij?t’y.in usin ane ativ% tor]e devﬁilo eris enhanceg. .
ExampleS oF the AIKAT 5ot Grotp mctude %r%?%slﬁ%vmnge a pheRoiic Mydroxyl grotp. a CATBoxylic
acid groupith fluesinatethalsokdigiou Bokdric asibyregpaadsiifonsimideyroeppesstifonylimide

group, an @Q&HH&@X&@%YE@%@%%M' ' athylens QR @&&@HX&%@&%M@'Kﬁlﬁﬁmﬁﬁypim%@roup, a
bls(alkylcarbor%%)methylen_e group, a bis(alkylcarbonyl)imide group, a_bls(alkxlsuIfonyl)meth¥lene

group, a BiafalAEHRIVInT RGBT atiS@ikiE B0 AYBABERYRAE dPolipbiigm ) steps and the
tris(alkylsuifosyfindetiyilefs froipm’] stefEhe alkali-soluble group is preferably a carboxylic acid group,

a fluorinated a'COR?ﬂeQ,r&HS&%ﬁ(ﬁ@Q%*}%@“{ﬁ i?é’BE%%PQDa%QsﬁEHQ@{ﬁ%Q&éOHE-a esidd}® 9roup

capable of decomposin eﬂ’% e action of an acid (acid-decomposable groups) is preferably a group
obtainedtsyes@ﬁétmﬁmag ORGH rBEEN2R OREBT e EB s dBse s odIcameBIBIOBrEu VRIS Group

capable giteavingtbytheiactiopabsn d@eitine widdxamplepafdhei grasp:canakimefieasing bythe
action of an acid include - C(R36)(R3#)(R38),.-C(R35)(R37}X0R39) and -C(R0O1)(R0O2)(0R39). In
the formd 1SRN ST AU 0 FAb hlep ey o e i At B 2 S b S ary
group, arﬁi%tmmilﬁfgiou§1&vaw%bhyhgréﬁm$5336déﬁ16@321hﬁy%ﬁm¥ﬂ@l withgsavirotHbe tabfoien a ring.
Each of RQcapeiRS2ipdanendenilyiepresents abyarogepAiRm dafalkyharewd; afyelaalieyhgroup,
an aryl group, an aralkyl group or an aqggnyl roup. . The %ecom{posable roup is preferably a
cumyl esIEF B 4 eliof ASHLPHoup! B GEIEATLSRe B TYEt R IRy SR EPB USSP ke,
more .pr.e(fBrabty?q:}tedukaqi h}kﬁle%]ter group. The r(-;-sist_ composition of the present invention
containing a resif(al) having a Manaclc orPoleNRliGA'GHlG yFRcadap Siristug anskpsging

capable of increasing the polarity by the action of an acid can be suitably used when ArF excimer laser
light is irfelRipifed: The resin having a monocyclic or polycyclic alicycl ¢ hydrocarbon structure and
being capable of iergasisighthe pakagity hytbaiaktionotan acid(heteinafier semelimesogiriidd to as
an "alicyg "%f@éd'i%ca}?o& ?@ﬁ%%t%%‘éade%&é‘%{%‘%%%"%fcﬁﬁ"}r{n'% QB%T‘%%%Q%%?%T];%OPf}ar'ﬂéngp%tié‘?aSt
one member selected from the group consisting of a repeating unit having an alicyclic
hydrocarisbpredrdisiitep pertiel stroetiye rapassenkiinby antfoHewshnie felewniby formulae (A) to (pV)
and a repeating unjirepsssanteshythe fellomiag formula (ItAB)O [mi/ecm®], more preferably from

0.5 to 50 [ml/em, still more preferably from 1 to 30 [mJ/em?]. The threshold value (b) is

preferably from 0.1 to 100 [mJ/cmz], more preferably from 0.5 to 50 [mJ/em?], still more

preferably from 1 1o 30 [mJ/em?).

The difference between threshold values (a) and (b) is preferably from 0.1 to 80
[mJ/em?®], more preferably from 0.5 to 50 [ml/em®], still more preferably from 1 to 30

{mJ/ cmz].
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In formulae (pl1) to (pV). RI represents a methyl group, an ethyl group, an n-propy! group, an isopropyl
group, an n-butyl group, an isobutyl group or a sec-butyl group. Z represents an atomic group
necessary for forming a cycloalkyl group together with the carbon atom. Each of R12 to R16
independently represents a linear or branched alkyl group having a carbon number of 1 to 4 or a

cycloalkyl group, grqyided thaf, at least ane, ot Rl 10 Rld qreitherong of R1mand &%Q&%@J egents a

cycloalkyl group. Each of R12 to R21‘independently represents a hydrogen atom, a finear or
branche# &k Yrotishaving a carbon number of 1 to 4 or a cycloalkyl group, provided that at least one

of R12 to R21 represanris asydaakywigeoumand that eitheramolRtidnd BRI depmepenistadinear or

branched aleyl argun havigga cafhon aumloer of 140, 4,01 acvdloalivl droun. . o, ERh L 222 to R25
independ@ntly Tepreséntd a nydrogen atom, & linear or branched alkyl group haying a carbon riumber

of 1 to 4wrasoyeiohidrogréupsplovided teartst leaditonei BERR 25t RAE mepiredmats arcyelpekyE group.
R23 and;R24,may INe VN eaeh ANSHIGIREE 8ing fLop RARRLIZ L ABYy amitRfermuia (1I-AB),

each of R11 and R12' independently represents a hydrogen atom, a cyano group, a halogen atom or
an alkyl o amine 4 AR A AT mIE GrBMp TBF IOV THAG h BRJIRTER R EORATTAY two
bonded earben atoshs!(CuGhdsormtia {H-ABhispreferatiynihe fallalving:tbanuitaniieABybjteméivAB?2):

R13R16L RAGkum salts such as tetramethylammonium  hydroxide and tetraethylammonium
hydroxide, and cyclic amines such as pyrrole and piperidine.

Furthermore, this alkaline agueous solution may be used after adding thereto
alcohols and a surfactant each in an appropriate amount.

The alkali concentration of the alkali developer is usually from 0.1 to 20 mass%.

The pH of the alkali developer is usually from 10.0 to 15.0.

In particular, an aqueous 2.38% tetramethylammonium hydroxide solution is
preferred.

As for the rinsing solution in the rinsing treatment performed after positive tone
development, pure water is used, and the pure water may be used after adding thereto a
surfactant in an appropriate amount.

At the time of performing negative tone development, an organic developer
containing an organic solvent is preferably used.

As for the organic developer which can be used in performing negative tone
development, a polar solvent such as ketone-based solvent, ester-based solvent, alcohol-based
solvent, amide-based solvent and ether-based solvent, and a hydrocarbon-based solvent can
be used. For example, there may be used a ketone-based solvent such as I-octanone, 2-
octanone, 1-nonanone, 2-nonanone, acetone, 4-heptanone, 2-hexanone, diisobutyl ketone,
cyclohexanone, methylcyclohexanone, phenylacetone, methyl ethyl ketone and methyl
isobutyl ketone; and an ester-based solvent such as methyl acetate, butyl acetate, ethyl acetate,
1sopropyl acetate, amyl acetate, propylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether acetate, diethylene giveol monobutyl ether acetate, diethylene glycol
monoethyl ether acetate, ethyl-3-ethoxypropionate, 3-methoxybutyl acetate, 3-methyl-3-
methoxybutyl acetate, methyl formate, ethyl formate, butyl formate, propyl formate, ethyl
lactate, butyl lactate and propyl lactate.

Examples of the alcohol-based solvent include an alcohol such as methyl alcohol,
ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tert-
butyl alcohol, isobutyl alechol, n-hexyl alcohol, n-heptyl alcohol, n-octyl aleohol and n-
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(I'-AB1) (11-A In formulae (1I-AB1) and (lI-AB2), each of RI3' to R16' independently
represents a hydrogen atom, a halogen atom, a cyano group, -COOH, -COORS5, a group capable of
decomposing by the action of an acid, -C(=0)-X-A'-12171, an alkyl group or a cycloalkyl group, and at
least two members out of R13' 10 R16' may combine to form a ring. R5 represents an alkyl group, a

cycloa'kxée%%p of @9&9%@@&@&%@49&9 AL HIE X ISREE SRR ARAXUBED AIRM. rﬁéﬁﬁﬂé%@tom

-NH-, -NHS02- or - -. A’ represents a sirigle bond or a divalent linKin group

represerﬁbfceb@ﬁ 2. GORIRShERESASRINGRYSYFE, ARV ARG YR O e BRI et@fwi%@z R6 or
a group @@dﬁgrﬁdﬁ@f@ﬂﬁ}ﬂtmﬁﬁﬂeﬂﬁﬁaﬁep@g&@m%mjﬂkﬂé @@'upiori@tﬁy@@allg\yj/@muﬂ)mmh%ents 0
orl.In fogpul?m%ﬁgl }/B)égi?_walk &yF?falr:g&Z tqﬁggi&%% jr or branched alkyl group having a

carbon number 6 e cyc group of at]ﬁe ‘cycloalkyl group formed by Z
together with theMﬁﬁ&t@fﬁhﬁ@ﬁl@ébﬁ@ﬁﬁb@?@@b#@éﬁﬁ@dﬁba@b@@ﬁlé%%ﬁiﬁé@ﬂﬁ?@éﬁw@de a

group hayipg &Ca5B00 BHRR! SiSQrmAR ARg-having a monocyclo, bicycio, trlcyclo or tetracyclo
structure or the like. Th carg%r}énum rther of| prefer 1k‘): from 6 to 30, more rabgé{i/ m 7 to
P

25. These cycloa@k&ﬂn@? f AE %Q@éﬂ Hhe‘ﬁ Caﬁr@%rf’éadeﬂﬁmﬂ) 85 oalkyl
group inqdym‘el'aimmjéﬁﬂdrﬂyﬁgtbydpmmxﬁokaﬁ&nfyk@maﬂhyﬁ@aw&wﬁm&due a tricyclodecanyl group, a

tetraCyC'OdOdecai@i/él%%spo?t'BBrﬁ?ﬁ&fb@a%%ﬁja@e‘&e%we%%@mé’)éﬁ'%P&%{ QIR & YEHNSXY! group,

a cycloheptyl group, a'cyclooctyl group, a cyclodecaﬁg/ roup and a cyclododecanyl group. Among
these, MERE BRETBIFBAAAr &M AH AR Aty IegFo 5 S o igrbUosEhershassd grRiuptastylIdsentyl
group, a jfetraeycledadecanyhgr@dpiantha trlcyclodecanyl group. Examples of the substituent

which the alkyl g grp 1p?o %dt%}a%l Ikeyl &@&%Q elach may er lave r\}g!{%de %%Ikgag@u&gla\émtg a

carbon number of alogen atom, ah roxy grdup an a koxy gro having "a carbon number

of 1 to 4)walcarsxsagrdup Ga ﬁ)@@l@@m@?é@mmr@u‘ﬁfm&vmg a carbon number of 2 to 6).

Examples of the mh%%raﬁmwémmﬁi%%%amlﬂéouQn@dﬂf@dmrmﬁgl ﬁ@&@v@l&%&he like
each may further Iud a hyd

structure@qé’*p?‘éegsérﬁégsﬁ] 6F ﬁilgg(?)? (%S%lj)g‘ér %%ggg%sb%ﬁﬁ(%gpﬁﬁgﬁtfg@ég ol 5‘?1da%?rr-soluble
group in thmrb$|perﬁnmmme§®ﬂmelqﬂm¢m@nuldkéagmpodhlladeatbwmuﬁ gmtypglﬂhe\dnvwictpts technical
field.  , substrate surface {spray method), and a method of continuously ejecting the developer on a
substrate rotating at a constant speed while scanning the developer ejecting nozzle at a
constant rate (dynamic dispense method) may be applied. In using such a development
method, if the vapor pressure of the negative tone developer is high, the substrate surface is
cooled due to evaporation of the developer to reduce the temperature of the developer and the
film of the resist composition formed on the substrate is not dissolved at a constant rate,
giving rise to deterioration of the dimensional uniformity. For this reason, the vapor
pressure at 20°C of the developer which can be used in performing negative tone development
is preferably 5 kPa or less, more preferably 3 kPa or less, and most preferably 2 kPa or less.
Specific examples of the developer having a vapor pressure of 5 kPa or less at 20°C
include a ketone-based solvent such as l-octanone, 2-octanone, 1-nonanone, 2-nonanone, 4-
heptanone, 2-hexanone, disobutyl ketone, cyclohexanone, methylicyclohexanone,
phenylacetone and methy! isobutyl ketone; an ester-based solvent such as butyl acetate, amyl
acetate, propylene giycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate,
diethvlene glycol monobutyl ether acetate, diethylene glycol monoethyl ether acetate, ethyl-3-
ethoxypropionate, 3-methoxybutyl acetate, 3-methyl-3-methoxybutyl acetate, butyl formate,
propy! formate, ethyl lactate, butyl lactate and propyl lactate; an alcohol-based solvent such as
n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl aleohol, tert-butyl alcohol,
isobutyl alcohol, n-hexyl alcohol, n-hepty! alcohol, n-octyl alcohol and n-decanol; a glycol-

based solvent such as ethylene glycol, diethylene glycol and triethylene glycol; a glyeol ether-
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Specific examples thereof include a structure where the hydrogen atom of a carboxylic acid group, a
sulfonic acid group, a phenol group or a thiol group is replaced by the structure represented by any
one of formulae (pl) to (pV). Among these, preferred is a structure where the hydrogen atom of a
carboxylic acid group or a sulfonic acid group is replaced by the structure represented by any one of

f I | V). The repeating,unit having an alkali-soluble gro rotected by the structure
reprosentaity s B Eo ROIALE g GOV T by e o BTG BN praunceh By
following déritiRn¢pAgiveol  Imtheorindla, ﬂh@pre@é@lﬁh@dr@@@m@mmh&memmm endi linear
or branchedvalkyhaaumiaving a.carhep pumbearnafhtodeand apluralin.al RS mavhg dbe same or

different from each other. A represents a single bond, or a sole group or a combination of two or

more grotP¥Blectstf from?the %H’ﬁt@ghgréﬁ%ogfiﬁﬁealkylgrré“ﬁ’r%\?b%éﬁ‘f%%%@rou&,né thiobtver

group, a darleamyfgmaamian estergraiphatd-amidorgioup] agutionairics asdup-catteilane greup and

a urea gr : A ly a singl Rill represents a group represented by any one of
%g%%ﬂ%@;gf%!%&%%ﬁ%% Sopeid <Rl 1% or&%%gt%i Qecasfe

formulae e repeating unit represente ormula’(pA) is more preferably a

repeating unit cormprsdEel sramplangi-Deaderaans pmans acryhsterorauiidd kRaamieasmetay |
(meth)aciylaie. is a SpaciicRxamplesof therepeatingaeibirpieseved RydornrulapAlgre set forth

below, but Eheopresent invention ispot limited theé{?io. (In the formulae, Rx represents H, CH3 or
CH20H, %Aa85&h of RYABRRG Rxb TRGBPE e ntly FEHIEERRTs an fup HAVIRGYE carB6i MHumber

of | to 4,)@}4:1@11(@&@@,:@1@@121@@%@)0% and phenylacetone; an ester-based solvent such as
butyl acetate, amyl acetate, propylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether acetate, diethylene glycol monobutyl ether acetate, diethylene glycol
monoethyl ether acetate, ethyi-3-ethoxypropionate, 3-methoxybutyl acetate, 3-methyl-3-
methoxybutyl acetate, ethyl lactate, butyl lactate and propyl lactate; an alcohol-based solvent
such as n-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, n-hexyl aicohol,
n-heptyl alcobol, n-octyl alcohol and n-decanol; a glycol-based solvent such as ethylene
giyeol, diethylene glveol and triethylene glycol; a glveol ether-based solvent such as
propylene glycol monomethyl ether, ethylene glycol, propylene glycol, diethylene glyeol
monomethyl ether, triethylene glycol monoethyl ether and methoxymethylbutano!l; an amide-
based solvent such as N-methyl-2-pyrrolidone, N N-dimethylacetamide and N.N-
dimethylformamide; an aromatic hydrocarbon-based solvent such as xylene; and an aliphatic
hydrocarbon-based solvent such as octane and decane.

in the developer usable when performing negative tone development, a surfactant
can be added in an appropriate amount, if desired.

The surfactant is not particularly limited but, for example, an ionic or nonionic
fluorine-containing and/or silicon-containing surfactant can be used. Examples of such a
fluorine-containing and/or silicon-containing surfactant include the surfactants described in
JP-A-62-36663, IP-A-61-226746, JP-A-61-226745, JP-A-62-170950, JP-A-63-34540, JP-A-
7230165, JP-A-5-62834, JP-A-9-54432, JP-A-9-5988 and U.S. Patents 5,405,720, 5,360,692,
5,529,881, 5,296,330, 5,436,098, 5,576,143, 5,294,511 and 5,824,451. The surfactant is
preferably a nonionic surfactant. The nonionic surfactant is not particularly limited, but a
fluorine-containing surfactant or a silicon-containing surfactant is more preferred.

The amount of the surfactant used is usually from 0.001 to 5 mass%, preferably from
0.005 to 2 mass%, more preferably from 0.01 to 0.5 mass%, based on the entire amount of the
developer.

After the step of performing negative tone development, a step of stopping the
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(CH21, -C; 11 0=C Rxa0=? Rxa (--...".. 00 -------- r---..) -----—- 45 2122232425 1$x -(CH2 C-)--

development by the replacement with another solvent may be praciiced.

A step of washing the resist film with a rinsing solution containing an organic
solvent is preferably provided after the negative tone development.

A method where after washing with a rinsing solution, the rinsing solution is
removed from the substrate surface by rotating the substrate at a rotation number of 2,000 rpm
to 4,000 rpm, is preferred.  In the case where the vapor pressure of the rinsing solution is low,
the rinsing solution remains on the substrate even after removing the rinsing solution by
rotating the substrate and penetrates into the resist pattern formed on the substrate to swell the
resist pattern, as a result, the dimensional uniformity of the resist pattern is deteriorated. For
this reason, the vapor pressure at 20°C of the rinsing solution is preferably 0.05 kPa or more,
more preferably 0.1 kPa or more, and most preferably 0.12 kPa or more.

In the rinsing step after negative tone development, the washing is preferably
performed using a rinsing solution containing at least one kind of an organic solvent selected
from an alkane-based solvent, a ketone-based solvent, an ester-based solvent, an alcohol-
based solvent, an amide-based solvent and an ether-based solvent. Preferably, a step of
washing the resist film by using a rinsing solution containing at least one kind of an organic
solvent selected from a ketone-based solvent, an ester-based solvent, an alcohol-based solvent
and an amide-based solvent is preformed after negative tone development; more preferably, a
step of washing the resist film by using a rinsing solution containing an alcohol-based solvent
or an ester-based solvent is performed after negative tone development; still more preferably,
a step of washing the resist film by using a rinsing solution containing a rﬁonohydric alcohol
having a carbon number of 6 to 8 is performed after negative tone development. The
monohydric alcohol having a carbon number of 6 to 8, which is used in the rinsing step after
negative tone development, includes a linear, branched or cyclic monohydric alcohol, and
specific examples of the monohydric alcohol which can be used include I-hexanol, 1-
heptanol, 1-octanol, 2-hexanol, 2-heptanol, 2-octanol, 3-hexanol, 3-heptanol, 3-octanol, 4-
octanol and benzyl alcohol, with 1-hexanol, 2-hexanol and 2-heptanol being preferred.

A plurality of these components may be mixed, or the solvent may be used by
mixing it with an organic solvent other than those described above.

The water content in the rinsing solution is preferably 10 mass% or less, more
preferably 5 mass% or less, still more preferably 3 mass% or less. By setting the water
content to 10 mass% or less, good development characteristics can be obtained.

The rinsing solution may also be used after adding thereto a surfactant in an
appropriate amount,

In the rinsing step, the wafer after negative tone development is washed using the

above-described organic solvent-containing rinsing solution. The method of washing
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Ho 0 28 Examples of the halogen atom of R11' and R12" in foula (1I-AB) include a chlorine atom, a
bromine atom, a fluorine atom and an iodine atom. The alkyl group of R11 and R12 includes a
linear or branched alkyl group having a carbon number of Ito 10. The atomic group of Z' for
forming an alicyclic structure is an atomic group for forming, in the resin, a repeating unit composed of
an allcyclﬁg h%fglrocarb%p which mg\g/ ‘ave%f substituent. Above all anb%&(])mlc,group for forming a

crosslinkET ANSTOIE SPLERTE W S L ECARE e Ay R o RS MG e R B red.

Examplesiositiesskaiotonnof tubsatisyciicahipgraicarbostfotraectdrerthecsating as:thodp ohibtadieyclic
hydrocarlg ieuR:otiRRadE n i uiResRllie (B kinsine WGSIAINOF aéé%(;leﬁ@g%{gcafbon

may have a substituent, and examples of the substituent include R13' to n form 1) and
(I1-AB2). TG RyRAEAG PO CRFB IS A% dLaRfE RCBH BP0 SAIRSr S8RT 8 FUBTiACthESpresast
inventionpthdgtpuncapabldiof decdmposing by-thedeetier-ahanadishiayhe santajped imat lgast one
repeatin it.out of the repeating unit Raving an alicyclic hydrocarbon-containing partial structure
represer?tﬂe%.'éé{%ncf %t%n o?%gﬁ%%%%d(p Yo p )‘f"?ﬁa}é‘%pegé%n%ﬁ%%r%??}‘égé’é“nféq" %%}%?é%lfgrﬁl-gk%), and
the repedtifgiiniit BEMpo SEd GREDPS yHst2Eishecoisbonemidbecnbad (BteprT hegidtpmapable of
decomposiBghydthe action of an acid is preferably contained in the repeating unit having an alicylcic

hydrocarbon-containin rtial structure represented by any one of formulae (p1) to (pV). Various
substituents R13 8’[5?%'?‘%%?3%@10?@%&5“5 %ﬂ-ﬂ%@‘)%%ﬁb%é’éﬁ@g&éﬁiﬁﬁﬁ%t f (HstiBinic

group forifornirily &t callieytlithstdmtelmar fbmaa‘fm&dd@netﬂﬁiiﬁbrgfmmmg}aacmsﬂmeﬁ raligyglidic
structure é@J&HR&‘%A' hBlibstrareoRBEIAE SXMPIAS QT Ihe tepgall an‘é{y&ls_aﬁ%f’kd%%%ﬁ?t by fermulae

(II-AB1) and (Il1AB2) are set forth below, but the present invention Is not limite se specific

I , i
examplesflxeé timegfhershy, RREBTRIRE ARG A At dRaddbnipedasic fesiiied pésmanantbeent
inventionderefierablymhasubdastorargraupphs fof thaladionadiauphany gredRBaYshecHsem amiong as
ithas al ture, a group having a 5- to 7-membered ring lactope structure is, preferred.
The 5- to%%%]esﬁ]%ré%gggﬁgg%gf%%\réospﬁnﬁuﬁgﬁg%}é?&ta ?écgoﬁ] é%s%%%%%%ﬁ%’r%fﬁ’ rsﬁ‘]é)%ﬂf’r% in the
form of fdlATHE & Bieyesrat EHroisnurigréisTise asthabrapydferatiledas a repeating unit containing a

group having a lagteRe sideiUrsFaRwesenisd @B’tﬁ@}é&@&n@ﬁﬁb@n@&ﬂ%%f%@?@%%%kJf‘?iﬁ‘? on
(LC1-16). TSQI% roup. having a lactone structure may be bonded directly to the. main chain. Among

these lactonaoStaist PPt ST S PR et dBY T Uit (PESTHE (1089 -9SVRLE!s),
(LC1-6), (h@e4:8) amd @aBibility. By viregatiading adspekificrlabioresstrugionejthditineredge:ranghness

and develppmeptdef ?Qéﬁf%mggﬁg'of exposing the film, the step of heating the film, and the step

of applying positive tone development to the film may be performed by generally known

methods.

The exposure apparatus for use in the present invention is not limited in the light
source wavelength, but, for example, a KrF excimer laser wavelength (248 nm), an ArF
excimer laser wavelength (193 nm) and an F» excimer laser wavelength (157 nm) can be
applied.

in the step of performing exposure of the present invention, an immersion exposure
method can be applied.

The immersion exposure method is a technique for raising the resolution, and this is
a technique of performing the exposure by filling a high refractive-index liquid (hereinafter
sometimes referred to as an "immersion liquid") between the projection lens and the sample.

As for the "effect of immersion”, assuming that NAg=sin8, the resolution and depth
of focus when immersed can be expressed by the foliowing formulae:

{Resolution) = kye(Ae/m)/NAg

(Depth of focus) = Tkre(hy/n)/NAL
wherein Aq is the wavelength of exposure light in air, n is the refractive index of the

immersion liquid based on air, and 6 is the convergence half-angle of beam.
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The lactone structure moiety may or may not have a substituent (Rb2). Preferred examples of the
substituent (Rb?) include an alkyl group having a carbon number of 1 to 8, a cycloalkyl group having a
carbon number of 4 to 7, an alkoxy group having a carbon number of 1 to 8, an alkoxycarbonyl group
having a carbon number of 1 to 8, a carboxyl group, a halogen atom, a hydroxyl group, a cyano group
and an acid-dec sahle group. p2 represents an integer of 0 to 4. When n2 is an infeger of 2 or
ore, each R R B e L e U G Db KIS SRR ity
substituepfee{RIZ ¥ fnaxheniigimeoyith @achtsteyiciormathingame NEx#mplestobtheepeatitg unit

containing, gOYRRAIRGCR IACIARGSHUEIS representert by 2ny,0ng pldermulas b Ghal i (-C1-16)
include a repeating unit where at least one of RI3' to R16' in formula (11-AB1) or (11-AB2) has a group
e..

represenfS8 B Shy o e BF SRTIES QLEIH S RO ST H Tt plel RE B -EORTHLE D
representectiiny any oneldicibiuaesfl@ixt)iodL C1-16)), and a repeating unit represented by the
following formula : -Ab-V_ . Ink 1), Rbo represents a hydregen atom, a
halogen atom or Ia(ﬁ%ﬁ(%?g?;o%% %ﬁﬁg‘ggcé%“%%sﬁ%%%ﬁ”@ f![%% SEPTG refarred %ﬁ%ﬁ%?egﬂg atcf'uepe
substitueWE%fﬁEh%@FﬁyF@%ﬁfﬁbengl%%af}l%% mefdeEefydroRgigioihrasashetosfen afem.

The haloa&ma{grth@fﬂﬁi@p%ﬂcw@l@&ﬁefiwﬂﬂaﬁyat@pﬁalt&hkﬁanﬁe@tm,g@ﬂaf@ﬂ@' N8R aﬂiﬂugghigﬂine
atom. Rbo is preferabl rogen.atom or a met raup. Ab represents a single bond, an
alkylene %&%%%ﬁ,%ﬁ%ﬁﬁﬁ%ﬂngfg}gﬁgtﬁggé%egfmgﬁ%cﬁiﬁk or polycyclic alicyclic hydrocarbon
structure, an ethéﬁﬁ@rimp}aaﬁmslémgﬁd&pr@”&rablb;@ayﬁcgmhb@i@gardmamnmgmligkfbméd Dypoembining
these grapps:-aadis pIeferably & singleLand.aLadinkingraraupd epe ey Ab hA08r 4Pl

represents a linear or branched alkylene group or a monocyclic or pol cycllc%%{cloalkylene group and
is preferaBI T HbthyRnIEIURIA] athgriisal grotas Brelbesy It iroupt atigiiarhiaiehd group or
a norbormymgrﬁgbt Abuepréesentad gmmaﬁmsenm&hy@w mﬁemﬁfommlaﬁ ﬂ:&&rél.i)igo}ﬂeﬁl-m).
The repegiing ynjt ?{A'aga?ﬁ%ﬁﬁ%’ﬂ&n%“éé%g‘ﬁgn‘é?%%ﬁ?ﬁl% 153 ISRty pub any. oplical isgmer may
be used. One optical isomer may be used alone or a mixture of a p(furallty ofeoptlcall ISOMmars may be

used. In the caselBfthfarife udinidy Gite Bt alis8Adel vin & igptichicpbairie (66 derarasini Prefardig 90 or
more, matasiseferaiiy85:88 MRasing the surface activity may be added in a small ratio. This

additive is preferably a liquid that does not dissolve the resist layer on the wafer and at the
same time, gives only a negligible effect on the optical coat at the undersurface of the lens
element.

Such an additive is preferably, for example, an aliphatic alcohol having a refractive
index nearly equal- to that of water, and specific exampies thereof include methyl alcohol,
ethyl alcohol and isopropyl alechel. By virtue of adding an alcohol having a refractive index
nearly equal to that of water, even when the alcohol component in water is evaporated and its
content concentration 1s changed, the change in the refractive index of the entire liquid can be
advantageously made very small.

On the other hand, if a substance opaque to light at 193 nm or an impurity greatly
differing in the refractive index from water is mingled, this incurs distortion of the optical
image projected on the resist. Therefore, the water used is preferably distilied water, Pure
water after further filtration through an ion exchange filter or the like may also be used.

In the present invention, the substrate on which the film is formed is not particularly
limited, and an inorganic substrate such as silicon, SiN, SiO; and SiN, a coating-type
inorganic substrate such as SOG, or a substrate generally used in the process of producing a
semiconductor such as IC or producing a circuit board of liquid crystal, thermal head or the
ilke or in the lithography process of other photo-applications can be used. If desired, an
organic antireflection film may be formed between the film and the substrate,

In the present invention, the film formed on the substrate is a film composed of a
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Specific examples of the repeating unit having a lactone structure are set forth below, but the present
invention is not limited thereto. (In the formulae. Rx is H, CH3, CH20OH or CF3.) In formulae
(Vila) to (Vile), each of R2c to R.4, independently represents a hydrogen atom, a hydroxyl group or a
cyano group, provided that at least one of R20 to R42. represents a hydroxyl group or a cyarto group.

ﬁ‘ ?’”“Ct“f%}@ﬁ%ﬁ@{}ﬁt%n%&ee %dt?\%ﬁi%PErPfa ﬁ%ﬁ%ﬁt]ﬁ%e‘?E‘%%%%?0&%%%%%}?’&“30%%%%%1”e!”9
eing a hydrogen atom is preferred. In formula (Vila), it Is more preferred that two members out of
R22 to RIZATEAMHHEYEIPY PO dECaprdthBNemibiri P AlfteB G Etomy or radifiofepeating unit
having a group repeesaiedhyamaneeéfamuaeddla) tee(Viddnslveess: reReating-unikiwhere at
least one 13to 12 '_ir%fgrmulaqgl-ﬁBél?%%&gl Btﬁehgs agroup re rese_nted by formula (VII) (fo_r
example;(%%%ﬁsz%% i€ ér&rygﬁ% f) BEENTE b@'a y%ﬁ]é)%%i%rﬁ?ﬁﬁge (Vila) to (VIId)), and repeating
units representediby thefolipalitmddmmtas (AN polpailididRl scRoRBCaR3cAWHiah(Alused (Al | c)(Al
I d) the resist composition of the present invention, 1s a resin having a group that decomposes by
the action of an acid to produce an alkali-soluble group (heremafter sometimes referred to as
an "acid-decomposable group"), on either one or both of the main chain and the side chain of
the resin (sometimes referred to as an "acid-decomposable resin”, an "acid-decomposable
resin (A)" or a "resin (A)). The resin is preferably a resin whose solubility in a positive tone
developer increases and which has a monocyclic or polyeyelic alicyclic hydrocarbon structure
and can increase the porality, increase the solubility in an alkali developer and decrease the
solubility in an organic solvent by the action of an acid (hereinafter sometimes referred to as
an "alicyclic hydrocarbon-based acid-decomposable resin"). Because, the polarity of the
resin is greatly changed between before and afier irradiation of an actinic ray or radiation and
when the resist film is developed using a positive tone developer (preferably an alkali
developer) and a negative tone developer (preferably an organic solvent), the dissolution
contrast nses. Furthermore, the resin having a monocyclic or polyeyclic alicyclic
hydrocarbon structure generally has high hydrophobicity and ensures a high development rate
at the time of developing the resist film in the region of weak light irradiation intensity with a
negative tone developer (preferably an organic developer), and the developability in using a
negative tone developer is enhanced.

Examples of the alkali-soluble group include groups having a phenolic hydroxyl
group, a carboxylic acid group, a fluorinated alcohol group, a sulfonic acid group, a
sulfonamide group, a sulfonylimide group, an (alkylsulfonyl)(alkylcarbonyl)methylene group,
an (alkylsulfonyl)(alkylcarbonylyimide group, a bis(alkylcarbonylmethylene group, a
bis(alkylcarbonyl)imide group, a bis(alkylsulfonyl)methylene group, a
bis(alkylsulfonyl)imide  group, a  tns(alkylcarbonyl)methylene  group or a
tris(alkylsulfonyiymethylene group.

The alkali-soluble group is preferably a carboxylic acid group, a fluorinated alcohol
group (preferably hexafiuoroisopropanol) or a sulfonic acid group.

The group capable of decomposing by the action of an acid (acid-decomposable
groups) is preferably a group obtained by substituting the hydrogen atom of the above-
described alkali-soluble group with a group capable of leaving by the action of an acid.

Examples of the group capable of leaving by the action of an acid include -
C(R36)(R37)Ras), ~C(R36)(R37(OR39) and -C(Roi )Rz )(OR3g).



In formulae (Ana) to (And), RK. represents a hydrogen atom, a methyl group, a trifluoromethyl group or
a hydroxymethyl group. R22 to R.42 have the same meanings as R2c to R in formulae (Vila) to (Vlic).
Specific examples of the repeating unit having a structure represented by any one of formulae (Alla) to
(And) are set forth below, but the present invention is not limited thereto. The alicyclic

hydrocarbon-basgd @ciddecompasable resin far pse jpd t.d | ayieentain .a repeating
unit represented by the fﬁlo%formula (\A?I): ¥ |%ﬁﬁ§%&%¥%€%é§sg}rﬁg %%J%’rﬁ 3N§(CIT)-.

R41 reprdAtda nggrsy et ot S o Bk Fr kot sraHm iy PYr 8l or - §ep:-R 451 rae Rpr&¥8ihnts an
alkyl groupmiieychaeiladcronipran doeamphes.residue. The alkyl group of R41 and R42 may be
substituted by a halggen gatom ferably fluorine atom). or.the like. ecific examples of the
apoating unm 1o b e B omen B e it
thereto. 00 ORiIkYL 21000 ©OHOSB2CRIGkY! erquecslfeyeliehydgsearbon-based

acid-decomposahig:resifecdisgoh e REesent jpverlinng preferablyGORaIns arepaaling gfﬂ&f@,aving
an alkali-soluble group, more preferably a repeating unit having a carboxyl group. By virtue B(
containint (S PSS G e Sitd FESoR N THErGHEEE i 1hE (b4gl SRIGHAING Eo A HEleEAb for the
repeatingueitgnawpng a carboxyl group, a repeating unit where a carboxyl group is directly bonded to

the resin main chpj, such esBRERIAO DAL BRYIEARIEOL B MENACY s At B reRsALing uni

where a carboxyl group Is bonded to the resin main chain through a linking %gj)up and a repeating unit
@

where a EXRENAEr60 IS ATHFHE QLS H i REFFARTAF BHEHE H BRI SR AR HY LS ApoNyRdfization
initiator ofcthain tansferaagentdfavingaa atkalbsalubldigraipdatthenpelymerizational-atgpraferred.
The Iinki?g group may have a monocyclic or polycyclic hydrocarbon structure. A repeating unit by an

acrylic acid or & methacrylic acid is more preferred.
The resin having a monocyelic or polyeyclic alicychic hydrocarbon structure and

being capable of increasing the polarity by the action of an acid (hereinafter sometimes
referred to as an "alicyclic hydrocarbon-based acid-decomposable resin”) 1s preferably a resin
containing at least one member selected from the group consisting of a repeating unit having
an alicyclic hydrocarbon-containing partial structure represented by any one of the following

formulae (pI) to (pV) and a repeating unit represented by the following formula (II-AB).

Rig

Ry R
| 112 Rig Ryg Ry Roa R3O
——--;3 ‘\‘ _(':_R?B _$_0~R15 / —+_J_‘H_RQ4
ST Ris Ry Rz Ras
(p1) (pI1) (p1 11 (p IV (p V)

In formulae (pI) to {(pV}), Ry represents a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl group or a sec-butyl group.

Z represents an atomic group necessary for forming a cycloaltkyl group together with
the carbon atom.

Each of Ris to Ry independently represents a linear or branched alkyl group having a
carbon number of 1 to 4 or a cycloalkyl group, provided that at least one of Ry to Rys or
either one of Rys and R4 represents a cycloalkyl group.

Each of Rjy to Ry; independently represents a hydrogen atom, a linear or branched
alkyl group having a carbon number of 1 to 4 or a cycloalkyl group, provided that at least one
of Rys to Ry represents a cycloalkyl group and that either one of Ry and Ry represents a

linear or branched alky] group having a carbon number of 1 to 4 or a cycloalkyl group.



The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention may further
contain a repeating unit having from 1 to 3 groups represented by formula (Fl). Thanks to this
repeating unit, the performance in terms of line edge roughness is enhanced. R53 R507? ¢ c-R54 R51\

R55 R52 ORXx (Fl) In formula (Fl) each of R50 to R55 independently represents a hydrogen
atom, a quorine rou d that at least orée of R50 to R55 is a fluprine atom or
an alkyl group w Iea 96n 6118 Béﬁ?ées‘*'ﬁ{ﬁ@nﬁﬁé’ B¢ RiBPng &g or bragahed

represe nl@l@hgmmgeﬁvam@m cm‘hnrmgmw gfou (preferapiivalk glcgdetecpropnkabiepiolestivengroup,

an alkyl c o r r ap alkoxy I éyl roup of
R50 10 ALS i b BatOLed By o S (o P R o b R A e
alkyl gro@‘?@ﬁrﬁfﬁably an alkyl group having a carbon number of | to 3, such as methyl group and
trifluoromethyl gro referred that R50 to R55 all are a fluorine atom. The organic group
represented by lz)ﬁ; prefer bly an acid-decomposable protective group, an alkyl group, a cycloalkyl
group, an acyl g , an alkylcarbonyl group, an alkoxycarbonyl group, an alkoxycarbonylmethyl
group, an alko>§y|\'hethyl gr p.ora 1- alkoxyethyl group, each of which may have a substituent.

The repeatrn“‘ﬂg‘m “a:vrrTg group represented by formula (F1) is preferably a repeating unit
represented by th f();Lowr 1éprmula (F2): Rx 4CH2-CF 2) 0=C

(11 —ABR)

In formula (11-AB), each of Ry’ and Ry’ independently represents a hydrogen atom,

a cyano group, a halogen atom or an alkyl group.

Z' represents an atomic group for forming an alicyclic structure containing two
bonded carbon atoms (C-C).

Formula (II-AB) is preferably the following formula (II-AB1) or (II-AB2):

Rﬂggi ng' 13 R’iil
R14’ Ris'
(I I —AB1) (11T —-AB2)

In formulae (II-AB1) and (1I-AB2), each of Ri3' to Ry¢' independently represents a
hydrogen atom, a halogen atom, a cyano group, -COOH, -COOR;, a group capable of
decomposing by the action of an acid, -C(=0}-X-A'-R,7, an alkyl group or a cycloalkyl group,
and at Jeast two members out of Ry3' to Rys’ may combine to form a ring.

R;s represents an alkyl group. a cycloalkyl group or a group having a lactone structure.

X represents an oxygen atom, a sulfur atom, -NH-, -NHSO»- or -NHSO,NH-.

A' represents a single bond or a divalent linking group.

Ri7' represents -COOH, -COORs, -CN, a hydroxyl group, an alkoxy group, -CO-NH-
R, ~-CO-NH-80,-Rs or a group having a lactone structure.

R represents an alkyl group or a cycloalkyl group.

n represents § or 1.

In formulae (pl) to (pV), the alkyl group of Ry; to Rys is a linear or branched alkyl
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0 -Fa -Fb Fcpi In formula (F2), Rx represents a hydrogen atom, a halogen atom or an alkyl group
having a carbon number of 1 to 4. Preferred examples of the substituent which the alkyl group of Rx
may have include a hydroxyl group and a halogen atom. Fa represents a single bond or a linear
or branched alkylene group and is preferably a single bond. Fb represents a monocyclic or polycyclic

hydrocar on,9roup, Fc.represent ingle bond or a linear or branched alkylene group and is
preferabl% a sgingﬁel%%%é%rpgnrﬁg %éﬁsé%f%z% F1 represents a group represented by formula (F1). pl

represents a numbit evdlaaligy! groupied Byclie Fydrerdrbercretunkiv Rborplefecblyy a/cirteibenty!

group, a GYGIoMREX 4 BEAURGN MRPTROMMERIR. or polSPRIHIC exampiRs:fihadenrating ynilfayving a
group represenfgd.b formula (Eg e sef forth below, but the present mvaptlon, is not limited thereto.
00 C F3C W BB CRREERS O 58 RFCHENE HdrGEATbed. B MR- REC o dBABILrEin for

use in thegpresent simerticnaméng fukther ldentarha repeitinghoriv havingantdlidyctic fiye focanben
structure gnd ok exipiting adid decamposabilty  Thanks,a s eRsaling pitdhe dissolving out of
0

low molecular components from the resist film e immersion ICIUid at the Immersion exposure can

be reduced. Exarh &6 thissamietinty ui ifcitiae KA greaRtyINGHEkh ) 48y ke naikyl saeidanyt
(meth)acpdatesanchgyclehexyl uetlyaesdate . ricytheialioydliebysracarkenchagaiicany! group,

acid-decoamn%ogal%lel resin for us ir‘ithl%‘g)resent ilrgveny n m% contaipd in agdition to the

above-described 1 pgg?% ﬁn?%,r\(/)a oud ?eap(’é%?lngesrfr%cf(ﬁrga triitsfor eé(}bu%%% 8fcocr}1?r}b€im"?’g]‘ dry

etching résitanceyswitakilitg tons tarittardedeve apevpaiierancl o dubssirhizovesistiprofile e,
propertieg,gRneratlytackired afitheresishosiich asHesalution peatiesistance ang, seRSitMYnty!
group, a tetracyclododecanyl group and a tricyclodecanyl group.

Examples of the substituent which the alkyl group and cycloalkyl group each may
further have inciude an alkyl group (having a carbon number of 1 to 4), a halogen atom, a
hydroxyl group, an alkoxy group (having a carbon number of 1 to 4), a carboxyl group and an
alkoxycarbonyl group (having a carbon number of 2 io 6). Examples of the substituent
which these alkyl group, alkoxy group, alkoxycarbony! group and the like each may further
have include a hydroxy! group, a halogen atom and an alkoxy group.

The structures represented by formulae (pl) to (pV) each can be used for the
protection of an alkali-soluble group in the resin. Examples of the alkali-soluble group
include various groups known in this technical field.

Specific examples thereof include a structure where the hydrogen atom of a
carboxylic acid group, a sulfonic acid group, a phenol group or a thiol group is replaced by
the structure represented by any one of formulae (pl) to (pV). Among these, preferred is a
structure where the hydrogen atom of a carboxylic acid group or a sulfonic acid group is
replaced by the structure represented by any one of formulae (pl) to (pV).

The repeating unit having an alkali-soluble group protected by the structure
represented by any one of formulae (pl) to (pV) is preferably a repeating unit represented by
the following formula (pA):

R
A
R _
A—T—O—Rp;
O

K
(pA)
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Examples of such a repeating structural unit include, but are not limited to, repeating structural units
corresponding to the monomers described below. Thanks to such a repeating structural unit, the
performance required of the alicyclic hydrocarbon-based acid-decomposable resin, particularly, (1)
solubility in coating solvent, (2) film-forming property (glass transition point), (3) solubility in positive or

negative tone deyelopet, {4} I k%fs%%%'a%%%?&é@ff’é&ﬁﬁi‘L?hQ%%&P&‘BB{%?gciiﬁé‘é?'iiée}a&éﬁe%oUIlo)1

(5) adherence of unexposed area to substrate L56) dry etching resistance, and the like, can be subtly
controlle@l<y] £reyR RAIE G HHEDRTLANIMEES R UdE ate b SURIRInG fohs Zemlitim B6IyATRSi2Able
unsaturatetthendiselesied dtagn acrylic acid esters, methacrylic acid esters, acrylatnides,
methacrylamidesAaII | comtoounds v{)nc}ll Qethers apd vinl}/l esters. .. Ptherftpan these, an

PR LCPICSEills 2 S];tﬂe%e e, OF g SOLIE OT0 07 % comat 1on of two or mgofe l"Our?é.
addition-polymerizabie unsaturated compound copotymerizable wi € monomers corregpo ing to
the abovectistustibethvhaqise gensing strocanrallunitse mraybetoopbiyraarized. thioethahgraliyelic
hydropar@gg@@%glﬁ%@%g@g@%@&rﬁgqlaot %H&'Q%ﬁ%&ﬁf@é@?&ﬁﬁ%ﬁ&%ﬁéﬁ@g‘% M@%unlts
contained is appropriately determined ,toggcg)jtro the dry etching resistance of resist, suitability for
standard HeR EfGHEr 2AAKEPEHEEY s BI5EtEE ¥¥kist profile and performances generally required of the
resist, such as reBpluttprgsheata gsistancs andisébsituifyone of rmpkefépiedhapibpdiment of the
alicyclic hydfocarPﬁé‘#ééﬁéeﬁ%9%9;9?%%@88&%%? "R 48 B %y%ﬁ% M’B}’fﬁt'z%%égﬁh mhe
followings: (1) a résin containing a repeatirig unit having“an alicycfic hydrocarboh-containing
partial stRSERRETE priisehted Biany BHHE8rBr e 1% BV Pside Siaky Wpadaprensrhpigtartesin

containingrawinei)aerylate repeating unit having a structure represented by any one of formulae (p1)

to(pv).and _ {2)aesin containing.a repeating unit represented by:formula (I AB).(maip chain
type). The resin 0 urtherincludes:™ 3) atesin having a repeating unit represented by formula
(11-AB), abslareiderthydrersnicarivetiveraindial (methdabeytate structure (hybrid type). In the alicyclic

hydrocarbon-based acid-decomposable resin, the content of the repeating unit having an
acid-decomposable group is preferably from 10 to 60 mol%, more preferably from 20 to 50 mol%, still
more preferably from 30 to 50 mol%, based on all repeating structural units. In the alicyclic
hydrocarbon-based acid-decomposable resin, the content of the repeating unit having an alicyclic
hydrocarbon-containing partial structure represented by any one of formulae (pl) to (pV) is preferably
from 20 to 70 mol%, more preferably from 20 to 50 mol%, still more preferably from 30 to 50 mol%,
based on all repeating structural units. In the alicyclic hydrocarbon-based acid-decomposable
resin, the content of the repeating unit represented by formula (11-AB) is preferably from 10 to 60
mol%, more preferably from 15 to 55 mol%, still more preferably from 20 to 50 mol%, based on all
repeating structural units. In the acid-decomposable resin, the content of the repeating unit
having a lactone ring is preferably from 10 to 70 mol%, more preferably from 20 to 60 mol%, still more
preferably from 25 to 50 mol%, based on all repeating structural units. In the acid-decomposable
resin, the content of the repeating unit having a polar group-containing organic group is preferably
from | to 40 mol%, more preferably from 5 to 30 mol%, still more preferably from 5 to 20 mol%, based
on all repeating structural units.
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The content of the repeating structural unit based on the monomer as the further copolymerization
component in the resin can also be appropriately selected according to the desired resist performance
but in general, the content thereof is preferably 99 mol% or less, more preferably 90 mol% or less, still
more preferably 80 mol% or less, based on the total molar number of the repeating structural unit
having an alicycli yglro arbonp-co aining artla ure represented by a for L%-F (p!) to
(pV) and the repefI JI%lng ugltmepI:eSentede BYresiiuta ( BfF ¢H I(E?#u %a%}fyd’sp r‘%"ﬁt b
compositiogepttdenpresumtiavisraionlifol Aifuphpvsge cirboesinnpreferably Has no aromatic group in
view of transparency to ArF light. The alicyclic hydrocarbon-based acid-decomposable resin for
use in the presen%ﬁnventlon is preferably a resin yvhere all repeaﬁﬁ units are cor?fbosed of a
(meth)acrylaf8basetrepeatin @‘ian;?%jtn this céde; repeatlﬁ%zmﬁilg‘may Uéiéth‘a"%éthacrylate based

repeating unit, allkarpacrylate-basedTepeating uni “dralla mlm-:fre @a‘amethach&tPMSed repeating

unit/acrylate- baséﬂRFepeatlng unit, bgjt the acEgT/Iate E%?ed repeat
In

un A preferabty—mfor 50
mol% or less of al ating Units The ydrocarbon- acid-deco resin is

lic
preferably a copolymer having a t three Iﬁf repeating units, that is, a (meth)acrylate-based
repeating unit having a lactone/ing;a (meth) te-hased repeating unit having an organic group
substituted by at least either a hydroxyl group or a cyano group, ahd a (meth)acrylate-based repeating
unit having an acig-decomposablergroup. Theuaopolymer IS pn:e:ferably a ternan?kcopolymerlzatlon
polymer (:Qp@ﬂmrigjtrom 201%9_@ % of med@peatgng unrt—tqamng:ap«allcyel%@ﬂrc—}——
hydrocarbon- c(g)ngalnlng partlal gLuthure represept by any one;g;‘cf%mulae (pl})tgc(%\xg from 20 to
50 mol% of the ;-".'i g_unit havrm a+actone str @ and from %t mol% of the repeating unit
having a polar grou 'tuted ai)c hydroca cture, or a quat rnary copzatlon
polymer further conta ing from 0O tp 20 mol% of other repeating units. In particular;-the resin is
preferably a ternary copolymerization polymer contglnlng from 20 t3 50 mol% of arl®

acid- decomposap}e group containipg repeating unit gepresented by ay one of the feltowing formulae

(ARA- 1) to from %@&n@% of a,l@@ﬁgaégyoup -cotaini eatrﬁgmmt%re}presented by
any one of the. foyowrng formulqe:@tRL 1) to (AR[3_6% and from 5 tg)__;’colrggollo of adeéetlng unit having

a polar group- subs licyclic @ 5’?0 arbon struc(g ne repr sentedob y one of the ,
formulae (ARH- 1?t (ARH ), or a (@@y copolymeyi n polymer further contai m@'y 5to
20 mol% of a repeating uriit having %ﬁrboxyl group or a structure represénted by formula (F1) and a
repeating unit having an alicyclic g carbon structure and not exhigiting acid decomposability.

(In the formulae, %xy, represents a hydrogen atom or a methyl group, a}n%d Rxal and Rxbl%each
represents ,a me _]rgroup or an e%roup) xyIR’i@ﬁy Rx O - CI;{Q;(a (,3 _TéRA i@?}é

O=~“(g3 Rxa

(== CRxa (==

%

f!
= t‘ T o~
e mﬁ Ow% oy
7

21 22 23 24 23

O—t’}_



HOHO ARH- 1ARH-2ARH-3 The alicyclic hydrocarbon-based acid-decomposable resin for use in
the present invention can be synthesized by an ordinary method (for example, radical polymerization).
Examples of the synthesis method in general include a batch polymerization method of dissolving the
monomer species and an initiator in a solvent and heating the solution, thereby effecting the
polymerization, and a dropping polymerization method of adding dropwise a solution containing
monomer species andra initiator to a heatedggolvent over 1 to 1®kours. A dropping polymerization
method is pre_f_e&ﬁijéagmles of the re@ﬁlgéshﬁent includBltatr@hydrofuran, 1,4-dioxane, ethers
such as diisopropyl’ether, ketones such as m%#@l ethyl ketone ar&@lethyl isobutyl ketone, an ester
solvent such as ethyl agetée ~an amide solvedt such as dimethylf@rmamide and dimethylacetamide,
and the later-describe®35givéqt capable of di ing the compoji;; of the present invention, such as
propylene glycol monom&ﬁ?l ether acetate, propylene glycol m ethyl ether and cyclohexanone.
The polymerization is more preferably performed using the same solvent as the solvent used in the
resist composition of fife present invention. By%he use of this solvéft, production of particles during
storage can be suppressed. The polymerization reaction is preferably performed in an inert gas
atmosphere suchtasmitregenthndaegon ansfof the polyRerizatiominitiaiior At e ipolydecrizhliomis

started ugipg 2.99MmeECily, avallahie radicalipisiatan g 9daz0-based initiator, peroxide). The radical

initiator is preferably an azo-based initiator, and an azo-based initiator having an ester group, a cyano
group or a carboxylgrotp EiRieHred. Brdrbried et S gttherimfacIEhalyb eroup having a

azobisisahtityronitife: razobisdithethylvaleronitrile and dimethyl 2,2'-azobis(2- methylpropionate). The

initiator is added itional parts; i [ rt mpletion_of.reaction, the reaction
product is cha}rge%l:ilglmtgtji){%3’21}1%;11ébll\éé:'{%{tg,}ja(r?fcri%(lagctfgiig?fil[?gl::;iiri é%gmaﬁg%%?éccgé%é‘g ;Eaakrrl]él%?g}:f S éﬁugs%%wder

or solid réREwEs;. Trikcredition CHRMEHEENG F 9 werA b b R hfers by dHs 1 018y d8vhass%.

The reactiostempaiaturgrisvesaialnfreamnke kbl pratarably fram:Bae1 146 maots Riaferably from
60 to 100C. Th?Iﬁ(ur&ficiatio nisy beelogrformedtt%%/ thetsame rrnet od as that for the resin (C)
described¥ate?, ARd a normai e 10c}r Of exampie- a %q%*? ﬁﬁﬁ’f& &Wraction method of combining
water washing witixampgpedphiatek sisleaniierreshioyel ie bidirakarbon ftersedrastigbenansonspbnents, a
purificatiqf ﬁ@%%ﬁc%i@%@%é@ﬁnﬁﬁ% R§ZQHVR%thf§@QHIRfl%Eﬁ§@@WQ removing only polymers

t

having a moleculgr weig Iowgrefr than a specijfic molecular weight, a reprecipitation method of adding

dropwise the resih$oftiilioh & f6orUsKi S ESHATRPthEPashiT the rsBreahvaht sdtHiraIRf

remove ré&idu’ain’gnmmmehsdamme e, iorfarpngiﬁb;dﬁo@m;ﬁmxma&@]id state, such as washi_ng of
the rosi sty wlih abatsolen alter sepaiation iAo DALOS SRR 5y e HEMRION

average molecular weight of the resin for use in the present invention is prefer )0 or less, more
preferab{PFEHCLOBE 5B E Hore SrBRYERE Trohe 2ot 6fRBGe1dHaYRE 6PRBIvst /e by the
GPC methest. Mvhemtheweaight avesage:maleaularouaight ofthe resindsSi8ateidesschedinaedge

roughness qf the resjst pattern is reduced. The dispersity (melecular weight distribution, Mw/Mn)

is prefera%allgc}lja. _736$é35$$%§%er%%e€a y s o(?qeesg;f sﬁ?%@% p%%era I@p}%‘% gg?esrg? Kiie 'érilétpersity

is smallereraestinie&dye fvuygineds 6Bthearssidepamsamitemoie rotitesgd of aTeppplakeanzaiore detail,
the resin fgfisgdncthesaresgnkiBventiny isdab apasia Baﬂ%%@iﬁgﬂﬁ hydreearben Sirycing and a
dispersity of 1.7 or less an%bel_ g c%?able of |ncheasmg the, polarit b(%(ﬁt e&%(inon of an acid, or (a2) a

resin haviiG S KGR RO ArBoAHh 6F S B e el SS e FRRTRETATRRIAUS! B8 or less
ar_ld bgingtna:pmialeepfemntehb'mgﬁh_erpmobé_nﬁwmmmé};ﬁinﬂimmﬁ#)an aci_d, preferably (a3) a resin having an
alicyclic hydrocarbgn steugtyig . gisrersity of 1 10rlgs5a0 ﬂ_%%%tdﬁ&e(ﬁ%gg?'ﬁ&@)%\ef&w of

6,000 or less and being capable of mcreasmg]t(he polarity by the action of an acid.” The molecular
weight caH 5 USAt e By ARS8 I ERMNETH DN SH Bidhe TARERTS Mt AbSraom a8 e dnfstint
added of fineniinifiatorogstiteridl isidaugersihermolecuanwigighidiecomes smaller. As for the control of
dispersity, a living.polysnerization method or t%e like disclosed in JP-A-z 004-22% 0 y be ysed, and
in acdtion, he cIEBRL A B b et By Sl s T Fr e R el el e
resin durif pretpieationniiabns aviHbsiziaspthemesiAon is ny eliekin fbesgsedaifivecraselasinvention,
by combining the weight average molecular weight and the dispersity in respective preferred ranges,
the line edge roughness can be more reduced. In the resist composition of the present invention,
the amount of all resins for use in the present invention blended in the entire composition is preferably
from 50 to 99.9 mass%, more preferably from 60 to 99.0 mass%, based on the entire solid content.
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In the present invention, one kind of a resin may be used or a plurality of kinds of resins may be used
in combination. The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention preferably contains no fluorine or silicon atom in view of compatibility with the resin (D). (B)
Compound capable of generating an a(:ld upon |rrad|at|on with an actinic ray or radlatlon The
resist com the presentin le of an acid upon
irradiation wi actinic rayse iati "photo-aci rator" or
"component ( The -acid generatorywhich can be y¥sed may be appr ely selected
from a photo- |n|t|ator for cati photopolymerization, a photo-initiator for radical photopolymerization,
a photodecolo%ﬁ agent for dyes, a photodisct¥oting agent, a krwh compound ug&d for microresist or
the like and capable of generating an acid upon irradiation with an actinic ray or radiation, and a
mixture thef Exa eof inc zonlum sphoniur ulfonium salt,
an iodonium an |m|dos te, an oxim onate a dm?one a (;'Q@%&;d an
onitrobenzyl sulf Alsqg,,a compound Wh_rgguch a group\&éé:@ﬁmpound ca &ple of
generating a d upon |rrad|[a1119n with an actmlgJ ray or radlatlo? is introduced intg;the main or side
chain of the p er for example, compounds described in U.S. Patent 3,849,137, German Patent
3,914,407, JP- A 63-26653, JP-A-55-164824, JP-A-62-69263, JP-A- (}3 146038, JP-A-63- 163452,
JP-A-62- rand JP-A-63-T46029, may be used: é Furthermo mpount%%dable of
generating id by the effecf 6f light described, for example, in U. nt 3,77 3

European Patent 1261712 may alsodee Yisg Out oflthe compou able of gene

acid upon irradiation with.an actinic ray or t|on prefemsed are the com%ounds represented by the
following formi{idé! (z1), (zI1) and"ZlIN): R201 X-R204 Zthmformula (Z1),[Ba¢h of R2016:RZ02 and
R203 ndependently represents an organic group. X- represents a non- nucleophilic anion, and

preferred thereof inclu te anion, e anion, Ifonypamide anion,
tris(alkylsulf ethide anion, 8E4~ =6" and SbFo". anion is prefe an organic anion
containing a cartion afgm. D‘

CHQC
% ﬁ ; a::oo——t——(‘
[T-16] [17-17) (11-18] [I1-19]
&j coo E:L CONHSO,CH; Oj =0

BN

5 9
[1I-20] [11-21] [5-22] H C{CHg}
[T-23]
© © o= =0
¥ 0, %9 :
i CHICH; OCHLCH, O\ C{CHa s oo o0
[T-24] 7 [I1-25] [1I-26] [11-27]
g g é OLO coo
coo—@ Ki/
OH
28] {11-2%) [7-30] _ S



The preferred organic anion includes organic anions represented by the following formulae: Rc1-S03 8
Rc1-002 0 Rc3S02 (r) Rc3S02 Rc4S02-1 (r) Re5S02 In the formulae, Re, represents an organic
group. The organic group of Re, includes an organic group having a carbon number of | to 30,
and preferred examples thereof include an alkyl group which may be substituted, an aryl group which

may be subst'tut%eagﬂcw{@4&&98&%%@%&9{4@%@ &%8%@&%5‘?9%?%9 W%gfh?&éﬂg'e

bond or a linking group such as™0-, -002- 3- and - Rd, represents a nydro

atom or éwamwrwﬁéfabfy F@é&#féﬁtﬁé&gm& anasteg ﬁh%é%é?ﬂé%ﬁf@ﬂﬁé&@ééﬁ%‘%ﬁwd%n}@ oup.
Preferredoigapiegiolips @flﬁiﬁand?ﬁéuaﬂﬁlel?@maaegf&&mara&,s @rﬂaﬂeﬂ@@aﬁaﬁearﬂﬁgﬁa&&% The
organic grou ng%rrl]ost e%%fe({abl%lha gerflugroalk%l 1é(_ler"(i)up ing a Sct?rb%)n numil:)e b densed

and Rc4 may com orm aring. iane group fo rmec?by comblnlng % © ifclt ggean
alkylene giu prmﬁhearﬁiagy‘ﬁéfn@tgr@up thndaperfi d@man@@r&ecgﬁbmp}mymg ﬁf@&ﬁb@n ntbsbesiof 2 to 4

is preferrg@ye refgﬁ%@r%rﬁcraf@é’!&@‘hﬁi%|c@ﬁgaﬁﬁ%t@ '%zR% %U%Hé%@ﬁ%ﬁ%%‘p%‘é&l&@ul@
with the osmon bein Hilu'[ed u¥8a fluorin tom or a fluoroalkyl group, or a phenyl group
Substitued &f}}a%%ﬁfé%f BP PRGBS ﬁo@b By irkiie of Having S S198ANE Sidn oS Mforoalky!
group, theracidity afdhebaclebgéneratedilpon ithadmtion whmmllghﬁmaageﬁeaﬂdlabmmmmtyes,

enhanced, Al3p.nnen 36] and Red Are coMAINALLIe e 2 fing, the @9@1h>§ k%@lagnﬂ gb%‘}eﬁét)ed

upon irradiation with Ilght Is raised and the sensitivity Is en anced er of'the
organic gitipldsiRA, RBYYEhis R@@?}%@eﬁ%ﬁvf}%«f%wietétw!ﬁféf%ﬁwefr%@ﬁq teuiiness anflyo
membersiew ohii2@ 1i9R208 imayeembine to form a ring structure, and the ring may contain an
oxygen atom, a sulfur atom, an ester bond, an amide bond or a carbonyl group Examples of the group
formed by combining two members out of R201té2R203 inEfide an alkylene Gotp (e.g., butylene,
pentylene) 9 Specmc ex ;

ii:j:w::F“*(ha)ﬂz

LCL-1 LC1-2
Eszlﬂz (
\\O < g L n
LCl6
LCl 7 Lm -8 1.C1-9 LCi-10
(sz)ﬂz (sz)ﬁQ (%bz)ﬁz (RbZ)nQ (gbg}nz

_
| . O ‘
A>{Rb2)rl2 (Rbaing /
P iRsRumes

o O O// O ]
1111 LC1-12 1.Ci-13 L.Ci-14 1LCi-15
0 O
(Rbajriz
\volo
LCl-1s
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The compound may be a compound having a plurality of structures represented by formula (ZI). For
example, the compound may be a compound having a structure where at least one of R20[ to R203 in
the compound represented by formula (ZI) is bonded to at least one of R201 to R203 in another
compound represented by formula (ZI). The component (ZI) is more preferably a compound
(Z1-1), (21-2) or (Zh3)1desaEhedibglovmoicty RS GPMARAURS: (Fivb) iS:aBAtvisH Tty copEuad
where at least pne of R20 toRZOj%{?j falinula ( I)ﬁﬁkan aryl group, that is, a compound having an
arylsulfoﬁmpfgstﬂg 1B stituent{ha) ARGILGR AR A LoRRPRIHAY RO G 1 t6PRD BB THEY b&dh aryl

group or & @adiof R20Ipth-R2G3may dermmary| @réup Witnthiksemaininghhelng anatod groupor a

cycloalky, t i inclpde a triarylsulfonjum compound,
a diarylaijkfgl{sol%%ﬁiﬁrrlnacﬁgér% ound?}glngggér%kgﬁigﬁgl#gﬁgﬂgﬁ%@éﬁnﬁ?g é?a%l%%%géﬁﬁﬂs%ﬁ%ﬁm%%
compourit 8 aAtBEARCPSIHIKYIsaSHIuh EBAIBoBHIP 2ndTRR AP GRAMFIPPHSEIarZRsIIfonitm

compoungpis-qieferabiyiananf greup. suehas hanyh gresAad Nap0uR, 1ok.aketeroary! group

such as indole residue.and pyrrole residu re preferably a phenyl gr or an indole. residue. In the
case whéfe thé’ 3Fy¢éufﬁ56ﬁ}hpr%05no Mpo n%%é?%@o%g r%%?e ﬁ}vgg%%f ?%Ue%é’ Wgegﬁsrﬁgig afytgroups
may be thenganterathdiffehanher to otre allkyigroup which is present, if desired, in the arylsulfonium
compound is prefsraliy & lipeanorRrRached Al LGRMRINAVING. & ¢arRa: AYMberof & Qi lnand
examples thereof include a methyl group, an ethyl grou&qa propyl! group, an n-butyl grou%ra sec-butyl
group andHSFEBLHY B Fe © W&%o@f@l"&?o@p( i At3if HESEEd, Wne R SIfonium
compounehis pnefef&hlya Bycloalkyhgiaufl -HeRinga@abb)riunberaf3tpkband examples fiereof

include : C angd a gy yl group. The aryl group, alkyl
group a%&)é{ﬁ{cﬁlgﬁl%k?gﬁrﬁ? 88?@2%18 %%JZ gﬁlel %ﬁ gﬁa?%h%%% It%é r&lgtﬁ%ﬁf? 3%%&3/?8 O?ere (for
examp|e9§#gﬁwa§rﬁu@hghrﬁgﬂa®aﬂ®h M bEPSAYE 1)t Eepjrseid byrBupfoibr sivanipteude
cycloalkylggreup having a carbon number of 3 to 15), an aryl group (for example, an aryl group having
a carbon number of 6 to 14), an alkoxy group (for example, an alkoxy group having a carbon number
of 1 to 15), a halogen atomb hydroxyl group or a phenylthio group. The substituent is preferably a
linear or branched alkyl grpup having a carbon number of 1 to 12, a cycloalkyl group having a carbon
number of 3to 12, 9 ot hnear; branched or cyaélii@ El}oxy group having a carbon number of 1 to 12,
more preferably an alkyl gfoup having a carbon number of 1 to 4 or an alkoxy group having a carbon
number of 1 to 4. The sut;ijal@m,rm;be gubstituted to any one of three members R201 TO R203 or
may be substituted to all of these three members. In the case where R201 to R203 are an aryl group,
the substituent is preferably substituted at the p-position of the aryl group. The compound (Z1-2)
is described belo.{FhautompDURG(£b2)is@ sampeued wbereaaabehR204 o R208dn fosmwla (Z1)
indepenql%ggl%rg rgg&p}%%%&rgmaﬁi&ring-free organic group. The aromatic ring as used herein
includes an aromatic ring containing a heteroatom. The aromatic ring-free organic group as R201
to R203 generallj'kéxgtexpoiviss mibde susts 80! proferabiyafiforataen2d Rby nExdlaof Rodeo R203
is indepengendy-prefenatiyen aliod arewes a cycloalkyl group, an allyl group or a vinyl group, more
preferably a linear, branched or cyclic 2-oxoalkyl group or an alkoxycarbonylmethyl group, still more
preferably a Iinezlih r gﬁ%ﬁ@@?&?ﬁﬁ)}flﬁ“ﬂ% 7 ﬁugﬁig R0 GrSUH HERBO 8 BT APBE either

linear or brdnchedimnetimzludes a linear or branched alkyl group preferably having a carbon number of

1to 10 (e.g., memliigg}g[ﬁep‘{ggyé, Wg@?%{ﬁr J@ﬁgyﬁgﬁ%a R201 to R203 is preferably a

linear or branched 2- oxoalky! dgroup or an alkoxycarbony y I%Egup. . The cycloalkyl group as
R201 to R203 inéHidE8 7 oAl RMIZF i Prefe Albrmavitgur carbival mimbing stendiaige @
cyclopeniybnoyglokexylpaigtheity Biidheicyoldalksytigroum-asiR20dnteRa08 inprefewably ar-eyglia

2'Oxoalk¥£1%@n%9'group, or a divalent group formed by combining these groups and is preferably a

single bond or a linking group represented by -Ab;-CO;-.  Ab; represents a linear or
branched alkylene group or a monocyclic or polyeyclic cycloalkylene group and is preferably
a methylene group, an ethylene group, a cyclohexylene group, an adamantylene group or a
norbornylene group.

V represents a group represented by any one of formulae (LC1-1) to (LC1-16).

The repeating unit having a lactone structure usually has an optical isomer, but any

optical isomer may be used. One optical isomer may be used alone or a mixture of a
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The linear, branched or cyclic 2-oxoalkyl group as R201 to R203 is preferably a group having >C=0 at
the 2-position of the above-described alkyl or cycloalkyl group. The alkoxy group in the
alkoxycarbonylmethyl group as R201 to R203 includes an alkoxy group preferably having a carbon
number of 1 to 5 (e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy). R201 to R203 each may be

further S%%%%ﬁ’t‘ggfbcyﬁﬁ&?ﬁgﬁ%ﬁ 80 AKX drarP Hor 8%%15&8&%&&g_ﬁgéx}g{ﬁaﬁ%ﬁ%@afbon

number 0f 1 to 5), a e()édroxyl group, a cyano group or a nitro group: e compoun is a

compourfitPisprE8EftdaD eI IMRIE RN UIOZN S ARt s P sumacRaving a

PféenaCWSUlfoniUHpé@m@HM@xék%&s ofRAe repeatﬁﬁg(lilf(ﬁﬁlklﬂﬁ\fﬁfgw l@c&lghé?%tféﬁﬁeoi@ be&?ﬁﬁ’ﬁ? below,
independently represents a rogen.ato n alkyl group, a cycloalkyl group, an alkoxy group or a
halogenq::)&'ct)rgf%(.e P eseﬁ%aghv%}?t% ,13%8t%{§1dd%16reer§ ently represents a hydrogen atom, an alkyl group or
a cycloalkyl groupin the f@avhast Rx énd. Rylindépéhdentlylrepresents an alkyl group, a cycloalkyl
group, an allyl group or a vinyl group. Any two or more members out of RL, to R7,, and a pair of
Rx and Ry, ma§xcombine with eact other to form aﬁ%g structure, respéctively, and th%xring structure
may contairsanexygen atortca,sulfdr atom, ah@stey-tond or an-&ffide bond. Exafaplesiof the group
formed by combiriing any two or nJere members out/efRI, to R7c. or a{Fdir of R" and Ry“include a
butylene grouptand a pentylene gfoup. X- représents a non-nuclepphilic anionw‘a‘ﬁhr_dﬁexamples
thereof are th as those of non-nucleophitie.anion of X- in formula (ZI). e group
as RI, to R70m linear or b hed and includes, for example, afinear or branch%%%ﬁl&l@roup
having a carbon number of 1 tooéo, preferably a linear or branched al roup having a carbon
number of 1 to 12 (such as methyl group, ethyl group, linear or branched“propyl group, linear or
branched butyl ggﬁ)(up and linear og branched pentyl,group). The cygloalkyl group as#Rl, to R7c

9

includes a cyclo | group preferably havin carbbn number of 3 to 8l(e.q., cyclg t clohexyl).
<yl roup prfersby ing 2 aon number 31056 olpsgl yeoney)
N C=0 C=0 C=0 =0
| ! L l o
i o O o}
0P ° -
ogie
_ ~+CH— ~+CHy—C— ~-CHy—C—— ~+CHy—C—
TrCH E:é_ C et c=0 <:3=o " et
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The alkoxy group as RI, to R5¢c may be linear, branched or cyclic and includes, for example, an alkoxy
group having a carbon number of 1 to 10, preferably a linear or branched alkoxy group having a
carbon number of 1 to 5 (such as methoxy group, ethoxy group, linear or branched propoxy group,
linear or branched butoxy group and linear or branched pentoxy group), and a cyclic alkoxy group
having a carbon numberat3ie:-8Ke - HeYalRpentyioMysygiohexyloxy). A compound where any
one of RI, to R50 is a linear or branched alkyl group, a cycloalkyl group or a linear, branched or cyclic
alkoxy group is;preferred, ang,a compoundgywhere the sunqxof carbon numpers of RI, t@R50 is from 2

to15is m p eferred. h nks.to thls nstruction, s bility i |n a solvent |s nhanced and
generatlo p%f%les J%Jrrll'ﬁg%(st rage ﬂ %#{LJESsed_]éEﬁ e alkyl gréu% SR, a gg % the same as
the alkyl group@f l, to R7c. he alkyl gro as R and R is eferably Ilnear or br

2-oxoalkyl group, alkoxy ylmethyhgrt cIoaIkyI Rx a is the
same as the cycl@l group o to R70.- cIoaIkyI g as Rx an /is prefer cyclic
2-oxoalkyl group.© The Imeé‘?—lﬁranched lic 2-oxo0 roup incl a group >C=0
at the 2-position of th&alkyl group o?’cycloalkyl gr8up of R10 to R70. The Slkoxy group i the
alkoxycarbonylmethyl group is the same as the alkoxy group of RI, to Ric. and Ry each is
preferably an afkyl group havifrg a carbon rf[iéfmber of 4 or mor *more preferably 6 rRF‘nore still more
preferably-@i@r- . -cin-formulaeiiyand (ZIN), eaéﬁ*@rm4 to R207 md@ﬁeﬁ&jently represents
an aryl group, T@Ikyl group ¢ @ cycloalkyl}gtoup The ar c='grou of R204 to R is preferably a
phenyl group ot:a naphthyl group, more prefer %‘/Pa phenyl g Igr R204 to
R207 may be lindar o branche includes a linear rbranched afk referably/having a
carbon number 10 (e.g7; methyl, ethyl, propyl, l, pentyl). IoaIkyI R204

to R707 includes 8 cygloalkyl gr%up preferably having a cayrbon number of 3 to 10 (e.g., cyclopentyl,
cyclohexyl, norbomyl). R204 to R207 each may have a substituent. Examples of the substituent which
R204 to R207 ggch may have ggclude an al roup (for examme, an alkyl grouprraving a carbon
number of | to 1 ),\ a cycl ﬁg{hyl r up (f%gxgiggle a cyclo%{lql g_cy_p haV|ng€@§_paébQ_n number of 3 to
15), an ary g’#b or exa pfe aryl grou ving a carbon nhg@;ber of6tol ) p, alkoxy group (for
example, an al xy group haV| a carbon ngmber of %6%15) achalogen atom, a ;Ldroxy roup and a
phenylthio grou X- repre non-nu oﬁa |c anion an uﬁhe same as't e non-gucleophilic
anion of X- in for @1 @ the compaunds capable of &ting ayp irradiation
0

with an actinic ray opfadiation, pr ed compcﬁmﬂg further include compounds represented by

the following formulae (Z1V), (ZV) and ZVI) SO2 Ar3 S02 S02
ArdR208-302 OzN AR210R209 Rx R R
+CH, 9:—}_ 46&-:2“61:% ~CHy t’m %Cch’“«:~
O
H i‘( 7
m 0™ /O % OH O ey
Rx R
%cnye*% -GCHQ—C—}— ~CH,- é—*— “{CHly é—}—
Yo S s
0o 0 o
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ZIV In formulae (ZIV) to (ZVI), each of Ar; and Ar4 independently represents an aryl group. R208
represents an alkyl group or an aryl group. Each of R709 and R210 independently represents an
alkyl group, an aryl group or an electron-withdrawing group. R208 is preferably an aryl group.

R209 is preferably an electron-withdrawing group, more preferably a cyano group or a fluoroalkyl
group. A represe(iisianfatioiense RrouH aNFKERyeRE@IORR or an arylene group. The compound
capable of generating an acid upon irradiation with an actinic ray or radiation is preferably a compound
represented by any one of formulae (ZI)_to (ZIlI). The compound (B) is preferably a compound
capable of generatlﬁij a fluorine atom- c&’italnlng allphatlc sulfo i‘c acid or a fluprine atom-containing
benzenesu}feq%aemﬂ}rpon wradm{t@j‘mgwﬁh—fan actinic raWo@ﬂ*!am . The (:crr‘ﬂé’dl‘}:rﬂi§£ referably
has a trlphenylsulfomn structure. compound (B) is preferably a triphenylsgifénium salt
compound having a&fluorine-unsubstitut aIkyI or cycloalkyl gr@up-in the cation moi

Particularly prefer, xamples out of Wunds capabl Onerating an aci
e

on irradiation
with an actinic ra diation are set low

]
o
I d
Rx R ?X RX
—QCHQMJ: w{»Qqué;%- —foH—¢ ”‘LCHT‘Q”}"
5 ’==O =0
cb 0 ¢ ‘5
:ﬁﬁ ‘%@( HCOC
- s) ]
O 8]
Rx FE{X B
el mcgwim —LeH *{-CHgmé—}— —\LCHQ—é—}—
hdie *zé %O amo 0
&

HO \/k MeO H3COZSHNOC
OOC [ -
o
/ O

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention preferably has a repeating unit containing an organic group having a polar group,
more preferably a repeating unit having an alicyclic hydrocarbon structure substituted by a
polar group. By virtue of this repeating unit, the adherence to substrate and the affinity for
developer are enhanced. The alicyelic hydrocarbon structure of the polar group-substituted
alicychic hydrocarbon structure is preferably an adamantyl group, a diamantyl group or a
norbornane group. The polar group is preferably a hydroxyl group or a cyano group.

The polar group-substituted alicyclic hydrocarbon structure is preferably a partial

structure represented by the following formulae (VIIa) to (V1id):

i
i
Rsc Rsc R c*
? @Rm 2 R4c : ’E'RZ@C m@\CN
RSC RgC
R-c

(Vila) (VIIb) (VIIc) (V11d)
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(z50)(z51) 0's-C121-1250(z52) FFF9 s+-03SHISN3FFF\ (z63) FFF9-03s1isNOFFF6
(z64)

In formulae (Vila) to (VIic), each of Ry to Ry independently represents a hydrogen
atom, a hydroxy! group or a cyano group, provided that at least one of Ry, to Ry, represents a
hydroxyl group or a cyano group. A structure where one or two members out of Ry, to Ry,
are a hydroxyl group with the remaining being a hydrogen atom is preferred.

In formula (Vilia), it is more preferred that two members out of Ry, to Ry, are a
hydroxyl group and the remaining is a hydrogen atom.

The repeating unit having a group represented by any one of formulae (Vl1la) to
{V1Id) includes a repeating unit where at least one of Ry’ to Ry¢' in formula (11-AB1) or (1I-
ABZ2) has a group represented by formula (VII) (for example, Rs of -COOR; is a group
represented by any one of formulae (Viia) to (VIId}), and repeating units represented by the
following formulae (Alla) to (Alld):

R‘FC Rﬁ: Rq@
/AP’ Rac /V\P - /(/\P/
coo—{;gg Coo Coo
RSC
RQC RQC RQC R4C
RAC
Rgc
RSC ‘ ‘
(AT 7Ta) (AT1b) (ATIc) (AT 1d)
In formulae (Aila) to (Alld), Ry, represents a hydrogen atom, a methyl group, a

R-}C

coam{iZLCN

A

trifluoromethyl group or a hydroxymethyl group.
Ra. to Ry have the same meanings as R to Ry in formulae (Viia) to (Viie).
Specific examples of the repeating unit having a structure represented by any one of

formulae (Alla) to (Alld) are set forth below, but the present invention is not limited thereto.

OH ‘(,\Q,OH
SO GRS GRS (RS S
0™y 07N 0™ 0™ © o 0™
o D D o Hon [ on
HO HO HO HO HO HO

OH OH

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
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FFF9-03s | s0FFFO (z65)(z66) /C2F5 0:S:00N 0100 ITici 8 C-S-C2Fse c-s-c2F, S) o,s.to8a 0,sro
118 e2F562F5 (z78) One of these photo-acid generators may be used alone, or two or more kinds
thereof may be used in combination. In the case of using two or more kinds of photo-acid generators in
combination, compounds capable of generating two kinds of organic acids differing in the total atom
number excep}.for hydrogen atom by.2 or more are preferabl bine T ntent of the
photo-ac%1 \éeégr{\ié)%%éscg%g%nrgtgﬁ??ro%go‘.nf 9 er%ear%%%bg,yrﬁ%%ei%g%%‘%? g‘%ﬁ% 10 mass%, still
more preferably from 1 to 7 mass% based on the entire solid content of the resist composition. (C)
Solvent

(VI

In formula (VIII), Z, represents -O- or -N(Ry4y)-. Ry represents a hydrogen atom, a
hydroxyl group, an alkyl group or -OS0»>-R4p.  Ryp represents an alkyl group, a cycloalkyl
group or a camphor residue.  The alkyl group of R4y and R4y may be substituted by a halogen
atom (preferably fluorine atom) or the like.

Specific examples of the repeating unit represented by formula (VIII) are set forth

below, but the present invention is not limited thereto.

o C

OH 08 0,CF, o p— !

Qi

The alicyelic hydrocarbon-based acid-decomposable resin for use in the present
mvention preferably contains a repeating unit having an alkali-soluble group, more preferably
a repeating unit having a carboxyl group. By virtue of containing this repeating unit, the
resolution increases in the usage of forming contact holes.  As for the repeating unit having a
carboxyl group, a repeating unit where a carboxyl group is directly bonded to the resin main
chain, such as repeating unit by an acrylic acid or a methacrylic acid, a repeating unit where a
carboxyl group is bonded to the resin main chain through a linking group, and a repeating unit
where a carboxyl group is introduced into the terminal of the polymer chain by using a
polymerization initiator or chain transfer agent having an alkali-soluble group at the
polymerization, all are preferred. The linking group may have a monocyclic or polycyelic
hydrocarbon structure. A repeating unit by an acrylic acid or a methacrylic acid is more
preferred.

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention may further contain a repeating unit having from 1 to 3 groups represented by
formula (F1). Thanks to this repeating unit, the performance in terms of line edge roughness

is enhanced,
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Examples of the solvent which can be used for dissolving respective components described above to
prepare a positive tone resist composition include an organic solvent such as alkylene glycol
monoalkyl ether carboxylate, alkylene glycol monoalkyl ether, alkyl lactate, alkyl alkoxypropionate,
cyclic lactone having a carbon number of 4 to 10, monoketone compound having a carbon number of
4 to 10 which may congain a ring, alkylene carbonate, alkyl alkoxyacetate and alkyl pyruvate.
Preferred example\sqoft Ikylene glycol monoalkyl ether carboxylate include propylene glycol

r

monom §Id-:‘the cetate ene gléﬁﬁonoethyl ether acetate, propylene glycol monopropyt
a

ether acetate, prapyfen col monobu r acetate, propylene glycol monomethyl ether
propionaﬁ@qene\gﬂycol oethyl ether propionate, ethylene glycol monomethyl ether acetate

and ethylene glycpl monogthyl ether acetate. Preferred examples of the alkylene glycol monoalky!l
ether include prépydne glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol
monopropy! ether, propylene glycol monobutyl ether, ethylene glycol monomethyl ether and ethylene
glycol monoethyllethernula (PrefeasdddxBmpledof theaikyltattateeinchedts mdihigidactatsomsthyl

Iiﬁta}tg, ﬁﬂé@@ﬁh@a%a;ﬁ @tngnbg 1'3355@&% mi&é’&e{ﬁfe%@ ﬁé@&ﬂlﬁﬂ{{ép@o@@g@'ﬁqziy(ﬂﬁﬁfié’t{%ﬁf%}”c'llde
ethyl 3-etboxypropionate, methyl 3-m xypropionate, methyl 3-ethoxypropionate and ethy
3-metho>§\?pﬁi¥[ogfé’ﬂé¥.’ with %ﬁgﬁ?@ﬁ%%gfﬁﬁfé’sa&?% R YIRS RRANG Y B BB number of 4 to 10
include P-propiol&ctongrpstttyralabidnegarbatygrolactone, crmpaihyl-yrbutyrolacionsly an acid-
p-methyl- I ne, V- 0 ne,.T r one, V- [ one and.a-hydroxy-y-
butyrolac%%%gﬁg&%gresfgﬁ%g gaér?%%’s%% tﬂg?rg(%o ’t%ne¥é:2%g% r?%l %18 \7#%1 agl‘géf?t%ﬁgr% uorr;:bxenr of 4 to
10 which?H85 GHRaRY h&iPPinclude 2-butanone, 3-methylbutanone, pinacolone, 2-pentanone, 3-
pentanone, 3-metnd-Axenianpre ety B-pehianpaeuzastyi3deentanane: 4.4uorine), a
dimethy152égentanonef 4-§jki;meth&11§-]3 B nltanone,.22.4.§-tebtfamet 113-Pentai{|one. 2- hexanone,
3-hexanGia S Koy Tt 4 e dARORE Soh e ne. . eBARBRG A haHtEhSre i Hidify A S Hltanon

e. 5-mettyimbdnepthtofes 6 adimeshhl graupeprdmofeoRwethnbaei® - octanone, 2-nonanone,

3-nonanone, 5-nONANRBRRAEEARANG B dananenaidsdgeanane, 5- hexen-2-one, 3-penten-2-one.
cyclopentanone, 2-methyl cyc | opentanone, 3- methylcyclopentanone. 2.2-dimethylcyclopentanone.

2.4, 4-trimethylcy c TSpEREARORES By ERBRERAHEhBY 3 ERYRIGHBReX A6 AT BISERSne,
4-ethylcygiotexanonky?2. 2raimethyleyoldkeikamone, 2;6-gliyiethyiipycliohdxdnareny! group, an

20 estyiarishe i ASRe0Rn IRl RIS o s

3-methylcycloheptanone. Preferred examples of opylene

carbonat® XomyEhe SEorad dhyiEieearieate 3RatBitHene carbonate. Preferred examples of the

alkyl alkoxyaceta®hinebydetZsmethokyethyl acetate, 2epethoxydthyl acetait, 2H2rathewrihpxy)ethyl
acetate, 3€-rrég%hox¥-3-methé/lbut gaggéai_t& and 1- ﬁeth?géﬁ-propyl acetate. Preferred examples

of the aIkrylppyrﬁl\gatglfnrgﬁfgemrﬁce hyl pyruvé g‘,fl eth r|cr)][3l/]’riuv te) and propyl pyruvate. The solvent

which can be preferaﬁ?yiused is a solvent having a boiling point of 130C or more at ordinary
temperatg_r%l@eaf/__g_g_ ospheric pressure, and specific examples thereof include cyclopentanone,
y-butyrolac cloliexanone, ethyl lactate, e(tiy‘leﬁe) glycol monoethyl ether acetate, propylene
glycol monomethyl ether acetate, ethyl 3- ethoxypropionate, ethyl pyruvate, 2-ethoxyethyl acetate,
2-(2-ethoxyethoxy eth}/l acetate and propylene carbonate. In the present invention, one of these

solvents may be use@%m%o{.@é‘a@rpﬁrﬁ? thereof may be used in combination.

In formuia (F2), Rx represents a hydrogen atom, a halogen atom or an alkyl group
having a carbon number of 1 {0 4. Preferred examples of the substituent which the alkyl
group of Rx may have include a hydroxy! group and a halogen atom.

Fa represents a single bond or a linear or branched alkylene group and is preferably a
single bond.

Fb represents a monocyclic or pelyeyclie hydrocarbon group.

Fc represents a single bond or a linear or branched alkylene group and is preferably a
single bond or a methylene group.

F) represents a group represented by formula (F1).
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In the present invention, a mixed solvent prepared by mixing a solvent containing a hydroxyl group in
the structure and a solvent not containing a hydroxyl group may be used as the organic solvent.
Examples of the solvent containing a hydroxyl group include ethylene glycol, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, propylene glycol, propylene glycol monomethyl
ether, propylene glyeglsnienogtnyhetierand ethyl lactate. Among these, propylene glycol monomethyl
ether and ethyl Iaﬁate are [ﬁref{erredﬁ Exam%%les %the solvent not corgtainin a %droxgl r%ug include
propylene glycol TDRERIGUYT A SBAND S At ron e OBREBRABIE: o BLriPBaone,
cyclohexamonebutylbostdterdNgmethylpyrrolidone, N.N-dimethylacetamide and dimethylsulfoxide.
Among these, pregylepe &mieg%m@}%ﬁmgrﬁ@femng%x‘aﬁpﬁgﬂ&@f&wgy SNGRIANADE,

y-butyrolactone, cyclohexanone and butyl acetate are preferred, and propylene glycol monomethyl
ether acaT&tE" Y SHBky BHOBISRIRS AN PO HUR AR SRk HFE FiGBPPi8terred.  The mixing ratio (by
mass) between the solvent contaliithg a hydroxyl group aimtl the solvent not containing a hydroxyl
group is from 1/99 to 99/flé:££qef§r Mirom 10/90;t /10,'more preferably from 20/80 to 60/40. A
mixed solventipn which th vent not containin‘géa dro I'gt)up is contained in an amount of 50
mass% o is preferred iy wiew of coating uniforngity: ¢ The solvent is preferably a mixed
solvent of two Qéeﬁi(inds of salvents including propylenie g I monomethyl ether acetate.

The entire solid con concentr&tiorn in the resist compositigh is generally from 1 to 10 mass%,
preferably from 1468.0 mass%, mo fefably from 1.0 to 5:5%%. (D) Resin having at least
either a fluorine atom or a silicon atom —THE resist composition e present invention preferably
contains (D) a resin having at least either &Hyorine atom or a silicdragom. In the resin (D), the
fluorine atom or sjlicon,atom may,be present in the majin chain of the resin.or may.be substituted to the
side chain. | TRE RUGHCS) 15 BFGFATAB, S eSS TRUSHHe Sof-Lontaiiy QkyPaitb, a
fluorine atorertontaimingutictoaikydigreuprertanfiuoninbaiom woatainilig Ardrgretprasadiucrine!
atom-corH@e@mmam@éaﬁ%w&posabﬁﬁq;? flygnne atorconaining alkyyaron (Rrsietahlyaying a

carbon number of 1 to 10, more preferably from 1 to 4) is a linear 6r branched alkyl group with at least

one hydrBYRFF BEH BRIGLib SR ABeTy SShidm e e PIRITRRY HASH Hi B UPHeR SHBtHTFent.

The fluorine denedontdining:eyatiadkyifgtivpriseathanasyiclimorgelycydieeyecldalky ot wih at

least one_hydr, i ti fluorine,atom and may further have another
%JPX?J&%%%%&?{E@%&Q&%HQ% &H?&E’%&% mgt}%acr%%te.

substituent. Jorine atom-containing ar oupis an aryl group (e.g., phenyl, naphthyl) with
at least one hydrd§énakitsislibeligsispsinutbersy adidinararessRiadrealy forthee Haviharrmsent
substituementionSpeifisrexamples gtihie MuGHNS Gfemccontaln RGalkboiaHp, Hesinerepeating
atom-containin cloalkyl group and fluorine afom-containing aryl.group are set forth below, but the
present | rS:t\‘.}'%% ‘ilg%fénﬁtost%(ﬁ%’] I%ae 7 ;{E@%%% -0 contrgfgng ry et&m‘cijg ré/SLgtancg, sultaglhty or s’tandarc!J
developer, adherence to substrate, resist profile and properties generally required of the resist,

such as resolution, heat resistance and sensitivity.

Examples of such a repeating structural unit include, but are not limited to, repeating
structural units corresponding to the monomers described below.

Thanks to such a repeating structural unit, the performance required of the alicyclic
hydrocarbon-based acid-decomposable resin, particularly, (1) solubility in coating solvent, (2)
film-forming property (glass transition point), (3) solubility in positive or negative tone
developer, (4) film loss (selection of bydrophilic, hydrophobic and alkali-soluble group), (3)
adherence of unexposed area to substrate, (6) dry eiching resistance, and the like, can be
subtiy controlled.

Examples of the monomer inciude a compound having one addition-polymerizabie
unsaturated bond selected from acrylic acid esters, methacrylic acid esters, acrylamides,
methacrylamides, allyl compounds, vinyl ethers and vinyl esters.

Other than these, an addition-polymerizable unsaturated compound copolymerizable

with the monomers corresponding io the above-described various repeating structural units
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In formulae (ft) to (f3), each of R57 to R68 independently represents a hydrogen atom, a fluorine atom
or an alkyl group, provided that at least one of R57 to 125,, at least one of R62 to R64 and at least one
of R6,5 to R68 are a fluorine atom or an alkyl group (preferably having a carbon number of 1 to 4) with
at least one hydrogen atom being substituted by a fluorine atom. It is preferred that R57 to R61 and

R65 to R&Zf‘ﬂe %@I%H@&%cﬁtom- Each of R62, Rvs, and R68 is preferably an alkyl group (preferably
having a carbon number of | to 4) with at least one hydrogen atom being substituted by a fluorine

atom, more prefefaBiF agbiertlisr SRRGFEap Faskh g8 €A BERTHIRTHRE 6FiTto heREP4hd AFB P may
combine it @achrofaeite rm@tngnits cofipeedicexamaplemefthk-graupdepresenietihy feymula
(H) include p-fluorophenyl group, pentafluorophenyl group,and 3,5-di(trifluoromethyl)phenyt group.
Specifc SHAINPISE BHURE G b 1o LB 1 oA L Wil THRg! Gotpe et

pentaflugreprepyid mummpenceiuensstill groupcheptafutrabutyidreapetentfioofsiomopyheroup,
heptafluo‘{xp&sb%gmltgroup, hexafluoro(2-methypisopropyl group, nonafiuorobutyl group,

octafluoroisobutyl group, nonaflugrohexyt group, ngnaflioro-tertbutyl group, perflugroisopenty] group,
perfluorooctyl grc;[%, Bﬁﬁ%ﬁ‘&%&mﬁaﬂ%ﬂ&% bg% Cﬁf’g{%,gyf&% Sifs] %?gbﬁ%ﬂ“&re&ﬁﬁlﬁﬂ%fgge
perfluorosysdiofae xpk gnatip phewondgriheseyrhexhilitondis dphiopyitigsoup, heptafluoroisopropyl group,
hexafluoro(2-meffyisopjoRyl grou Agfa{lueragaRUR OLRHP oNANBIONRI AUV QPG
perfluoroisopentyt group are preferred, and hexafluorofsopropyl %% ip and g&&taf_luorms_opropg/l group
are more“prétdiat partial SHEIAE aXBITHSREOPINEY o T HrEBERER Py oM ASiES) shalndene).

-C(CF3) 30k erabiC2 )2 Qbhta(GE 3) (R ON RRdraEHGRI)M hnithe € €ehS)2ekprirgiRietgred.
The resin (D) is preferably a resin ing an alkylsilyl structure (preferably a trialkylsilyl group) or a
cyclic siloafggnoet1 %ﬁfg?t%"}h{a%(g 'h'n’:g%a\ﬁtogrnna-containilng partial structure. Specific examples of the
alkylsilyl structuf@)and cyctissiloxatenenucturpdathaetkiergrotrssirdpresémesd] by thé il Govirg
formulae&%%%,gg)(cse): -si-R14 R 3 LA 'Sia'No 1.r R15-81 .tSl -Rig R171Pie jn L5

The resin of (2) further includes:

(3) a resin having a repeating unit represented by formula (II-AB), a maleic
anhydride derivative and a (meth)acrylate structure (hybrid type).

In the alicyclic hydrocarbon-based acid-decomposable resin, the content of the
repeating unit having an acid-decomposable group is preferably from 10 to 60 mol%, more
preferably from 20 to 50 mol%, still more preferably from 30 to 50 mol%, based on all
repeating structural units,

In the alicyclic hydrocarbon-based acid-decomposable resin, the content of the
repeating unit having an alicyclic hydrocarbon-containing partial structure represented by any
one of formulae (pl) to (pV) is preferably from 20 to 70 mol%, more preferably from 20 to 50
mol%, still more preferably from 30 to 50 mol%, based on all repeating structural units.

In the alicvclic hydrocarbon-based acid-decomposable resin, the content of the
repeating unit represented by formula (H-AB) is preferably from 10 to 60 mol%, more
preferably from 15 to 55 mol%, still more preferably from 20 to 50 mol%, based on all
repeating structural units.

In the acid-decomposable resin, the content of the repeating unit having a lactone
ring 1s preferably from 10 to 70 mol%, more preferably from 20 to 60 mol%, still more
preferably from 25 to 50 mol%, based on all repeating structural units,

In the acid-decomposable resin, the content of the repeating unit having a polar
group-containing organic group is preferably from ! to 40 mol%, more preferably from 3 to
30 mol%, still more preferably from 5 to 20 mol%, based on all repeating structural units.

The content of the repeating structural unit based on the monomer as the further
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,R20 Si -0-Si 22- sil 01 R210 cR23 Ho ;Si 'R24 Si- 0-Si R2's R25 (CS -2)(CS-3) In formulae

(CS-I) to (CS-3), each of R12 to R26 independently represents a linear or branched alkyl group
(preferably having a carbon number of 1 to 20) or a cycloalkyl group (preferably having a carbon

number of 3 to 20). Each of L3 to L5 represents a single bond or a divalent linking group. The
o R R 5,2 SOl G1uP, 01 . Camplnation ol ol pere oups s ectad o e aroup
consisting GoF fene group, a phenyl-group, an e er gr&)ﬁ) Hihivetier group, a ca nlgony group,

an ester gesupd ammmm&@nmpceahmem@@eegabubeanolnaeméhegmﬁps predpradpite awititeydest 1 to 5.
The resin,(D). inelades @ wsinAoNtiniRg @ﬁl?%@%%%@@ﬁlﬁ&% SromyiheQraupnceRsisting of

repeating units represented by the foIIowmg formulae (C-1) to (C-V
molar number of the repeating structural unit having an alievelic hydrocarbon-containing

partial structure represented by any one of formulae (pl) to (pV) and the repeating unit
represented by formula (II-AB).

In the case of using the resist composition of the present invention for ArF exposure,
the resin preferably has no aromatic group in view of transparency to ArF light.

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention is preferably a resin where all repeating umits are composed of a (meth)acrylate-
based repeating unit. In this case, the repeating units may be all a methacrylate-based
repeating unit, all an acrylate-based repeating unit, or all a mixture of methacrylate-based
repeating unit/acrylate-based repeating unit, but the acrylate-based repeating unit preferably
accounts for 50 mol% or less of all repeating units.

The alicyclic hydrocarbon-based acid-decomposable resin is preferably a copolymer
having at least three kinds of repeating units, that is, a (meth)acrylate-based repeating unit
having a lactone ring, a (methjacrylate-based repeating unit having an organic group
substituted by at least either a hydroxyl group or a cyano group, and a (meth)acrylate-based
repeating unit having an acid-decomposable group.

The copolymer is preferably a ternary copolymerization polymer containing from 20
10 50 mol% of the repeating unit having an alicyclic hydrocarbon-containing partial structure
represented by any one of formulae (pl}) to (pV), from 20 to 50 mol% of the repeating unit
having a lactone structure and from 5 fo 30 mol% of the repeating unit having a polar group-
substituted alicyclic hydrocarbon structure, or a quaternary copolymerization polymer further
containing from 0 to 20 mol% of other repeating units.

In particular, the resin is preferably a ternary copolymerization polymer containing
from 20 to 50 mol% of an acid-decomposable group-containing repeating unit represented by
any one of the following formulae (ARA-1) to (ARA-5), from 20 to 50 mol% of a lactone
group-containing repeating unit represented by any one of the following formulae (ARL-1) to
(ARL-6), and from 5 to 30 mol% of a repeating unit having a polar group-substituted alicyclic
hydrocarbon structure represented by any one of the following formulae (ARH-1) to (ARH-3),
or a quaternary copolymerization polymer further containing from 5 to 20 mol% of a
repeating unit having a carboxyl group or a structure represented by formula (F1) and a
repeating unit having an alicyclic hydrocarbon structure and not exhibiting acid

decomposability.
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R1 R3R4 Re (-6-6 R2 LiRe R7 WI (C -I)(C-11) Ree Rei Re\ +-?(--S1-0-{-a-a ' 11, |, L2Re0,, /0
NA/2n32nee (C- I 1 I)(C-- 1 V)(C-v) In formulae (C-1) to (C-V), each of R1 to R3 independently
represents a hydrogen atom, a fluorine atom, a linear or branched alkyl group having a carbon number
of 1 to 4, or a linear or branched fluorinated alkyl group having a carbon number of | to 4. Each of

W1 and W2 reprgsents an organic group having at least either a fluorine atom or a silicon atom.
P ?I%} e f%rmul%e, i%x%l re%resentsgaahydrogen atom or a methyl group, and Rxa, and

Rxb; each represents a methyl group or an ethyl group).

Rxy Rxy 4 Rxty Rty
- A
|
O = }iﬁ\:i} C=C rya, O=CRxa, 0O=C

+ Rxa, " e, '
O o O—b O Q O\I’Q i

Rh&ﬁ}(b 1

ARA-1 ARA- 2 ARA- 2 ARA- 4 AR&- B

Ry Riyy xyl R\xyl Rty Ryy,
Oﬁ)\ °To0 9% g O;LQ

r& 0Zo X CDIQ
O— o0 Q
o
ARL-1 ARL— ARL-3 ARL-4 ARL-5 ARL-5
REy, Ry, Ry

xmm@
@ - CN

HO HO
ARH-1 ARH-2 #RH-3

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention can be synthesized by an ordinary method (for example, radical polymerization).
Examples of the synthesis method in general include a batch polymerization method of
dissolving the monomer species and an initiator in a solvent and heating the solution, thereby
effecting the polymerization, and a dropping polymerization method of adding dropwise a
solution containing monomer species and an initiator to a heated solvent over 1 to 10 hours.
A dropping polymerization method is preferred. Examples of the reaction solvent include
tetrahydrofuran, 1.4-dioxane, ethers such as diisopropyl ether, ketones such as methyl ethyl
ketone and methyl isobutyl ketone, an ester solvent such as ethyl acetate, an amide solvent
such as dimethylformamide and dimethylacetamide, and the later-described solvent capable
of dissolving the composition of the present invention, such as propylene glycol monomethy!

ether acetate, propylene giycol monomethyl ether and cyclohexanone. The polymerization
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Each RA to R7 independently represents a hydrogen atom, a fluorine atom, a linear or branched alkyl
group having a carbon number of 1 to 4, or a linear or branched fluorinated alkyl group having a
carbon number of 1 to 4, provided that at least one of R1 to R7 represents a fluorine atom. R4 and
R5, or R6 and R7 may form a ring. R8 represents a hydrogen atom or a linear or branched alkyl

group haying &.£aran.mmBerefiel0 ding nRSFEPTEISRIR adinger oriuanched alkyhgrauphaving

a carbon number of | to 4, or a linear or branched fluorinated alkyl group having a carbon number of 1
to4,  CERRRSEm Hdde PREFRJENEIUCGNg YL B BF LA VAR AR h P OMTIR Pls RIS SHe as
L3 to L5 ahewge storageQarpreseipimaadonocyclic or polycyclic aliphatic group, that is, an atomic group

for forming an aligyclic structure, including the twe bonded carbon.atoms (C-C). Each of R30 and 1231
independentl renEsb e S R e AR B A S R
represents @t guslisr oy cldalikd gieupoly liestiatitad ialfapigro s drdyier e By sloatid)
group. ysidgesesdherepraingwniyeprresentediyderpula G has %i@%&p@fé&i@eﬁe gtem in at

least ber out of R30, R31, R37 and R33... _ The resi ferabl ting unit
opresortEH ) RIS (IR AIS FReHErabl- A LM ey BEr T B APy ARG LAE Rowing

formulaegiGHm) 1o f@bdgroup @r & &I(HC1 lpfCup o @refadrid. Pmmmutaarf@léamth@-imﬁ)jaax?h of
R1() and;R1 1epresenis anMIregsmatom, aupHng Ao finsar grpranghed alkylaroupibaving a

carbon number of | to 4, or a’linear or branched fluofinated alkyl group having a carbon number of 1 to
4. EREHEIIBIEAS rephesEHIEER St qatledyrodi REMING On&oP#Srefatlsitiser attBastBither a

fluorine atemmbniasbitaaa@lomihe reaction product is charged inio a solvent, and the desired polymer
is recovered by a method such as powder or solid recovery. The reaction concentration is
from 5 to 50 mass%, preferably from 10 to 30 mass%.

The reaction temperature is usually from 10 to 150°C, preferably from 30 to 120°C,
more preferably from 60 to 100°C.

The purification may be performed by the same method as that for the resin (C)
described later, and a normal method, for example, a liquid-liquid extraction method of
combining water washing with an appropriate solvent to remove residual monomers or
oligomer componenis, a purification method in a solution sate, such as ultrafiltration of
extracting and removing only polymers having a molecular weight lower than a specific
molecular weight, a reprecipitation method of adding dropwise the resin solution in a poor
solvent to solidify the resin in the poor solvent and thereby remove residual monomers and
the like, or a purification method in a solid state, such as washing of the resin slurry with a
poor solvent after separation by filiration, may be employed.

The weight average molecular weight of the resin for use in the present invention is
preferably 6,000 or less, more preferably from 1,000 to 5,000, still more preferably from
2,000 to 3,500, in terms of polystyrene by the GPC method. When the weight average
molecular weight of the resin 1s 6,000 or less, the line edge roughness of the resist pattern is
reduced.

The dispersity (molecular weight distribution, Mw/Mn) is preferably 1.7 or less,
more preferably 1.5 or less, still more preferably 1.3 or less.  As the dispersity is smaller, the
line edge roughness of the resist pattern is more reduced.

To speak in more detail, the resin for use in the present inveniion is (al) a resin
having an alicyclic hydrocarbon structure and a dispersity of 1.7 or less and being capable of
increasing the polarity by the action of an acid, or (a2) a resin having an alicyclic hydrocarbon

structure and a weight average molecular weight of 6,000 or less and being capable of
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When WI to W6 are an organic group having a fluorine atom, the organic group is preferably a
fluorinated linear or branched alkyl group or cycloalkyl group having a carbon number of | to 20, or a
fluorinated linear, branched or cyclic alkyl ether group having a carbon number of 1 to 20.

Examples of the fluorinated alkyl group of WI to W6 include a trifluoroethyl group, a pentafluoropropyl

A, hexallyg 0%1%9%6’!%9 fi&%ﬁf'&@r (%ﬁb'?tB}‘é}i&%Bg?@XBg%"r’é’ if HE%%a%f"é%r%’Eé*’)?X!igm“p’ a
eptafluoroisopropyl group, an octafluoroisobutyl group, a nonafluorohexyl group,
nonafluor EEPERBSA SHBIFLE e HERFEIb e nty] gFolsps anserflwsisiceycgreamaeralar weight of
perfluoro@rimetibiexyE BERuPcapabl SRS MAsI MG 36 AR OFFARICAEUPITAYRG @ Silicon atom, the
thereof inolue therb S Tohra SNty Yo ML U E g o ShECHD SIAHABOTH i
repeatinguitiittrep rese atethb yriormtladied ydrésetifortvbeletwriX replesentsia hydiagén ateipht-CH3,
-F or -CRgecofrbtZfallier 0 OGO FRCE B dispersity, a living polymerization method or the like
disclosed in JP-A-2004-220009 may be used, and in addition, the dispersity can also be
reduced by raising the proportion of the good solvent for the resin during precipitation when
synthesizing the resin.

In the resin for use in the present invention, by combining the weight average
molecular weight and the dispersity in respective preferred ranges, the line edge roughness
can be more reduced.

In the resist composition of the present invention, the amount of all resins for use in
the present invention biended in the entire composition is preferably from 50 to0 99.9 mass%,
more preferably from 60 to 99.0 mass%, based on the entire solid content.

In the present invention, one kind of a resin may be used or a plurality of kinds of
resins may be used in combination.

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention preferably contains no fluorine or silicon atom in view of compatibility with the
resin (D).

(B) Compound capable of generating an acid upon irradiation with an actinic ray or radiation

The resist composition of the present invention contains a compound capable of
generating an acid upon irradiation with an actinic ray or radiation (sometimes referred to as a
"photo-acid generator” or “component (B)").

The photo-acid generator which can be used may be appropriately selected from a
photo-initiator  for cationic  photopolymerization, a photo-initiator for radical
photopolymerization, a photodecoloring agent for dyes, a photodiscoloring agent, a known
compound used for microresist or the like and capable of generating an acid upon irradiation
with an actinic ray or radiation, and a mixture thereof.

Examples thereof include a diazonium salt, a phosphonium salt, a sulfonium salt, an
iodonium salt, an imidosulfonate, an oxime sulfonate, a diazodisulfone, a disulfone and an o-
nitrobenzyl sulfonate.

Also, a compound where such a group or compound capable of generating an acid
upon irradiation with an actinic ray or radiation is introduced into the main or side chain of
the polymer, for example, compounds described in U.S. Patent 3,849,137, German Patent
3,914,407, JP-A-63-26653, JP-A-55-164824, IP-A-62-69263, JP-A-63-146038, JP-A-63-
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(CH-CH /(0OH2-CH-4-(CH2-CH 1) i,1, cH2 1 | --Pi- i-si- | -ECI-12 OH) I/ -Si-)

163452, JP-A-62-153853 and JP-A-63-146029, may be used.

Furthermore, compounds capable of generating an acid by the effect of light
described, for example, in U.S. Patent 3,779,778 and European Patent 126,712 may also be
used.

Out of the compounds capable of generating an acid upon irradiation with an actinic

ray or radiation, preferred are the compounds represented by the following formulae (ZI),

(ZI1) and (ZIIT);
Roo1
Rogr——$" ¥ Roos—1"-R 2 8
202 ' 204 205 Rops™— % S—Rao7
¥ O G
Roos
71 711 Z111

In formula (ZI), each of Rygr. Ry and Rags independently represents an organic
group.

X represents a non-nucleophilic anion, and preferred examples thereof include
sulfonate anion, carboxylate anion, bis(alkylsulfonyl)amide anion, tris(alkylsulfonylimethide

anion, BF4", PFs and SbF¢. The anion is preferably an organic anion containing a carbon

atom.
The preferred organic anion includes organic anions represented by the following
formulae:
chsaz Rcﬁ%
©
Rci—-S03 € Re—CO, ﬁ ©  Rcs80, /c ©
RcsSO- ResSO,

In the formulae, Re; represents an organic group.

The organic group of Re; includes an organic group having a carbon number of 1 to
30, and preferred examples thereof include an alkyl group which may be substituted, an aryl
group which may be substituted, and a group where a plurality of these groups are connected
through a single bond or a linking group such as -O-, -CO»-, ~S-, -50;- and -SO,N(Rd, )-.
Rd, represents a hydrogen atom or an alkyl group.

EFach of Res, Res and Res independently represents an organic group. Preferred
organic groups of Rei, Rey and Res are the same as preferred organic groups in Re;. The

organic group is most preferably a perfluoroalkyl group having a carbon number of 1 to 4.
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Res and Req may combine to form a ring.  The group formed by combining Re; and
Rey includes an alkylene group and an arylene group, and a perfluoroalkylene group having a
carbon number of 2 to 4 is preferred.

The orgamic group of Rey and Res to Res is particularly preferably an alkyl group
with the I-position being substituted by a fluorine atom or a fluorcalkyl group, or a phenyl
group substituted by a fluorine atom or a fluoroalkyl group. By virtue of having a fluorine
atom or a {luoroalkyl group, the acidity of the acid generated upon irradiation with light is
raised and the sensitivity is enhanced. Also, when Rej and Req are combined to form a ring,
the acidity of the acid generated upon irradiation with hight is raised and the sensitivity is
enhanced.

The carbon number of the organic group as Ragy, Rapr and Rogs is generally from 1 to
30, preferably from 1 to 20.

Two members out of Rag to Rypy may combine to form a ring structure, and the ring
may contain an oxygen atom, a sulfur atom, an ester bond, an amide bond or a carbonyl group.
Examples of the group formed by combining two members out of Rag to Raey include an
alkylene group {e.g., butylene, pentylene).

Specific examples of the organic group as Rag:, Ra02 and Rogs include corresponding
groups in the compounds (Z1-1), (ZI-2) and (Z1-3) which are deseribed later.

The compound may be a compound having a plurality of structures represented by
formuia (Z1). For example, the compound may be a compound having a structure where at
least one of Ry to Rygz in the compound represented by formula (Z1) is bonded to at least one
of Rag) to Rags in another compound represented by formula (Z1).

The component (ZI) is more preferably a compound (ZI-1), (ZI-2) or (ZI-3)
described below.

The compound (Z1-1) is an arylsulfonium compound where at least one of Ryg to
Rops in formula (ZI) is an aryl group, that is, a compound having an arylsulfonium as the
cation.

In the arylsulfonium compound, Rao; to Rags all may be an aryl group or a part of
Rye1 to Rogs may be an aryl group with the remaining being an alkyl group or a cycloalkyl
group.

Examples of the aryisulfonium compound include a triarylsulfonium compound, a
diarylalkylsulfonium compound, an aryldialkylsulfonium compound, a
diaryleyeloalkylsulfonium compound and an aryldicycloalkylsulfonium compound.

The ary! group in the arylsulfonium compound is preferably an ary! group such as
phenyl group and naphthyl group, or a heteroaryl group such as indole residue and pyrrole

residue, more preferably a phenyl group or an indole residue. In the case where the



XXXX CH2-C1CH2-\, C(CH2- (C1CH2009c 01 TTh-si"si-s10Is- /si CH2 CH) X

arylsulfonium compound has two or more aryl groups, these two or more aryl groups may be

the same or different.

The alkyl group which is present, if desired, in the arylsulfonium compound is

preferably a linear or branched alkyl group having a carbon number of 1 to 15, and examples

thereof include a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-butyl

group and a tert-butyl group.

The cycloalkyl group which is present, if desired, in the arvlsulfonium compound is

preferably a cycloalkyl group having a carbon number of 3 to 15, and examples thereof

include a cyclopropy! group, a cyclobutyl group and a cyclohexyl group.

The aryl group, alkyl group and cycloalkyl group of Ry to Rags each may have, as

the substituent, an alkyl group (for example, an alkyl group having a carbon number of 1 to

15}, a cycloalkyl group (for example, a cycloalkyl proup having a carbon number of 3 to 15),

an aryl group (for example, an aryl group having a carbon number of 6 to 14), an alkoxy

group (for example, an alkoxy group having a carbon number of 1 to 15), a halogen atom, a

hydroxyl group or a phenylthio group. The substituent is preferably a linear or branched

alky!l group having a carbon number of 1 to 12, a cycloalkyl group having a carbon number of

3 to 12, or a linear, branched or cyclic alkoxy group having a carbon number of 1 to 12, more

preferably an alkyl group having a carbon number of 1 to 4 or an alkoxy group having a

carbon number of 1 to 4. The substituent may be substituted to any one of three members

Rao1 to Rogs or may be substituted fo all of these three members. In the case where Ryq to

Ras are an aryl group, the substituent is preferably substituted at the p-position of the aryl

group.

The compound (Z1-2) is described below. The compound (7Z1-2) is a compound

where each of Ry to Ryes in formula (Z1) independently represents an aromatic ring-free

organic group. The aromatic ring as used herein includes an aromatic ring containing a

heteroatom.

The aromatic ring-free organic group as Ryg; 1o Raygs generally has a carbon number

of 1 to 30, preferably from 1 to 20.

Each of Ragr to Raps 1s independently preferably an alky!l group, a cycloalkyl group,

an ally! group or a viny! group, more preferably a linear, branched or cyclic 2-oxoalkyl group

or an alkoxycarbonylmethyl group, still more preferably a linear or branched 2-oxoalkyl

group.

The alkyl group as Rog; to Rags may be either linear or branched and includes a linear

or branched alkyl group preferably having a carbon number of 1 to 10 (e.g., methyl, ethyl,

propyl, butyl, pentyl). The alkyl group as Rag; to Rags 1s preferably a linear or branched 2-

oxoalkyl group or an alkoxycarbonylmethyl group.
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(CH2\C//0.,,,,...,20i SiyR I---51-0-Si 0, i'Si=2:1i R/ ---10 0 Si-O-Si- ? R=CH3, C2H5, 03H?7,
04H9 The resin (D) is preferably any one resin selected from the following (D-1) to (D-6):

The cycloalkyl group as Rag; to Rygs includes a cycloalkyl group preferably having a
carbon number of 3 to 10 (e.g., cyclopentyl, cyclohexyl, norbornyl). The cycloalkyl group
as Rag to Raps 18 preferably a cyclic 2-oxoalkyl group.

The linear, branched or cyclic 2-oxoalkyl group as Ragr 10 Rags is preferably a group
having >C=0 at the 2-position of the above-described alkyl or cycloalky! group.

The alkoxy group in the alkoxyearbonylmethyl group as Ryg; 1o Rpes includes an
alkoxy group preferably having a carbon number of 1 to 5 {e.g., methoxy, ethoxy, propoxy,
butoxy, pentoxy).

Rz01 t0 Rogz each may be further substituted by a halogen atom, an alkoxy group (for
example, an alkoxy group having a carbon nuwmber of 1 to 5), a hydroxyl group, a cvano
oroup or a mitro group.

‘The compound (ZI-3) is a compound represented by the following formula (Z1-3),

and this is a compound having a phenacylsulfonium salt structure.

In formula (Z1-3), each of Ry to Rs. independently represents a hydrogen atom, an
alkyl group, a cycloalkyl group, an alkoxy group or a halogen atom.

Each of Rg. and Ry independently represents a hydrogen atom, an alkyl group or a
cyeloaltkyl group.

Each of Ry and R, independently represents an alkyl group, a cycloalkyl group, an
allyl group or a vinyl group.

Any two or more members out of Ry, to Ry, and a pair of Ry and Ry, may combine
with each other to form a ring structure, respectively, and the ring structure may contain an
oxygen atony, a sulfur atom, an ester bond or an amide bond. Exampies of the group formed
by combining any two or more members out of Ry. to Ry or a pair of Ry and R, include a
butylene group and a pentylene group.

X" represents a non-nucleophilic anion, and examples thereof are the same as those
of the non-nucleophilic anion of X in formula (Z1}.

The alkyl group as Ry to R;c may be linear or branched and includes, for example, a
linear or branched alkyl group having a carbon number of 1 to 20, preferably a linear or

branched alkyl group having a carbon number of 1 to 12 (such as methyl group, ethy! group,
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(D-1) a resin containing (a) a repeating unit having a fluoroalkyl group (preferably haying a carbon
number of 1 to 4), more preferably a resin containing only the repeating unit (a), (D-2) aresin
containing (b) a repeating unit haying a trialkylsilyl group or a cyclic siloxane structure, more preferably
a resin containing only the repeating unit (b), (D-3) a resin containing (a) a repeating unit haying a

fluoroalkyl giaup (IE(RARHINAYIG ACHRAP AURR O H%%?‘fg%%%%ﬁ%}%ﬁ?ﬂ%@%& bly

branched alkyl group (preferably haying a carbon number of 4
haying a € n number of 4 to 20), a branched alkenyl group (preferably having a carbon number of 4

to 20), a cycloalkehyl gravpikprefeniably Taying R.camnauMbRN oA AP a3 §10Mng 2

(preferably having a car nymber of 4 to 20), more preferably a copolymerization resin of the
repeatingC%Ei??gsgénrlc? Iiﬁ%%rré%ega?r’%’ﬁf?j%e,n@l’ C(ﬁﬁ%g Sin containing (b) a repeating unit having a

trialkylsilyl group k@ @ielic siioxarme Struétufe-andy(dydinspaatingarid avirglia branchédiaikydgroup

(preferably. haying.a sabanJsBaer o 1e20nahayahealiet group (referaliy hawing a cathapnumber
of 4 to 20), a branche. alkenyl %_rou prei;era I¥ having %farbon number of 4 to 20), a cycloalkenyl

group (p }@ﬁ%@ﬂ% WEABTRN 5% 10'%0) SPENAGREED Ghrure bR H TR o ©5on
number afrdbter2B}dmorpoprefecablyl mcopolymerzedidnxesinofithendjeatinguhitdohahddinexy

repoatingly{Chd o (1) M SONAANGLY ATEREINALDILFaGogAyoraalivl o

(preferably having a carbon numberof 1 to 4) and (b) a repeating unit havi “tri y grgt‘]p ora
cyclic siléXaHdsRieiire, more preferably a copolymerization resin of the repeating unit (a) and the
repeating unit (b)saosinpoun(Dvi)egeresin containing (a) & repeating 4nit having aifluiekoalikyl.graup
(preferably having a carbon number of 1 to 4), (b) a,repeating unit having a trialkylsilyl group or.a cyclic
siloxane § Fﬁﬁ%ggl 5?%1{305’%%1163%n%%nr?ﬁ%éa\t}ll(ng g (frél?i{c JedSAfiH é%ﬁ%f%&ee e I); ﬁ%@?ﬁ “{¢arbon
number o¥ate he)surcytleraiit groabe(preferably havingarcansohSnanises pfefere20), BHsrdsched

alkenyl gpeupc(RiafaEably, iRving @ aasbon pumbenofdie ROk ayeioalkenydarauB{Rigferakikhaving

a carbon pumber of 4 1o ZO[gH%)r an aryl group (preferably having a carbon number of 4 to 20), more
preferabl§ B8 SRR SHITRTEERN of the repeating unit (a), the repeating unit (b) and the repeating
unit (c). As fohthdlndpratipguRit 4o}l faviintha daran ek eltkalkyt group, & Gyclaalkyl grokpaky]
branched,alkgnylargupgicygloglkenyligraup or an.anyl groug.in thesesing (Bi3). (Rhand (R:6). an
appropri%te fgnctisona roup can be iigr%/troduc%d considering théghydrophili(%ty%]@éro rﬁ?%icr%, a
interacticH&Ha TR ARETHIRY SA8HP of followability of immersion liquid or receding contact angle, a
functional group Aaringdie:liglagoqupsiR peefeieds the samdhe asiasc{BaRy1(BbhppRdRRB)Rthe
content | it (@)having.a fluorealkvl group.and/or the repeating unit (b) having a
trialkylsi@ﬁﬁgggi%%)%ﬂiﬂ%ﬁ%&sﬁ%ﬁg%%ﬁé%ﬁg%graﬁ era ?)lll?rﬁrﬂxfé} ?8/ gg“r)ﬁlgt%. The resin (D) is

preferably a resinhgVinges PsprarpdrnsitdiEpresserbey byrthe fonbwisrpferavmazyae rH4paRe or
HR2 Ri' 2-position of the alkyl group or cycloalkyl group of Ry to Roc.

The alkoxy group in the alkoxycarbonylmethyl group is the same as the alkoxy group
of Ric 1o Rse.

Ry and R, each is preferably an alkyl group having a carbon number of 4 or more,
more preferably 6 or more, still more preferably 8 or more,

In formulae (ZI1) and (ZIII), each of Rou to Ragr independently represents an aryl
group, an alkyl group or a cycloalkyl group.

The aryl group of Raps to Ry 1s preferably a phenyl group or a naphthyl group, more
preferably a phenyl group.

The alkyl group as Raps to Ryg7 may be linear or branched and includes a lincar or
branched alkyl group preferably having a carbon number of 1 to 10 (e.g., methyl, ethyl,
propyl, butyl, pentyl).

The cycloalkyl group as Rags to Ryg7 includes a cycloalkyl group preferably having a
carbon number of 3 to 10 (e.g., cyclopentyl, cyclohexyl, norbornyl).

Rogs to Ryp7 each may have a substituent. Examples of the substituent which Rag to
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In formula (Ia), Rf represents a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom. RI represents an alkyl group. R2 represents a hydrogen atom or an
alkyl group. In formula (14 the alkyl group with at least one hydrogen atom being substituted by a
fluorine atom of Rf is preferably an alkyl group having a carbon number of 1 to 3, more preferably a

trifluoromethyl group. The alkyl gro f R[ is preferably a linear or branched alkyl group having a
catbon niTHBAPSE S8 167 ahe BPerETEI} L BFRRRIAE ARGTGH505 ARy & CaPo HUmEHBPS (o 10,
R2 is prefenablyr axfidear bﬁbramhm&wygmoup(ifmmﬂmgnmharlaowycﬁmaibﬂr gfo_lx;polih@ingam:mﬁfsrably a
inear o NENGHECIRY GioUR 19y & ONMIDER AL 94 b indeTi SAMAIERLNS
repeating unit represented by formula (Ia) are set forth below; but the present invention is not limited

thereto. X=F GRCHE*Bgroup (FPh&xUPBKRG GHPTSpRESUN Y BB fBrrtra By kAT foiméd by
polymerizing geaempquris depresenias i thelfeliovwingdompula (1): Rf
X represents a non-nucleophilic anion and is the same as the non-nucleophilic anion
of X" in formula (Z1).
Out of the compounds capable of generating an acid upen irradiation with an actinic
ray or radiation, preferred compounds further include the compounds represented by the
following formulae (ZIV}, (ZV) and (ZV1):

j)\ N/Q“Sﬁz”ﬁzoa
ArySO,-SO,~Ar,  Ra0gS020-N_ A /“\
Y Raic”  Raoo
o)
ZIV Zv ZVi

In formulae (ZIV) to (ZV1), each of Ar; and Ar, independently represents an aryl
group.

Ry represents an alkyl group or an aryl group.

Each of Ryg0 and Ry independently represents an alkyl group, an aryl group or an
electron-withdrawing group.

Ropg is preferably an aryl group.

Rago 1s preferably an electron-withdrawing group, more preferably a cyano group or a
fluorealkyl group.

A represents an alkylene group, an alkenylene group or an arylene group.

The compound capable of generating an acid upon trradiation with an actinic ray or
radiation is preferably a compound represented by any one of formulae (Z1) to (ZIIT).

The compound (B) 1s preferably a compound capable of generating a fluorine atom-
containing aliphatic sulfonic acid or a fluorine atom-containing benzenesulfonic acid upon
irradiation with an actinic ray or radiation.

The compound (B) preferably has a triphenylsulfonium structure.

The compound (B) is preferably a triphenylsulfonium salt compound having a
fluorine-unsubstituted alkyl or cycloalkyl group in the cation moiety.

Particularly preferred examples out of the compounds capable of generating an acid

upon irradiation with an actinic ray or radiation are set forth below,
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In formula (1), Rf represents a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom. RI represents an alkyl group. R2 represents a hydrogen atom or an
alkyl group. Rf, Rl and R2 in formula (I) have the same meanings as Rf, 121 and R2 in formula (la).
The compound represented by formula (1) is a novel compound. As for the compound
represented hyfqormula (1), a commercially gyailable product or a compoupd. synthesized may be used.
In the case \)\, ®szhG e Compoungi an heyaiaised by conv% @ a2etrifgmremethyl
methacrylic'acid ino an acid chloride and theh’ ésterifying the acid chlorid€™ “3 The resin (D)
containing a repgating unit represented by formyla (1a) preferably further contaif&a repeating unit

represented by the following formula (I11):,GH2 CH-- | In formula (IH) epresents an alkyl

ARy group,ranvatkenyl gI‘OLG @"éaFk@n@@g"roup, a trialt@g" oup*braYroup having
Nelstaucture. L6 represents a singlé bond or a divalent linking group. In formula (IIl),
the alkyl group ofgﬁg is preferably a linear or bragghed alkyl group having a carde® number of 3 to 20.

The cycloalkyl group is preferably a cycloalkyl group having a carbon number (@o 20.

T

w0
{7} (z9)
(O}-S* GyyFpaCOO™ ( ( Jhst cFs-o-coFsos (O}-s*
(210} (z11) {z12) G

| £ F Q FF
s*-@—s—m@—sf 2-0,S F Qs—@—s‘* -0a8 F
Q (z13) @ :p@; (z14) O Q

(@5 C4FgSO; . . ST CaFySOg” ‘@'S* C4FeS0s”
O
(z15) (z16) = (217}

BuO-ngSO:;" (AE’_@“; 0,8 ) (@é+ CaFeS0s
{18} . (z19) (20}

EF _, Q _
0,8 = 8 N S+ CaFsS05
(O - (O £O

(z21) (222) (z)
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The alkenyl group is preferably an alkenyl group having a carbon number of 3 to 20. The cycloalkenyl
group is preferably a cycloalkenyl group having a carbon number of 3 to 20. The trialkylsilyl group is

preferably a trialkylsilyl group having a carbon number of 3 to 20. The group having a cyclic
siloxane structure is preferably a group containing a cyclic siloxane structure having a carbon number
of 3 to 20. The divalent linking group of L6 is preferably an alkylene group (preferably having a
carbon numbgr of | o 5) or anexy group. p a repeating
unit represe@«gélﬁ)orpnula ( te}@%grth phesest } 1.is Nt ligrited thereto.
CH2-01CH2-0i 470 000 \) cE39F3 fcljt2- ~C=)- 1) 91 (yrdf

CaFgSO; )Ggg%ﬁl):;; @@%) S GaFeS0L”

(224) (225) (226)

o .
Q_ 5Fs L i &)
H3CHZCH2$-$-O.N¢\©\ d’ @A\\,
o} O C4FS0Oq”
o ZCHZ CF;;S iz 458 3
(240) (z41) (z42)
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fcH2-cir 0-#10ciA2 cF3CF 3CF3 fcri2-c-)--EcH2-CH-Y TcH2-cH+cF12-ccH2-9-1-)- a)."%0 00 0))Y
cr,c, H2 CiH2-YFFYCH2-6-)--ecH2-c4 cH, 7J 0 0
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3 F F F F F F
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O
(z50) (z51) (z52)
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3 FE FF 3 FF FF
(z53) (z54)
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0 o FE" ol FF
(z55) (z56) (257)
N/ (.? O 3 CoFE 0= S CuFg
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f o= S G 47 g
s Qzﬁ—!\p e
OF
(258) (259) (260)

N
Y

Ol (O S b~
& orfrs

(z61) (262)

FFFQ
( g* 0sS—T+FS—N ) ( s“%ST++€ {:}
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(263) (264)
FFFQ FFFO
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1.n( The resin (D) is preferably a resin containing a repeating unit represented by the following
formula (II) and a repeating unit represented by the following formula (111): Rf C -C CH2 C 1 ift OL6 In
formulae (II) andRf represents a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom. R3 represents an alkyl group, a cycloalkyl group, an alkenyl group, a
cycloalkenyl group, or a group formed by combining two or more members thereof. R4
represents an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl groupCaFtriaIkylsinl
group, a group havin&% cyclic siloxane stru@q;:@r@ogroup formed by combi@ %{‘-’8738? more

l e

1

members thereof ©7%:00 I C
® O £—5-CF, —Q‘S@ ©C—8CoFs S®&  ©C—5-C4f
(Efsoei-tor, 9 O-Orsz oo

3 0P @ 0:§:0 @ 050

CF; CoFs CaFs
(z67) (z68) {269)

oBu S ; CoFs
O:§:0G @ O:$.OO
it Y P

S @?"’%Cz?ﬁ Sg) @?”"%‘CzFB

U @:$=OO Q‘%:@O

Caf g CoFs

{z10} (z71)




In the alkyl group, cycloalkyl group, alkenyl group, cycloalkenyl group and trialkylsilyl group of R3 and
R4, a functional group can be introduced but in view of followability of immersion liquid, a functional
group having no polar group is preferred, and an unsubstituted functional group is more preferred. L6
represents a single bond or a divalent linking group. 0<m<2100. 0<n<100. In formula (1), Rf has the
same meaning as Rf in formula (la). The alkyl group of R3 is preferably a linear or branched alkyl
group having a carbon number of 3 to 20 e cycloalkyl group is preferably a cycloalkyl group having

a carbon number 0£31020. Fhé dikEh i%%referably an alkenyl group having a carbon
number of 3 to 2 u S:X/M é e a cycloalkenyl group having a carbon number
of 3t0 20. L6 is pre erably a sm% bo

ethylene group, an ethylene group or an ether group.

m and n are preferably from 30 to 70 and from 30 to 70, respectively, more preferably from 40 to 60
and from 40 to 60, respectivel{z78} Specific examples of the resin (D) containing a repeating unit
represented by formula (II) and a repeating unit represented by formula (IIl) are set forth below, but the
present invention@smuael linzteddtberaei dakadakdls 00:C B2 GEalone, or two or more kinds thereof

may be used in combination. In the case of using two or more kinds of photo-acid

generators in combination, compounds capable of generating two kinds of organic acids
differing in the total atom number except for hydrogen atom by 2 or more are preferably
combined.

The content of the phote-acid generator 1s preferably from 0.1 to 20 mass%, more
preferably from 0.5 to 10 mass%, still more preferably from 1 to 7 mass%, based on the entire
solid content of the resist composition.

(C) Solvent

Examples of the solvent which can be used for dissolving respective components
described above to prepare a positive tone resist composition include an organic solvent such
as alkylene glycol monoalkyl ether carboxylate, alkylene glycol monoalkyl ether, alkyl lactate,
alkyl alkoxypro;ﬁionate, cyclic lactone having a carbon number of 4 to 10, monoketone
compound having a carbon number of 4 to 10 which may contain a ring, alkylene carbonate,
alkyl alkoxyacetate and alkyl pyruvate.

Preferred examples of the alkylene glycol monoalkyl ether carboxylate include
propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate,
propylene glycol monopropyl ether acetate, propylene glycol monobutyl ether acetate,
propylene glycol monomethyl ether propionate, propylene glycol monoethyl ether propionate,
ethylene glycol monomethyl ether acetate and ethylene glycol monoethyl ether acetate.

Preferred examples of the alkylene glycol monoalkyl ether include propylene glycol
monomethyl ether, propylene glycol monoethyl ether, propylene glycol monopropyl ether,
propylene glycol monobutyl ether, ethylene glycol monomethy! ether and ethyiene glyeol
monoethyl ether.

Preferred examples of the alkyl lactate include methyl lactate, ethyl lactate, propyl
lactate and butyl lactate.

Preferred examples of the alkyl alkoxypropionate include ethyl 3-ethoxypropionate,
methyl 3-methoxypropionate, methyl 3-ethoxypropionate and ethyl 3-methoxypropionate.

Preferred examples of the cyclic lactone having a carbon number of 4 to 10 include
f-propiolactone, f-butyrolactone, y-butyrolactone, o-methyi-y-butyrolactone, B-methyl-y-

butyrolactone, v-valerolactone, v-caprolactone, vy-octanoic lactone and o-hydroxy-y-
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CH2 -Si- cF3cF, cH2-9cH2-91+cH2-c c ocH2 A CF3 - CH_2 CH) 0 0-Si- CF3CF3 fCH2-C-}
CH2-CHCH2-a 0 0-Si-0 0-Si- Vc/-1- cF, chirchifck -a

butyrolactone.

Preferred examples of the monoketone compound having a carbon number of 4 to 10
which may contain a ring include 2-butanone, 3-methylbutanone, pinacolone, 2-pentanone, 3-
pentanone,  3-methyl-2-pentanone,  4-methyl-2-pentanone, 2-methyl-3-pentanone, 4,4~
dimethyl-2-pentanone, 2,4-dimethyl-3-pentanone, 2.2, 4. 4-tetramethyl-3-pentanone,  2-
hexanone, 3-hexanone, 5-methyl-3-hexanone, 2-heptanone, 3-heptanone, 4-heptanone, 2-
methyl-3-heptanone, S-methyl-3-heptanone, 2,6-dimethyl-4-heptanone, 2-octanocne, 3-
octanong, 2Z-nonanone, 3-nonanone, 5-nonanone, 2-decanone, 3-decanone, 4-decanone, 5-
hexen-2-one, 3-penten-2-one, cyclopentanone, Z-methylcyclopentanone, 3
methyleyclopentanone, 2,2-dimethyleyclopentanone, 2.4, 4-trimethylcyclopentanone,
cyclohexanone, 3-methyleyelohexanone, 4-methyleyclohexanone, 4-ethyicvelohexanone. 2,2~
dimethylcyclohexanone, 2.6-dimethylcyclohexanone, 2.2, 6-trimethylcyclohexanone,
cycloheptanone, 2-methyleycioheptanone and 3-methylcycloheptanone.

Preferred examples of the alkylene carbonate include propylene carbonate, vinylene
carbonate, ethylene carbonate and butylene carbonate.

Preferred examples of the alkyl alkoxyacetate include Z-methoxyethyl acetate, 2-
ethoxyethyl acetate, 2-(2-ethoxyethoxy)ethy! acetate, 3-methoxy-3-methylbuty] acetate and 1-
methoxy-2-propyl acetate. .

Preferred examples of the alkyl pyruvate include methyl pyruvate, ethyl pyruvate and
propyl pyruvate.

The solvent which can be preferably used is a solvent having a boiling point of
130°C or more at ordinary temperature under atmospheric pressure, and specific examples
thereof include cyclopentanone, y-butyrolactone, cyclohexanone, ethyl lactate, ethylene glycol
monoethyl ether acetate, propylene glycol monomethyl ether acetate, ethyl 3-
ethoxypropionate, ethyl pyruvate, 2-ethoxyethyl acetate, 2-(2-ethoxyethoxy)ethyl acetate and
propylene carbonate.

In the present invention, one of these solvents may be used alone, or two or more
kinds thereof may be used in combination.

In the present invention, a mixed solvent prepared by mixing a solvent containing a
hydroxyl group in the structure and a solvent not containing a hydroxyl group may be used as
the organic solvent.

Examples of the solvent containing a hydroxyl group include ethylene olyeol,
ethylene giycol monomethyl ether, ethylene glycol monoethyl ether, propylene glycol,
propylene glycol monomethyl ether, propylene glycol monoethyl ether and ethyl lactate.
Among these, propylene glycol monomethyl ether and ethyl lactate are preferred.

Examples of the solvent not containing a hydroxyl group inciude propylene glycol
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monomethyl ether acetate, ethyl -ethoxypropionate, 2-heptanone, v-butyrolactone,
cyclohexanone, butyl acetate, N-methylpyrrolidone, N,N-dimethylacetamide and
dimethylsulfoxide. Among these, propylene glycol monomethy! ether acetate, ethyl
ethoxypropionate, 2-heptanone, y-butyrolactone, cyclohexanone and butyl acetate are
preferred, and propylene glveol monomethyl ether acetate, ethyl ethoxypropionate and 2-
heptanone are most preferred.

The mixing ratio (by mass) between the solvent containing a hydroxyi group and the
solvent not containing a hydroxyl group is from 1/99 to 99/1, preferably from 10/90 to 90/10,
more preferably from 20/80 to 60/40. A mixed solvent in which the solvent not containing a
hydroxy! group is contained in an amount of 30 mass% or more is preferred in view of
coating uniformity.

The solvent is preferably a mixed solvent of two or more kinds of solvents including
propylene glycol monomethyl ether acetate.

The entire solid content concentration in the resist composition is generally from 1 to
10 mass%, preferably from 1 to 8.0 mass%, more preferably from 1.0 to 6.0 mass%.

(D) Resm having at least either a fluorine atom or a silicon atom

The resist composition of the present invention preferably contains (D) a resin
having at least either a fluorine atom or a silicon atom, _

In the resin (D). the fluorine atom or silicon atom may be present in the main chain
of the resin or may be substituted to the side chain.

The resin (D) is preferably a resin having a fluorine atom-containing alkyl group, a
fluorine atom-containing cycloalkyl group or a fluorine atom-containing aryl group, as a
tluorine atom-containing partial structure.

The fluorine atom-containing alky! group (preferably having a carbon number of 1 to
10, more preferably from 1 to 4) is a linear or branched alkyl group with at least one hydrogen
atom being substituted by a fluorine atom and may further have another substituent.

The fluorine atom-containing cycloalkyl group is a monocyclic or polycyclic
cycloalkyl group with at least one hydrogen atom being substituted by a fluorine atom and
may further have another substituent.

The fluorine atom-containing aryl group is an aryl group (e.g., phenyl, naphthyl)
with at least one hydrogen atom being substituted by a fluorine atom and may further have
another substituent.

Specific examples of the fluorine atom-containing alkyl group, fluorine atom-
containing cycloalkyl group and fluorine atom-containing aryl group are set forth below, but

the present invention is not limited thereto.
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(f2)

In formulae (f1) to (£3), each of Rs7 to Reg independently represents a hydrogen atom,
a fluorine atom or an alkyl group, provided that at least one of Rss 1o R, at least one of Rgy to
Res and at least one of Rgs to Rgg are a fluorine atom or an alkyl group (preferably having a
carbon number of | to 4) with at least one hydrogen atom being substituted by a fluorine atom.
It is preferred that Rs; to Re; and Rygs to Rey all are a fluorine atom.  Each of Rez, Re3 and Reg
is preferably an alkyl group (preferably having a carbon number of I to 4) with at least one
hydrogen atom being substituted by a fluorine atom, more preferably a perfiuoroalkyl group
having a carbon number of 1 10 4. Rg; and Rgs may combine with each other to form a ring.

Specific examples of the group represented by formula (f1) include p-fluorophenyl
group, pentafluoropheny! group and 3,5-di(triflucromethyl)phenyl group.

Specific examples of the group represented by formula (£2) include trifluoroethyl
group, pentafluoropropyl group, pentafluoroethyl group, heptafluorobutyl group,
hexafluoroisopropyl group. heptafluoroisopropyl group, hexatluoro(2-methyl)isopropyl group,
nonafluorobutyl group, octafluoroisobutyl group, nonafivorohexyl group, nonafluoro-tert-
buty! group, perfluoroisopentyl group, perfluorooctyl group, perfluoro(trimethyl)hexyl group,
2,2,3,3-tetrafluorocvclobutyl  group and perfluorocyclohexyl group. Among these,
hexafluoreisopropyl group, heptafiuoroisopropyl group, hexafluoro(2-methyljisopropyl group,
octafluoroisobutyl group, nonafluoro-tert-butyl group and perfluoroisopentyl group are
preferred, and hexafluoroisopropy! group and heptafiuoroisopropyl group are more preferred.

Specific examples of the group represented by formula (£3) include -C{CF3),OH, -
C{C,F5),0H, -C(CF3)(CH3)OH and -CH(CF3)OH, with -C(CF3),0H being preferred.

The resin (D) is preferably a resin having an alkylsily! structure (preferably a
trialkylsilyl group) or a cyclic siloxane structure, as a silicon atom-containing partial structure.

Specific examples of the alkylsilyl structure and cyclic siloxane structure include the

groups represented by the following formulae (CS-1) to (CS-3):
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The resin (D) may contain a repeating unit represented by the following formula In formula (VII1),
Z2 represents -0- or -N(Rn)- R.1) represents a hydrogen atom, an alkyl group or -0S02-1242. R42
represents an alkyl group, a cycloalkyl group or a camphor residue. The alkyl group of R.41 and R42
may be substituted by a halogen atom (preferably fluorine atom) or the like. The resin (D) is preferably
solid at ordinary temperature (25C). Furthermore, the glass transition temperature (Tg) is preferably
from 50 to 200C, more preferably from 80 to 160C. When the resin is solid at |25C, this means that the
melting point is 25C or more. The glass transition temperature (Tg) can be measug:@ﬂ by a
scanning calorimetef (Differential Scanning g lorimeter). For example, the gtg,sqjtagsltlon
temperature can be Tieasured by once Heati $g and then cooling the, S%D_rﬁ% C%a‘ih rqalsmg the
temperature at%@mﬁh"ﬁnd analyzing thegya uegyvhen the specific volurﬁe S . The resin (D) is
preferably stable to @n.acid and insqluble | nran glkﬁé elveloper InView g fgllo ability of
immersion liquid, the resm (D) preferaly d’@ﬁﬂl el of (x) an alkali-sotuble grggu’p (ys)gg group
capable of decomposing by the action offan alkaﬁ(alkalll geveloper) toﬁﬁcr@as% the solubility in an
alkali developer, and (z) a group capable of decomposing by the acfien of an agigd to increase the
solubility in a developer. In the resin (D), the total amount of repeating units having an
alkali-soluble grodp:@r-d group whose solufgiiity- i a developer increases b @'g ion of an acid or
alkali is preferably 20 mot% or Iess more preferably from O to 10 mol%, still more preferably from 0O to

5 mol%, based o I repeati |ts C utin esm nlike a surfactant generally
used for resists, [%l PESIRTD ?gg\g 8&9’ ﬁ 1%%?%%&1@1 FoRs EhEh enearor
(poIy(oxylalmw@ﬁé)z)léyéLgﬁoﬂlﬁﬁtlﬁgreé@ncbtb)l@’onwmseaﬁwdrmmlﬁm pblartgitipytheciellowkpilityoah

immersmgl})lxgﬁtl%@@Q@J&ge(g%%qmmleg@r@tdtdg)more preferred not to contain a polar group
selected from a idroxyl %roup alkylene glycols and a sulfone group. Furthermore, an ether group

bonded to the ca Bt trierPREGFFRRar tRUBRATS it Glemip lRerarabr; ndttdtitaiiay
because Itiﬁmhg(ympxlplhsﬁyﬂerms;aaddhﬁzfﬁﬂ@wabﬂw@bmﬁnmgmﬂjgu&bd&t@ﬁ@iat&& Qouhe other

hand, to t h f |
e L R M st R T e s e

alkali-sol 8B18Ry ASLES 59 m&mé@m@%g{m}mg arsﬁ@iﬂél@mw Qf%ﬁf%ﬁarboxyllc acid group, a
fluorinated alcohel gHaupsrassiHipmigacd Dreyp, a sulfonamide group, a sulfonylimide group, an

(alkylsulfonyl)(atkylcarbony rou Isulfon Ik Icarbon |m|
bls(alkylcarbony% tﬁy?élhé)@roup,é] |s Féo%l ?‘%uﬁe%%é XS B“g?& yl§ﬁﬁe§ﬁ%i‘)rﬁréfﬂﬁé%e
group, a @rg(mlI@lemﬁbng(mﬁmmtmgplammm@aﬂgbwﬁméﬂimMfoup@l‘@ (C-I) to (C-V:
tris(alkylsulfonyl)methylene group.

Rap Raq

Fe- & (—c H +aw—%~ {-Se oy o
R, z,,..; Rs Ry o 0

W‘i \;\5’2 R32><R33
(C—1) (C~-11) (C—~111) (Cc—1V) (C-V)

In formulae (C-1} to (C-V), each of R; to R; independently represents a hydrogen
atom, a fluorine atom, a linear or branched alkyl group having a carbon number of 1 to 4, ora
linear or branched fluorinated alkyl group having a carbon number of 1 to 4.

Each of Wy and W, represents an organic group having at least either a fluorine atom
or a silicon atom.

Each R4 to R; independently represents a hydrogen atom, a fluorine atom, a linear or
branched alkyl group having a carbon number of | to 4, or a linear or branched fluorinated

alkyl group having a carbon number of | to 4, provided that at least one of R4 to R7 represents
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Examples of the group (y) capable of decomposing by the action of an alkali (alkali developer) to
increase the solubility in an alkali developer include a lactone group, an ester group, a sulfonamide
group, an acid anhydride and an acid imide group. Examples of the group (z) capable of decomposing
by the action of an acid to increase the solubility in a developer include the same groups as those of

the acid-degQrmResabIe IrRYRIR @?&%'&EPR’HBQ?E}Q&@?-{H@(A)' However, the repeating unit

represented by the following foiiula (pA-C) 1s not or scarcely decomposed by the action of an acid as
compared with th8at5aLERsEGH T BEMIN g riigp dtie s Yabemahed elfatdswur bubsaatrayon
non-acid-gleabeneddaple, | CH2 CF3 00 RP2 (pA-c) In formula (pA-c), Rp2 represents a
hydrocarbon group having a tertiary carbon atom honded to the.oxygen atom in the formula. In
the case where tlr}%gg resin %%sc%?’% ael)'{]ﬁfsoé%ﬁgglﬁegl%ﬂ( q t E‘}‘s}‘ﬁﬁiégﬁ’%ﬁ’o C%%f’ﬁféﬁlii&’%%?éﬁgﬁ?y%@h?z to 50
mass%, Mbrar prdferadiydidmmnasegrindssvsbhsdd o thvarolesoutar weightéof the resin (D). Also,
the silicon atom-C@ﬁEﬁiBinglfﬁﬁ@@!&”%ﬂx@éd@ﬁ@f@@ﬁéﬁ&%&&ﬂi% fromA.4p 1&8@@% Mprq Pigferably
from 20 to 100 mass%, in the resin (D). In the case where the resin (D) contains a tluorine atom,
the fIuoriﬁ@%?@ﬁnﬁbﬁ?tifﬁlagoﬁ?eferably from 5 to 80 mass%, more preferably from 10 to 80 mass%,
based on the mol@cuiareweight mbthe yelsino(plAso}ithel fibarineatomaniaiaingseeatiogpuiait
preferabl *Upi %, ref f 30 10 10 ss%, in the resin (D).
The stang%%%ﬁgglggtg/ﬁ%%%&%g%%ﬁ %g%&%%%gé% r§lo égg%lréo tﬁg ?é%%sg)_l preferably from 1,000
to 100,000, more by FhA 1, GOt PSS bR SR e prefer ey ofr P R0 815,000, yet still
more preferably fromrh3000,takb0Q0ndepenlib@fesigiial nenemeranmaun. in theirrain (B, a
preferabl &%Oz-%a et&)a}]g rinargg%é mate 0pref%ar($bl from (P to 5 mass%, still more preferably from O to 1
mass%. Also, In view of the Tesolt .&n?lr%%% %32% i%, and Side wall, roughness or the like of the resist
pattern, the mole&isie. Wsigtnagisagbuio regvbarMer blsdoraildd tispersity pid pfenaldly drom didm5,
more prefgrabbafremeliR-d st bnerernreterally, fiomdio 1.5. The amount added of the resin (D) in
the resist composijtion is.pr? more preferably from 0.1 to 10 mass% still

éeirabl)é@f&ra%r&/o.l to 20 mass%,

more preferably floth &1 10 8 iS4 L it s I RSV PeBFABRPIFSA 6 S b8 30mmdadds- Yereien still
more prefeeddibiroaratm? thinags¥ebaddd anstheeofitkeshlith comntebiatibe (edist wompaasition.
In the resin (D), similarly to the acid-decomposable resin (A), impurities such as metal are of course
little contained and as wsgll, the content of regidual monomers or oligomer components is preferably

not more than g{{s ifi \%ue, for example, 0.1\mass% b Q@f\g satisfyip‘g@gs_e ditions, not
only the resist ¢ r?%g ingwpr ved in the: sl%%%itlgit , resolutio ,g%-?c%s tability, pattern Bﬁ% ile and the

like but also a resist reé\trgm extraneous ances in liquid or éffémge with aging ir{[}he sensitivity
and the like can be dbtaingd. ] We W
Ws A \
Wy
(C-1a) (C—1%b) (C=1¢) (C—14d7

In formulae (C-la) to (C-Id), each of Ry¢ and R, represents a hydrogen atom, a
fluorine atom, a linear or branched alkyl group having a carbon number of 1 to 4, or a linear
or branched fluorinated alkyl group having a carbon number of 1 to 4.

Each of W3 to W, represents an organic group having one or more atoms of at least
either a fluorine atom or a silicon atom.

When W; to W are an organic group having a fluorine atom, the organic group is
preferably a fluorinated linear or branched alkyl group or cycioalkyl group having a carbon
number of 1 to 20, or a fluorinated linear, branched or cyclic alkyl ether group having a
carbon number of 1 to 20,

Examples of the fluorinated alkyl group of W; to Wy include a trifluoroethyl group, a
pentafluoropropyl group, a hexafluoroisopropy! group, a hexafluoro(2-methyl)isopropyl

group, a heptafluorobutyl group, a heptafluoroisopropyl group, an octafluoroiscbutyl group, a
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As for the resin (D), various commercially available products may be used or the resin may be
synthesize by an ordinary method (for example, radical polymerization)). Examples of the synthesis
method in general include a batch polymerization method of dissolving monomer species and an
initiator in a solvent and heating the solution, thereby effecting the polymerization, and a dropping
polymerizatiaflunetasiof adding ﬂr@mﬁmarootrrtiompongﬂrupg mopermebapasiesgNdgaguifitiator to a
heated soIVﬁ% over Jr ol 10 Qo S, Art Irg gojt 1%1881&/ erlzatlon method is preferred. Examples of the
reaction 8olven mcﬁ d%?et’raﬁy rgfzuran xane, e hérS Rich as diisopropyl ether, ketones such
as methyl ethyl kitbeie ﬁhdlméthyhi‘%bmyt%‘t@nérfmt duteingolv el uchtagetiy atetaie, saougmide
solvent %&e&@%&xﬁom@r@tg@ @ﬂ@&t{rtetttylacetemldat@aqéhaxl@éﬁtrgese%eﬁié%ﬁm? gapable of

dissolvin sitjon of the present inventjon, such as ropylene glycol monomethyl ether
acetate, ﬁWS? TS F%ﬁ@ﬁfgﬁ{ﬁsgﬁﬁﬁ% %f)&t‘&ﬁé% ?153 & polymerization is more

preferably perforfedifisingdinglsamé selventasithesolgntuseedirnnthéresist ¢Oripasition éfithe
present igveptions By tt&g&&e&%}@gg&%e&& g@}praﬁo& o(f:partlcles during storage can be suppressed.

The polymerization réaction is preferably performé&d in an inért gas atmosphere such as nitrogen and
argon. As for the polymerization initiator, the polymerization is started using a commercially available

radical initiator (e’ﬁg nazo-based ﬁﬁ oxrde>f The radjcal mPﬁat ris pr ferabe an azo-based
initiator, and@hyayo-pased At rliavrng r-Estérgroup, aéyan up o group is
preferred. Preferred.examples initiator in azoblsrso |tr|Ie azoblgéhmethylvaleron|tr|Ie
and dimethyl 2,2t-aZzobis(2- méthyl roplonate) A chain transfer age tmay also Be u ed, if desired.
The reaction concentration is ly-teem 5 to 50 masso; preferabl%om 20 to 50 mass%, more
preferably from 30 to 50 mass%, and the reaction temperature is usuaflyffyom 10 to 15Q¢: preferably
from 30 to 120C, more preferably from 60 to 100C. After the completion of reaction, the reaction

product is allowegd to cool to room temperature andypurrfred The purglcatlon may be gerformed by a
normal met e@ xampl &%qu@__tqwd e)’(t&aptlgn method{_&g‘org ing wa a _g with an
approprlaﬁesoﬁlent to remove resi monomers rwoi_gome nts; a r|f| )\ on method in a
solution sate, gifthas ultrafiltratio xtracting @ moving ont;v’ mers having“a molecular
weight lower tha@als{@ggmc mole uI

weight; a repb}\pltatlon method-etadding dropvrzj e the resin
solution in a poor sI Ivent to solidify;the fesin in th 'solvent and thereby remov@?es?\ﬁ

monomers and t ; Or a purgicati gethopsL siate, such as washing oﬁﬁege@ﬁiﬁ slurry
with a poor solverta er separation by filtration. For example the resin is precipitated a§a solid
through contact W|th a solvent in WhICh the resin is sparingly soluble or insoluble (poor solvent) and
which is r& ount%f% r‘less pre e@QIy fram ‘10 to 5 times, the reaction solution. -
The solvent uséd att e operatjon o? prec tation or te e%mﬁﬁ from the polymer solution
(precipitation or r&)rempltatlon solvenf’may be suffici€nt if.itis.a pbor solvent for the polymer, and the
solvent used may be appropriately se/éced according to @. of the polymer from, for example, a
hydrocarbon (an alipkétic hydrodazbon suehas pentanetiexane; heptane and octane; an alicyclic
hydrocarbon such as cyclohexane and methylcyclohexane; and an aromatic hydrocarbon such as
benzene, toluene and xylene), a halogenated hydrocarbon (& halogenated aliphatic hydrocarbon such
as methylene chloride, chloroform and carbon tetrachloride; and a halogenated aromatic hydrocarbon
such as chlorobenzene and dichlorobenzene), a nitro compound (e.g., nitromethane, nitroethane), a

nitrile (e. g acetdnitrile, be zonltrﬁie) an ether (a chiain ether fuch d'rethyl ether, diisopropyl ether
and dime WJLG;E dlt?a er S trahydroﬁgfaﬁ ﬁ}—djoxaﬁ{eﬂag (e.g.,
acetone, met I keton tyI ketone) ester (e.g., e acetate, bu ,l;acetate) a
carbonate (e.d., dlr%y thyl carbonate dlethyl carbonat%mthylene arbopate, prop%/enéjca\{bonate) an
alcohol (e.g., metha 1\ethanol propanol, isopropyl alcohol butanol} arboxylic aci é .g., acetic
acid), water, and a mixed solvent contgjning such a solvent/ Amorg-these, the p p‘tfﬂ’on or
reprecipitation solvent is preferably a sblvent containing a?least an alcohol (partlcula—%im hanol or
the like) or water. In such a solvent containing at least a hydrocarbon, the ratio of the alcohol
(particularly methanol or the like) to other solvents (for example, an ester such as ethyl acetate, and
ethers such as tetrahydrofuran) is approximately, for example, the former/the latter (volume ratio, at
25C) = from 10/90 to 99/1, preferably the former/the latter (volume ratio, at 25C) = from 30/70 to 98/2,
more preferably the former/the latter (volume ratio, at 25C) = from 50/50 to 97/3. The amount of
the precipitation or reprecipitation solvent used may be appropriately selected by taking into account
the efficiency, yield and the like, but in general, the amount used is from 100 to 10,000 parts by mass,
preferably from 200 to 2,000 parts by mass, more preferably from 300 to 1,000 parts by mass, per 100
parts by mass of the polymer solution. The nozzle bore diameter at the time of feeding the
polymer solution into a precipitation or reprecipitation solvent (poor solvent) is preferably 4 mmO or
less (for example, from 0.2 to 4 mmO), and the feeding rate (dropping rate) of the polymer solution

into the poor solvent is, for example, in tenis of the linear velocity, from 0.1 to 10 m/sec, preferably on
thea nrder of ) R t0 5 m/car The nrecinitatinn or renreacinitatinn onaratinn ic nrefarahlhvy nerformed




As for the solvent used at the preparation of the resin solution A. a solvent similar to the solvent used
for dissolving the monomer at the polymerization reaction may be used, and the solvent may be the
same as or different from the solvent used at the polymerization reaction. (E) Basic compound The
resist composition of the present invention preferably contains (E) a basic compound for reducing the
change of performance with aging from exposure to heating. Preferred examples of the basic
compound include compounds having a structure represented by any one of the following formulae (A)
to (E): In fqtg ae-(A) to (E), each.of R200 1 and p202 \ X which
may be the s rrEl%EerE rentxrec%?r%'sbe%lté ah EO%O r@gt_dﬁ an aﬁﬁ@rﬁ%’ﬁ%refe?%ﬁlyﬁ%ﬁr% a carbon
number of 1 to 20),&Tycloalkyl grogﬁ{preferably ha%r'mg a carbon nuniber of 3 to ZO)ﬁﬁéaﬂ aryl group
(having a carbon number of 6 to 20§"and R201and n K202 may comb&gﬁewith each other to form a
ring.  As for the alkyl group, the alkyl group havin@%?ubstituent is preferably an amigoalkyl group
having a carbon number of 1 to 20, a hydroxyalkyl group having a carbon number of 1 to 20, or a
cyanoalkyl group having a carbon number of 1 to 20. 204R" R205 and R206 Each of R203,which may
be the same or different represents an alkyl group having a carbon number of 1 to 20. The alkyl group
in these formulae (A) and (E.") is more preferably unsubstituted. Preferred examples of the
compound jnclud® guanidine, amingpyrrolidine, pyrazple, pyrazoline, piperazine, aminoniorpholine,
aminoalky't htfj)l'rn‘?- and p'réémjjﬁ%@ﬂ\;ﬂre pre&ﬂlregdgx%mples of%f@-@oﬁ?pﬁund i tfdec;}a-gompound
having an imidazele structure, a diazabicyclo structu,;éxan onium hydroxigie_structure, ag=onium
carboxylate stidcturg, a trialkylan%ne ructure, an Hniling structure or a p%riaine struct%re; [

alkylamine derivati aving a hydroxytgroup and/or an ether bond; ar@#ii aniline derivati ' having a
hydroxyl group and/or an-ether band, < | &
ASUSN |07 Si— e G
| j
o,/ G
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R=CH;, CoHs, C3Hy, CyiHg

The resin (D) is preferably any one resin selected from the following (D-1) to (D-6):

(D-1)  aresin containing (a) a repeating unit having a fluorcalkyl group {preferably
having a carbon number of 1 {o 4), more preferably a resin containing only the repeating unit
(a),

(D-2)  aresin contaiming (b) a repeating unit having a trialkylsilyl group or a cyclic
siloxane structure, more preferably a resin containing only the repeating unit (b),

(-3}  aresin containing (a) a repeating unit having a fluoroalkyl group (preferably
having a carbon number of 1 to 4) and (c) a repeating unit having a branched alkyl group
(preferably having a carbon number of 4 to 20), a cycloalkyl group (preferably having a
carbon number of 4 to 20), a branched alkenyl group (preferably having a carbon number of 4

to 20), a cycloalkenyl group {preferably having a carbon number of 4 to 20} or an aryl group
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Examples of the compound having an imidazole structure include imidazole 2,4,5- triphenylimidazole
and benzimidazole Examples of the compound having a diazabicyclo structure include
1,4-diazabicyclo[2,2,2]octane, 1,5-diazabicyclo[4,3,0]non-5-ene and 1,8-
diazabicyclo[5,4,0]lundec-7-ene. Examples of the compound having an onium hydroxide structure
include trigrytstilfoniLaiRydrexiten phanasylsulfenium hseoxide:amthsuliepiipydisaediaving a
2-oxoalkyl group, specific %ri%%]en%}lsulfonium hydroxide. tris(tert-

butylphe 5??%&&7%8? g %Ci ?%H}%IBW%%iodoniumhydroxide, phenacylthiophenium
hydroxide and 2-¢XefropylthsopherianimriyydroxidecExagnpldésef the compoin having @anaarnitlin
carboxyl i [ ety ving: nium
o e I e b o and
perfluoroMIPRAHBREIARE EXdMples BIOME L dPBLIRIcHETRlY Bariakpiarinee suderefiddude):
tri(n-butyh asninehan chlxiénydciidianinerdexsmnpies of theabiine cemposind RChEe a cycloalkeny!
2,6-diisoprapylaniline -dimethylaniline. N.Ndibutylaniline and N,N-dihexylaniline mples of the
oyl T AR ekl L S or S gy BBt e PR e e 2
diethanokgiiipe Ntslvard Ak 78 ambtAsiratabky ethoryetpliantine rExamiplbs whthdahiline Gerivative
having a M{ngé&%m%gn ether bond include N.N-bis(hydroxyethyl)aniline. One of these
basic compoundsglg sed alone, or twaq or more kinds thereof are us%%)‘i}n c?(i{fnbination. . The
amount of the baSit Bompdand GSETERE RIS FBA GO0 T o T5 A S PR MBRP R ORGP 1 5
mass%, baseg; encthbesolidrcbatent lofdhe resisicemppsition. unit hihegatichétweidyl theacia a
generatogand tiebasic Eompauntised e camBositan s ABIerablY A ORNSIAIRY AR,
compour;xggr% mol) - from 2.5 to 300. e molar ratio Is preferably 2.5 or more n view of

hat is, t
sensitivit $dEeBR3IBR BHE Beféihbly 300 or less from the standpoint of suppressing the reduction

in resolution due tibickeniagoishenasist pedtespentithzagingafias expaswaiunid:beattieatrgnt. The
acid generator/basic, compound o)) is,more preferably from 5.0 to till more preferably from
it il R el e R R S sl

contains §Ry#RB6 FHBtAWE. ivtd PrefepsBpanybhe i rrtecamiied mtky laargir QilieGrabbhiaininga
surfactand A Sy atingrgantaining surtacianik A sHaanNERIRINRGaVaciant b Arsiikiagtant gontaining

both a fluorine ato d a silicon atom) or two or more kinds thereof. W the resis

composit?oh%??ﬁggg?zl%%mliﬁ%ﬁigﬁ%@ﬁ?’gﬁs ‘Q%ﬁaﬁ%\gﬂnﬂfﬁ?@%@sf&q 6atﬁe$ﬁﬂwﬁh°§8 afg%‘?‘?élitivity,
resolutiogramg fofeéremdie be/welkasitbss devdiepniehtadeficts earmbd ebtajngatdfeudinglaniexposure
light sour&ﬁw@é&ﬁu@r%'ﬁé,mrwégye?égemoam%mmﬁéﬂ%kﬁ%@ﬁﬁ@%Jétég{gﬂ -&ﬂm%jning

and/or silicon-containing surfactant include surfactants described in JP-A-62-36663, JP-A-61-226746,
JP-A-61-9867BEARE A W IASSHe SR ERE IMEY(E) JP-A-7-230165, JP-A-8-62834, JP-A-9-54432,
JP-A-9-5988, JP-As202h2 fai862 andiik e Pladenis 5,88m0120, 511360:682, 352321881k y3,296:330,
5,436,098, 5. ' 2 1 51. The fallowing commergcially avaiahl rfactants
each ma;%ra s%ze%iejaé%égﬂaérﬂﬁt‘%’.]a%ggéiﬁaﬁaﬁeé ggﬁ-lg;c%lmx\% %%ﬁ%ﬁ_ é"{‘/g%% %él%%?g&%tgn@vﬁcaﬁ@an be
used inclfdebd fludtine2BBiEiifiSy ofisifiteRstoniMiRg siffactBfit SUBFPEYEftos EEBETIENd BE303
(produceshaycphiicvites Kagaikikiy, FioraedRed 3thd 3 4480: (prodused d1y SumiasmaBidnc.);
Megaface F171, FlY.B, F 76’-':1%9'0':113{ F %i%,%l:l??, 120 and R08 (&roduged b aini%pon.lnk &
Chemical& ) 8 52382 Ee $01°162. 1085104, T8 WM £68 HrsdiRed By REARFERE Co.,
Ltd.): TroysoeBe866 (produced by Troy Chemical); GF-300 and GF-150 (produced by Toagosei

Chemical Industry,Gg. Lidq; pyrd &ﬁs@g‘?%@f lysechy. G Ghef! e%g%ﬂiiié%ﬁﬂwﬁfglél’
EF122A, EF122B, RF122C, EF125M, EF135M, EF351, 352, EF801, EF802 and EF601 (produced by

JEMCO HEYBRE36T PiRgBs! BresEr ST O RBE D) (ROt BIFONINGYNP 8ha BYERBks 2080,
2180, 230@c2040; RASERIR12Rn2 28 anth222D(produced by NEOS Co., Ltd.). In addition,
polysiloxane polymer K2- 344 (pro Ship:E hemical Co...Ltd.) may, also be used as the
siIicon-containing@ﬁerfge%ct%}n@) - %%ﬁ%%ﬁ%’n ?hg%%iﬁl%vﬁr? %nuar%%ggﬁftgéa%rﬁﬁfa%{é gﬁ%cl%?ngsbg po ?/mer
having afﬂ&ﬂ%ﬁ@ﬁ%@%&?@:derived from a fluoro-aliphatic compound which is produced by a
telomerization process (also called a telomer process) or an oligomerization process (also called an
oligomer process), may be used. The fluoro-aliphatic compound can be synthesized by the method
described in JP-A-2002-90991. The polymer having a fluoro-aliphatic group is preferably a
copolymer of a fluoroaliphatic group-containing monomer with a (poly(oxyalkylene)) acrylate and/or a
(poly(oxyalkylene)) methacrylate, and the copolymer may have an irregular distribution or may be a
block copolymer. Examples of the poly(oxyalkylene) group include a poly(oxyethylene) group, a
poly(oxypropylene) group and a poly(oxybutylene) group. This group may also be a unit having
alkylenes differing in the chain length within the sa & chain, such as block-linked poly(oxyethylene,
oxypropylene and oxyethylene) and block-linked pg%ir(oxyethylene and oxypropylene). Furthermore,
the copolymer of a fluoro-aliphatic group-containing monomer and a (poly(oxyalkylene)) acrylate (or

methacrylate) is not limited only to a binary copolymer but may also be a ternary or greater copolymer
ohtained by ecimiiltaneaniiclvy connlvvmerizina two or more diffarant fliinro-alinhatiec Aarolin-containina



(poly(oxypropylene)) acrylate (or methacrylate). In the present invention, a surfactant other than
the fluorine-containing and/or silicon-containing surfactant may also be used. Specific examples
thereof include a nonionic surfactant such as polyoxyethylene alkyl ethers (e.g., polyoxyethylene lauryl
ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polyoxyethylene oleyl ether),
polyoxyethylene alkylallyl ethers (e.g., polyoxyethylene octylphenol ether, polyoxyethylene
nonylphenol ether), polyoxy@yleneepolyoxypropylene block copolymers, sorbitan fatty acid esters
(e.g., sorbitan monolaurate,/sorbitan monopalmitate, sorbitan monostearate, sorbitan monooleate,
sorbitan trioleats; &’&2 an@ arate) and polyoxyethylene sorbitan fatty acid esters (e.g.,
polyoxyethylene sorbitan m(?eia?te polyoxye!%yle@ orbitan monopalmitate, polyoxyethylene
sorbitan monostearate, polygxyethylene sorbitan trioleate, polyoxyethylene sorbitan tristearate).

One of these surfactants réy be used alone, or several surfactants may be used in combination.

The amount of the surfagtant,(F) gsed is preferably from 0.01 to 10 mass%, more preferably from 0.1
to 5 mass%, based on thée epitire armbunt of the resist composition (excluding the solvent). (G) Onium
carboxylate The resistjet mposition of the present invention may contain (G) an onium carboxylate.
Examples of the onium carboxylate include sulfonium carboxylate, iodonium carboxylate and
ammonium carboxylate. In particular, the onium carboxylate (G) is preferably an iodonium salt or a
sulfonium salt. Fuith®rmske (iak Mrb@??%%@si@%@@ﬁtﬁ@ﬁhRfrr%aﬁl%h&&éﬁ(@)‘%raué@aﬁﬁ e
present invansiom prefenaily; apiains-ne AMaliegrabmand no carbon-carbon double bond. The
anion moiety is pgglferab alllnealij branched, monocyclic or polycyclic alkylearboxylate anion having a
carbon number of 1 6730, hofe %re’fegaBH}]an anion of the carboxylic acid with the alkyl group being
partially or entirelj.flcaptiers e dtitdtegeMhiealkylashally heayugontain an oxygen atom. Thanks to such a

construction, the {IRRSAABNEY) [eHaNk of SROIURAN Je$S:is SRSHERHL A §§J’1‘§'H¥i andsipsplytion are
enhanced, and the |so/denEg ias and exposure margin are improved. g fs of the anion of
the quorlﬁeé%ﬁlétﬁﬁtQch%q BTSSR ¥ BB oSO BP At BACR R BER UGB GAck R Aciore

trifluoroageticabiy, qaeﬂaﬂtmmﬁmb@m@acid heptafluorobutyric acid, nonafluoropentanoie acid, perfl

uorododecanoic I r a Y. C
brstrlfluoromethy%%rgp?gﬁfg %%rl m ﬂ;o %ggénru g;%{gé %&Q%ﬁ%ﬁf@?ﬂ%e%w? raé%%trng a

sulloniunfyEdsHRhS & éﬂnmerﬁmrrmé?&(mbrawaledc%lm e rafw&rrerre%seraeh% BBptSpriate
solvent. Thempﬁtgrttfefamgz QMitieArca besdakd @Bawngm;ﬁﬁm@@@ﬂ@er&gaﬁeﬁauy #omdibto 20

mass%, preferabl O 51010 refer om 1 1 to 7m s% on the entire
solid content ¢ o?lt%gréo Solgrlﬁ%lho% Sagiher a«%ﬁtg ﬁ‘ ﬁfe r&Sist compaegsmongo th(é present

invention may furﬂmte‘bht@ihfnﬁéﬁfeﬁnﬁbﬁrer@@Wel%Wst@i@eféﬁéhbtb@miﬂzdﬁaé hphtselbsotber, an

alkali-solyblgwesin, 1@@&5@%9@&5{1@@;@@1@&9@% for accelerating dissolution in a developer
(for example, a pgrggr pound having a molecular weight of 1,000 or less, or a carboxyl
i

group-containing f aliphatic compound), if desired. The phenol compound having a
molecular weight of 1,000 or less can be easily synthesized by one skilled in the art with reference to
the methods described, for example, in J 38 JP-A-2-28531, U,S. Pate t4 916.210 and
European Patent‘é@gzg Specific ex the carboxyl group- a%?ftag; alicyclic or aliphatic
compound include, btg not limited to, a car tic acid derivative having asterpid structure, such
as cholic acid, deoand lithochglic acid/an ada antanecamec/bwc\/lb\d;er%aw\e an
adamantanedicarboxylic’acid; a cyclohexanecarboxylic acid and a cyclohexanedicarboxylic acid.

fcegmc-} fcﬁz—rﬁ\ "\LCHz“HJ{)é fcez—c-)
T T P S
JVC“Z“‘W\ ‘*C”z“‘ﬁ\ —(—czfrzmc—-}
e Py
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EXAMPLES The present invention is described below by referring to Examples, but the present
invention should not be construed as being limited thereto. Synthesis Example 1 (Synthesis of Resin
(AD): Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-neck
flask and heated at 80C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
adamantyl)propag2-y, et 4l o RN LAtRaa i asHate i g.o
mot% based on the

p-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to o]
entire mSHEHERERIBRRTESRH DY §1od Atewingdonyitone was added dropwise over 6 hours. After
the completion of dropwise addition, the reaction was further allowed to proceed at 80C for 2 hours.
The resulting reaction §dfution was allowed to cool and then poured in 720 ml of heptane/80 ml of ethyl
acetate, and the g_p' precipitated was collected by filtration and dried, as a result. 18.3 g of Resin
(Al) was obtained. The weight average molecular weight of the obtained resin was 7.000 and the
dispersity (Mw/Mn) was-£:803 Resin (Al): Wejghtaverage molecular eight: 7,000 Dispersity: 1.80
Molar compositional gdtio: 40/20/40 Synthesis ple 2 (Synthesis of Resin (A2)): Under a

nitrogen stream, 8.4of methyl isobutyl ketone was charged into a three-neck flask and heated at

80C. Thereto, a sdléi fa@ined by dissolving 9.4 g of 2-(1 - adamantyl)propan-2-y1 methacrylate,
4.5 g of 3,5-dihydro -adarfrantyl methacrylate, 6.1 g of 13-methacryloyloxymbutyrolactone and
azobisisobutyronitril rresponding to 7 mol% based on the entire monomer amount, in 75.3 g of
methyl isobutyl ketone was added dropwise over 6 hours. After the completion of dropwise addition,

the reaction was fgr?% S{‘jﬂoxxfzgﬁg %g))%geed[ at 8 % 11flonr 2 ours, '%he [ syltip?%re%(% 'og?sgéjstgoonngvas
allowed to cool and then pouréd in oMl of ﬁepltlaneﬁf mi of eﬁﬁ; HCeth e,pan he powder

precipitatediwascuieefedigysikritivndabid cdfieekiag aiawsult, 17.5 g of Resin (A2) was obtained. The
weight average ml%mgi&hgg@ﬂ?&@ained resin was 5,800 and the dispersity (Mw/Mn) was
0

1.53. Resin (A2):_Weight average molecular eight: ?,8?0 Dispersity: 1.53 Molar compositional ratio:
40/20/40 R, represents a Rydrogen atom or an alkyl group.

Rf, R; and Rs in formula (I) have the same meanings as Rf, R, and R; in formula (Ia).
The compound represented by formula (1) is a novel compound.
As for the compound represented by formula (I), a commercially available product or
a compound synthesized may be used. In the case of synthesizing the compound, this can be
attained by converting a 2-trifluoromethyl methacrylic acid into an acid chloride and then
esterifying the acid chloride.
The resin (I2) containing a repeating unit represented by formula (Ia) preferably

further contains a repeating unit represented by the following formula (III):

f@&-«agww}
L6

|
Re

(I 11)

In formula (II), R4 represents an alkyl group, a cycloalkyl group, an alkenyl group, a
cycloalkenyl group, a trialkylsilyl group or a group having a cyclic siloxane structure.

L represents a single bond or a divalent linking group.

In formula (1II), the alkyl group of Ry is preferably a linear or branched alkyl group
having a carbon number of 3 to 20.

The eycloalkyl group 1s preferably a cycloalkyl group having a carbon number of 3
to 20,
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Synthesis Example 3 (Synthesis of Resin (A3)): Under a nitrogen stream, 19.4 g of methyl
isobutyl ketone was charged into a three-neck flask and heated at 80C. Thereto, a solution obtained
by dissolving 9.4 g of 2-(I- adamantyl)propan-2-y1 methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl
methacrylate, 6.1 g of p-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to
12 mol% based an the entire mongmer amount, in, 65.3 g of methyl isobutyl ketone was added
dropwise over 8 O KKREL FHRBAHERIAEH S EFGILH ERHIGHYRE PEAEHRN WEDR Bher dived to
proceed at 80C fdh2 hpirs:iRdmy resalting reaitiobl ol utiohoulasrallgwed tbaasdat anchthen pauted in 720
ml of hepﬁ@et@ﬁ)or_nl of ethyl acetate, and the powder precipitated was collected by filtration and dried,
as aresult, 15.5 g of Resin (Asi was obtained. The weight average molecular weight of the obtained
resin was 2,800 %hﬂﬁ@laﬂéﬁéy BN VST SR 1 o6l aRed i (hs e uneRyineay ergeren msiabei &l dight:
2.800 Dispersity: 1.26 Molar compositional ratio: 40/20/40 Synthesis Example 4 (Synthesis of Resin
(AD)): Under,a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-neck
flask and heated SPBEE T HEAHS. & Aol O OB A By BBV Y 8 et S ontaimin & el
adamantypprepant2siirmentitng vl atehbdnSigndied, 8L diky didxy-1-adamantyl methacrylate, 6.1 g of
13-methaCW'OV'WM@@HﬁM@?@ﬂ%&?ﬁQW&@QB%Yé%w'&%Hﬁ%ﬂ@d@gﬁ'ﬁ% [3:21mabx haskd gn the
r

entire mono&ﬁr amount, in 75,3 g of methyl isobutyl ketone was added dropwise over'6 hours. After

the compietiéit SREBHAES KacktBrR AR 85N was further allowed to proceed at 80C for 2 hours.
The resulting rea&tieni 8olutionpias dlldwedsia ¢Bollandribhensppeieainb8omisateptanefdz0:ml of

ethyl acej%?m%rg%t@&&qyg %:pg%c{%tggggemqﬁ‘%?]q?&qg }p& Egﬁgggﬁglg%%)dried, as aresult, 17.6 g of

Resin (A4) was obtained. The weight average molecular weig tained resin was 7,000 and
the dispersity (Mgv/Mn) was 1.55. &esin (A4): Weg,ght average malecular eight: 7.000 Dispersity: 1.55

Molar comp@j‘giq;lyl ratio: 40/2‘(}549533. —fc:Hz-»c‘;-}» CH—C
T T D "
& - CcH wgf)a fonycr +or —gf}% ferycnt
‘(‘CH;j\—Z -{-CHz gﬁ '{‘ ;)\0 2 (::_H-z ;)\O 2 C:-Hz
‘\(\/\MS[‘* YK’/ i PPN

CFa

qﬂcw% {forygry \LCHZ"E}S ‘{TCHz"g“% ‘{‘CHz'j;} \LC'HZ'O‘?”}'

Tt P T T

CFq

fCHz—E’? {cwz—gm\ (—CH;—j\—} ‘QCHE-EH} {—m;fz {CHz-gH}-

2 c GFa
%CHZ—CH%' fcwzjif}" feh,-cr) *(‘Csz\—)? '(‘CHZ—CH-) -fcm-if);
oo
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Synthesis Example 5 (Synthesis of Resin (AS)): Under a nitrogen stream, 8.4 g of methyl isobutyl
ketone was charged into a three-neck flask and heated at 80C. Thereto, a solution obtained by
dissolving 9.4 g of 241- adamantyOpropan-2-y1 methacrylate, 4.5 g of 3.5-dihydroxy-l-adarnantyl
methacrylate, 6.1 g of 13-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to
7 mol% based on.the entire monomer amounte| in 75.3 g of methyl isobutyl kat_one was added dropwise
over 6 hour. e corplet f dr dditio ﬂskecseﬁctmn o rallo @pfoceed at
80C for 2 hjl?ré’I e resulting gz}cct)longgmwa allowegHd cool an }}%ﬁ%oure(ﬁ{ﬁﬂ%ﬁ)% of
heptane/80 ml of ethyl ac tate‘ﬁa“nd the powdemgr/ef%pltateﬁ'vvas collected tratio a ied, as a
result, 18.5 g of Resi was obtained. The weight average molecular weightjof obtained resin
was 6,000 and the dispersity (Mw/Mn) wa . Resin (A5): Weight average molecular eight: 6,000
Dispersity: 1.75 Molar compositional ratio: 40/20/40 Resist Composition (Al): A solution having a
solid content concentration of 5.8 mass% obtained by dissolving the components shown below in a
mixed solvent of pedyethylene gly ol mog_%m ether on %Ie. glyco ethyl ether
(60:40) Waiﬁﬂf[e“r gthrou ethylene ?l havméa&%q;e sue% to pr %esst
Composition (Ady. esin I 1.83 g, tn@ Isulfonlu onaflate 65ng dlphe aniline: 8.7

mg, and PF6320 -cont ining surfactant p MNOVA) esi mposmons
(A2) to (A5): Resist Compositions (A2) to (A5) were p ared in the_.same mannerexcept for
using Resins (A2) to (A.5) in place of Resin (Al). Comparative Example 1: An organic

antireflection film, ARC29A @gfoduced by Nissan ChemicakIndustries, Ltd.), was coatgd on a 8-inch

silicon waférf-‘anq*b}lked(-atizz C for 60 s{e@(&n@s}to fotmmac?8- nm antrf@lﬁ filtfrraner Resist
Composmon (&iﬁ prepar bove was coa?%éd;thereoncé)h baked at 126&fer 60 s ds to form a

150-nm resjs, film. STfhe ob Xposure dsing an Arf‘ej«fimer laser
scanner (NA: 53 Thereatter,'the resist flﬁgsm%s heated at 120C for 60 seconds, developed with an
agueous tetrame}hylammonlum hydroxide s dtion (2.38 mass%) (positive tone developer) for 30

seconds (positive tone development), and rinsed with pure waterto obtain a pattern having a pitch of
600 nm and,a line w, dth of 4:5,0 rim Furthermore, the reS|st film was developed with bquI acetate
(negative td’% 730 second Velopm glzseﬁw 1 hexanot
(rinsing solutlorr?“negatﬁe ne develo ment)_for 30 s?é@nds and ere%ﬁ~ egitafer was rotated
at a rotation number of 3,000 r r 30 second to ob 0-nm (1-1) lipe-and-sp ist
pattern. Examples 1 to 4: nthe same man eF as in Co paratlve Exan'?p'l’e 1, 150-nm (1:1) resist
patterns were obtained using Regist Compositions (A2) to (A5), respectlvely

—{»«cH:)—j:';z {-cHz-g:j- -{-Cﬂscz -{CHﬁH-T -{‘cng—c} -{cwz—m—}
S AR e

The resin (D) is preferably a resin containing a repeating unit represented by the

following formula (I} and a repeating unit represented by the following formula (1II):

Rf
fCHzmé-} CHszE—%
@)\@m ‘6 é‘ﬁ n
Ry Re
(I1) (I 11)

In formulae (II} and (III), Rf represents a fluorine atom or an alkyl group with at least
one hydrogen atom being substituted by a fluorine atom.

R; represents an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl
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Evaluation of Line Edge Roughness (LER): The 150-nrn (1:1) line-and-space resist patterns
obtained in Comparative Example 1 and Examples 1 to 4 were observed by a scanning microscope
(59260, manufactured by Hitachi Ltd.). With respect to the range of 2 um edge in the longitudinal
direction of the 150-nrn line pattern, the distance from the reference line where the edge should be

present %%Q%%Jé? a?tfggn%al C%%ﬁﬁgéq;@gmpg ?n%&gcgﬁlégcgpwatlon 3a (unit: nm) was

calculated. A'smaller value indicates better performance. The results are shown in Table 1. Table |

Resist CompositiBn e MR A IWERIH Dispelemik Y iERqgm prethparheve Exarpiéoalkgny!

group, a trialkylsilyl group, a group having a cyclic siloxane structure, or a group formed by
combining two or more members thereof.

In the alky! group, cycloalkyl group, alkenyl group, cycloalkenyl group and
trialkylsilyl group of R; and R4, a functional group can be introduced but in view of
followability of imimersion liquid, a functional group having no polar group is preferred, and
an unsubstituted functional group is more preferred.

Ls represents a single bond or a divalent linking group.

0<m<100.

(<n<iOo0.

In formula (II}, Rf has the same meaning as Rf in formula (Ia).

The alkyl group of R; is preferably a linear or branched alkyl group having a carbon
number of 3 to 20.

The cycloalkyl group is preferably a cycloalky! group having a carbon number of 3
to 20.

The alkenyl group is preferably an alkenyl group having a carbon number of 3 to 20.

The cycloalkenyl group is preferably a cycloalkenyl group having a carbon number
of 3 to 20.

14 is preferably a single bond, a methylene group, an ethylene group or an ether
group. |

m and n are preferably from 30 to 70 and from 30 to 70, respectively, more
preferably from 40 to 60 and from 40 to 60, respectively.

Specific examples of the resin (D) containing a repeating unit represented by formula
(I) and a repeating unit represented by formula (III) are set forth below, but the present

invention is not limited thereto.

CF3

-('CH;_ c—} {CHZCH} fCHz*C'} {‘CHfCH%- —fCHz C-} {—CHQ—CH}

S )Y S B

F
{_Cszg_}‘“’ {_CHZ_CH_}_ fCH?_ c—} Jrc:H2 CH—} —fcr-efc-} {—CHE-—GH—}
o o —;‘:l,i— ‘“Sl“ o o _Su——

| ,k( i' _1, |
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Al 7000 1.80 9.5 Example 1 A2 A2 5800 1.53 6.8 Example 2 A3 A3 2800 1.26 5.2 Example 3

CFs

CHz-C—} femy CHT fCHrC-} £CH,- CH} Len, j:} {ehy CH'-)' +er, ,j\—} £y CH—)-
BF _xT BT BT
GFa
{—CHZ—CH-} -('Cngé-}« LCHQWCHJf (G c-} {-CHQ—?H‘} fcwgﬁ—}
"“Sl\ o “o o 0 o Sty o0

~ . ‘J' r X
/S< :s;f_ /Szb GSuE O ,S!\O ’0{81
D\SEJO ~gi /S!\

Cha 7 CFy CFy
{c&»%rc;w} {CH,C ! CH2~CH~—} fCHC {‘CHQWCH‘} CHC
™0 ' A

~{-CH2~c—} feny CH-} {—{:HZ——CJF Loy CH-} fCH;‘*Ci fen, CH—}
0 )o\[/ _?_ o %CF-' ___g{_ _Jr‘

~§F3 CHyCHT - szg}:s CH:G
tog) fovgf tordd deg)

)
| |

The resin (D) may contain a repeating unit represented by the following formula
(VID):

9 Q

In formula (VIII), Z, represents -O- or -N(Ra4i)-. Ry represents a hydrogen atom,
an alkyl group or -OS0;-Ra. Rap represents an alkyl group, a cycloalkyl group or a
camphor residue. The alkyl group of Ry and Ry may be substituted by a halogen atom
(preferably fluorine atom) or the like.

The resin () is preferably solid at ordinary temperature (25°C). Furthermore, the
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A4 A4 7000 1.55 7.0 Example 4 AS AS 6000 1.75 7.1 Example 5: An organic antireflection film,
ARC29A (produced by Nissan Chemical Industries, Ltd.), was coated on a 8-inch silicon wafer and
baked at 205C for 60 seconds to form a 78-am antireflection film, and Resist Composition (A2)
prepared above was coated thereon and baked at 120C for 60 seconds to form a 150-mn resist film.

The obtajnged WalerwaSSHRIGAIRE (9 PAUSH RXRASURS HSIA0 AP AT CXRIREL SERSCANERING: 0.75)-

Thereafter, the resist film was heated at 120C for 60 seconds, developed with an agueous
tetrametﬁyﬁgrﬁnonlum hydroxide solution (2.38 mass%) (positive tone developer) for 30 seconds
(positive tone devElogamientisand siriseat BRMCD tie w&terstmmﬁedmlﬂagqmﬂ&ayimya piteloed. 600 nm

and a line width Furth r ilm_ was develo Wlth eth aceta ative
tone developer) %tp Isaii,\srtgzion S 1nem{a((%tlllg e%%% d? & o%ar%:b )rgﬁ%ls‘rjl}rjlggg “with 1- gncﬁ f |n5|%ﬁg

solution farifiEgriE W@ge%@ﬁ@mmr 3@@e@wwkarmqr@%aﬁ@maﬁ@mm@@m@mta@édﬁm a
rotation EAbekef B,00RcERiah 3% seceRES IR RRIAIMA IR ddat) nRiARdiRPaGE sesiskpalier.

Examples 6. In the s er a in Ex pIe 5, 150- | ) resist patterns were '
obtamed%g‘ffg?ﬁgaﬁgﬁg?’l%%p §|¥8ﬁ?&%€:§ﬁ c%jr%1 gt H@?\égg Wé t8he developer and the rinsing
solution for negathe: tere deyeigpeienbhsssidam imnfable2d ralubtiom ehRikrdndignaipgniformity:
In view of followability of immersion liquid, the resin (D) preferably contains none
of (x} an alkali-soluble group, (v} a group capable of decomposing by the action of an alkali
(alkali developer) to increase the solubility in an alkali developer, and (z) a group capable of
decomposing by the action of an acid to increase the solubility in a developer.
[n the resin (D), the total amount of repeating units having an alkali-soluble group or
a group whose solubility in a developer increases by the action of an acid or alkali is
preferably 20 mol% or less, more preferably from 0 to 10 mol%, still more preferably from 0
10 5 mol%, based on all repeating units constituting the resin (D).
Also, unlike a surfactant generally used for resists, the resin (D) does not have an
ionic bond or a hydrophilic group such as (poly(oxyalkyiene)) group. If the resin (D)
contains a hydrophilic polar group, the followability of immersion water tends to decrease.
Therefore, it is more preferred not to contain a polar group selected from a hydroxyl group,
alkylene glycols and a sulfone group. Furthermore, an ether group bonded to the carbon
atom of the main chain through a linking group is preferably not contained because the
hydrophilicity increases and the followability of immersion liquid deteriorates.  On the other
hand, an ether group bonded directly to the carbon atom of the main chain as in formula (ILI)
can sometimes express activity as a hydrophobic group and is preferred.
Examples of the alkali-soluble group (x) include groups having a phenolic hydroxyl
group, a carboxylic acid group, a fluorinated alcohol group, a suoifonic acid group, a
sulfonamide group, a sulfonylimide group, an (alkylsulfonyl)alkylcarbonyl)methylene group,
an (alkylsulfonyl){(alkylcarbonyl)imide group, a bis(alkylcarbonyl)methylene group, a
bis(alkylcarbonyl)imide group, a bis(alkylsulfonylmethylene group, a
bis(alkylsulfonylyimide  group, a  ftris(alkylcarbonyl)methylene  group or a
tris(alkylsulfonylmethylene group.
Examples of the group (v) capable of decomposing by the action of an alkali (alkali
developer) to increase the soitubility in an alkali developer include a lactone group, an ester
group, a sulfonamide group, an acid anhydride and an acid imide group.

Examples of the group (z) capable of decomposing by the action of an acid to
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The 150-nm (1:1) line-and-space resist patterns obtained in Examples 1 and 5 to 18 each was
measured for the dimension at 50 portions at intervals of 2 nm by using a scanning microscope
(89260, manufactured by Hitachi Ltd.). The standard deviation of 50 portions was determined, and 3a
(unit: nm) was calculated. A smaller value indicates better performance. The results are shown in

Tgble 2-_ inagle2 ‘@N@%W&ﬂfz?nﬁz DevelopspRinsingRokutondor Nagative fong Revelapmenty.
Dimensiopal  Unif {mlt lgnr.n) {Examglg 1 butyl aé:letate 1-hexanol 3.1
ecomposable group i the acid-decomposable resin (AS.
However, the repeating unit represented by the following formula (pA-c) is not or
scarcely decomposed by the action of an acid as compared with the acid-decomposable group

of the resin (A} and is regarded as substantially non-acid-decompesable.

CF
—{»mz—@;

0”0
Rpg
{pA—c)

In formula (pA-c), Rp; represents a hydrocarbon group having a tertiary carbon atom
bonded to the oxygen atom in the formula.

In the case where the resin (D) contains a silicon atom, the silicon atom content is
preferably from 2 to 50 mass%, more preferably from 2 to 30 mass%, based on the molecular
weight of the resin (I2).  Also, the silicon atom-containing repeating unit preferably occupies
from 10 to 100 mass%, more preferably from 20 to 100 mass%, in the resin (D).

In the case where the resin (D) contains a fluorine atom, the fluorine atom content is
preferably from 5 to 80 mass%, more preferably from 10 to 80 mass%, based on the
molecular weight of the resin (D). Also, the fluorine atom-containing repeating unit
preferably occupies from 10 to 100 mass%, more preferably from 30 to 100 mass%, in the
resin (D).

The standard polystyrene-reduced weight average molecular of the resin (D) is
preferably from 1,000 to 100,000, more preferably from 1,000 to 50,000, still more preferably
from 2,000 to 15,000, yet still more preferably from 3,000 to 15,000,

The residual monomer amount in the resin (D) is preferably from 0 to 10 mass%,
more preferably from 0 to 5 mass%, still more preferably from 0 to 1 mass%. Also, in view
of the resolution, resist profile, and side wall, roughness or the like of the resist pattern, the
molecular weight distribution (Mw/Mn, also calied dispersity) is preferably from 1 to 5, more
preferably from 1 to 3, still more preferably from 1 to 1.5.

The amount added of the resin (D) in the resist composition 1s preferably from 0.1 to
20 mass%, more preferably from 0.1 to 10 mass%, still more preferably from 0.1 to 5 mass%,
even still more preferably from 0.2 to 3.0 mass%, vet even still more preferably from 0.3 to

2.0 mass%, based on the entire solid confent of the resist composition.
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In the resin (D), similarly to the acid-decomposable resin {A), impurities such as
metal are of course little contained and as well, the content of residual monomers or oligomer
components is preferably not more than a specific value, for example, (.1 mass% by HPLC.
By satisfying these conditions, not only the resist can be improved in the sensitivity,
resolution, process stability, pattern profile and the like but also a resist free from extranecus
substances in liquid or change with aging in the sensitivity and the like can be obtained.

As for the resin (D), various commercially available products may be used or the
resin may be synthesize by an ordinary method {(for example, radical polymerization)).
Examples of the synthesis method in general include a batch polvmerization method of
dissoiving monomer species and an initiator in a2 solvent and heating the solution, thereby
effecting the polymerization, and a dropping polymerization method of adding dropwise a
solution containing monomer species and an initiator to a heated solvent over 1 to 10 hours.
A dropping polymerization method is preferred. Examples of the reaction solvent include
tetrahydrofuran, 1,4-dioxane, ethers such as diisopropyl ether, ketones such as methyl ethyl
ketone and methyl isobutyl ketone, an ester solvent such as ethyl acetate, an amide solvent
such as dimethylformamide and dimethylacetamide, and the later-described solvent capable
of dissolving the composition of the present invention, such as propylene glycol monomethyl
ether acetate, propylene glvcol monomethyl ether and cyclohexanone. The polymerization
is more preferably performed using the same solvent as the solvent used in the resist
composition of the present invention. By the use of this solvent, generation of particles
during storage can be suppressed. '

The polymerization reaction is preferably performed in an inert gas atmosphere such
as nitrogen and argon. As for the polymerization initiator, the polymerization is started
using a commercially available radical initiator (e.g., azo-based initiator, peroxide). The
radical initiator is preferably an azo-based initiator, and an azo-based initiator having an ester
group, a cyano group or a carboxyl group is preferred. Preferred examples of the initiator
include azobisisobutyronitrile, azobisdimethylvaleronitrile and dimethyl 2,2'-azobis(2-
methylpropionate). A chain transfer agent may also be used, if desired. The reaction
concentration is usually from 5 to 50 mass%, preferably from 20 to 50 mass%, more
preferably from 30 to 50 mass%, and the reaction temperature is usually from 10 to 150°C,
preferably from 30 to 120°C, more preferably from 60 to 100°C.

After the completion of reaction, the reaction product is allowed to cool to room
temperature and purified. The purification may be performed by a normal method, for
example, a liquid-liquid extraction method of combining water washing with an appropriate
solvent to remove residual monomers or oligomer components; a purification method in a

solution sate, such as ultrafiltration of exiracting and removing only polymers having a
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molecular weight lower than a specific molecular weight; a reprecipitation method of adding
dropwise the resin solution in a poor solvent fo solidify the resin in the poor solvent and
thereby remove residual monomers and the like; or a purification method in a solid state, such
as washing of the resin slurry with a poor solvent after separation by filtration. For example,
the resin is precipitated as a solid through contact with a solvent in which the resin is
sparingly soluble or insoluble (poor solvent) and which is in a volume amount of 10 times or
less, preferably from 10 to 5 times, the reaction solution.

The solvent used at the operation of precipitation or reprecipitation from the polymer
solution (precipitation or reprecipitation solvent) may be sufficient if it is a poor solvent for
the polymer, and the solvent used may be appropriately selected according to the kind of the
polymer from, for example, a hydrocarbon (an aliphatic hydrocarbon such as pentane, hexane,
heptane and octane; an alicyclic hydrocarbon such as cyclohexane and methyleyclohexane;
and an aromatic hydrocarbon such as benzene, toluene and xvlene), a halogenated
hydrocarbon (a halogenated aliphatic hydrocarbon such as methylene chloride, chioroform
and carbon tetrachloride; and a halogenated aromatic hydrocarbon such as chlorobenzene and
dichlorobenzene), a nitro compound (e.g., nitromethane, nitroethane), a nitrile (e.g.,
acetonitrile, benzonitrile), an ether (a chain ether such as diethy! ether, diisopropyl ether and
dimethoxyethane; and a cyclic ether such as tetrahydrofuran and dioxane), a ketone (e.g.,
acetone, methyl ethyl ketone, diisobutyl ketone), an ester (e.g., ethyl acetate, butyl acetate), &
carbonate (e.g., dimethyl carbonate, diethyl carbonate, ethylene carbonate, propylene
carbonate), an alcohol (e.g., methanol, ethanol, propanoi, isopropyl alcohol, butanol), a
carboxylic acid (e.g., acetic acid), water, and a mixed solvent containing such a solvent.

Among these, the precipitation or reprecipitation solvent is preferably a solvent
containing at least an alcohol (particularly methanol or the like) or water. In such a solvent
containing at least a hydrocarbon, the ratio of the alcohol (particularly methanol or the like) to
other solvents (for example, an ester such as ethyl acetate, and ethers such as tetrahydrofuran)
1s approximately, for example, the former/the latter (volume ratio, at 25°C) = from 10/90 io
99/1, preferably the former/the latter (volume ratio, at 25°C) = from 30/70 to 98/2, more
preferably the former/the latter (volume ratio, at 25°C) = from 50/50 to 97/3.

The amount of the precipitation or reprecipitation solvent used may be appropriately
selected by taking into account the efficiency, yield and the like, but in general, the amount
used is from 100 to 10,000 parts by mass, preferably from 200 to 2,000 parts by mass, more
preferably from 300 to 1,000 parts by mass, per 100 parts by mass of the polymer solution.

The nozzle bore diameter at the time of feeding the polymer solution into a
precipitation or reprecipitation solvent (poor solvent) is preferably 4 mmé or less (for

example, from 0.2 to 4 mmé). and the feeding rate (dropping rate) of the polymer solution
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into the poor solvent is, for example, in terms of the linear velocity, from 0.1 to 10 m/sec,
preferably on the order of 0.3 to 5 m/sec.

The precipitation or reprecipitation operation is preferably performed under stirring.
Examples of the stirring blade which can be used for stirring include a disc turbine, a fan
turbine (including paddle), a curved vane turbine, a feathering turbine, a Pfaudler type, a bull
margin type, an angled vane fan turbine, a propelier, a multistage type, an anchor type (or
horseshoe type), a gate type, a double nbbon and a screw. The stirring is preferably further
performed for 10 minutes or more, more preferably 20 minutes or more, after the completion
of feeding of the polymer solution. If the stirting time is short, the monomer content in the
polymer particle may not be sufficiently reduced. The mixing and stirring of the polymer
sclution and the poor solvent may also be performed using a line mixer instead of the stirring
blade.

The temperature at the precipitation or reprecipitation may be appropriately selected
by taking into account the efficiency or operability, but the temperature is usually on the order
of 0 to 50°C, preferably in the vicinity of room temperature (for example, approximately from
20 to 35°C). The precipitation or reprecipitation operation may be performed using a
commonly employved mixing vessel such as stirring tank according to a known method such
as batch system and continuous system.

The precipitated or reprecipitated particulate polymer is usually subjected to
commonly employed solid-liquid separation such as filtration and centrifugation, then dried
and used. The filtration is performed using a solvent-resistant filter element preferably
under pressure. The drying is performed under atmospheric pressure or reduced pressure
(preferably under reduced pressure) at a temperature of approximately from 30 to 100°C,
preferably on the order of 30 to 50°C.

Incidentally, after the resin is once precipitated and separated, the resin may be again
dissolved in a solvent and then put into contact with a solvent in which the resin is sparingly
soluble or insoluble.

More specifically, there may be used a method comprising, after the compietion of
radical polymerization reaction, precipitating a resin by bringing the polymer into contact
with a solvent in which the polymer is sparingly soluble or insoluble (step a), separating the
resin from the solution (step b), anew dissolving the resin in a solvent to prepare a resin
solution A (step c), precipitating a resin solid by bringing the resin solution A into contact
with a solvent in which the resin is sparingly soluble or insoluble and which 1s in a volume
amount of less than 10 times (preferably a volume amount of 5 times or less) the resin
solution A (step d), and separating the precipitated resin (step e).

As for the solvent used at the preparation of the resin solution A, a soivent similar to
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isoamyl acetate dodecane 9.2 Example 18 isoamyl acetate 1-heptanol/decane (50/50) 3.7 The
vapor pressure and boiling point of each of the solvent for negative tone developer and the solvent for
rinsing solution for negative tone development used in Examples 1 and 5 to 18 are shown in Table 3.
Table 3 Example 19: An organic antireflection film, ARC29A (produced by Nissan Chemical
Industries, Ltﬁi.&, was ﬁc%at on a 8-inch silicon wafer anq baked at 205C for 60 seconds,to farm a
78-1im SNBSS A R S CoSBaleh TADS Broparad Abay e At 2 P nbrashnd baked
at 120CHorsedvsatomds te fbe, samnsCher rédisteinh frhe Gistavlaanvaisdwasiubielstadiaapatern
exposureising an ArF excimer laser scanner (NA: 0.75). Subsequently, the resist film was developed
with butyl acetate (negative tone developer) for 30 seconds (negative tone development) and rinsed
with 1-He; ﬁﬁﬁ“ﬁﬁﬂgﬁ?ﬁ‘g&ution for negative tone development) for 30 seconds, and thereafter, the
wafer was rotadiéd atsisotatiopasiimbesOfiB;008spm fior SttisecendstdbbtaintapattEin havisig a pitch

of 400 gﬁ}@%@.ﬁd@%@ 9’8&%}@%&9%&@%%@&%&%@ J9B %eing é@&h&geg%%m%%gs in Example

19, pat aving a pi 0 nm and a line width of 200 nm were obtained using Resist
Compositions (APFIEAGY M 1B 2 tH1EBSiFe SPRIRIEN . TREASrRIRRIBINE DM RESRIECHNEBL Rions (A2)
to (A5) argrasfieddribed abevs, andihefeniolaticias O Resisi:Compositions (Bl ) to (B6) are shown in
Table 5 below. Evaluation of Line Edge Roughness (LER):

RZ@'E Rm ?ﬁaﬁ
SO P Bfloe ™ — . 206G
Rzm—i%“*ﬂm *““ﬁlmi)m?@—“ zJ:mNﬂéw mimé,m : % WER
A @ (©) ) ®

In formulae (A) to (E), each of R20 R and R*™ which may be the same or different
represents a hydrogen atom, an alkyl group (preferably having a carbon number of 1 to 20), a
cycloalkyl group (preferably having a carbon number of 3 to 20) or an aryl group (having a
carbon number of 6 to 20), and R** and R*™ may combine with each other to form a ring.

As for the alkyl group, the alkyl group having a substituent is preferably an aminoalkyl
group having a carbon number of 1 to 20, a hydroxyalky!l group having a carbon number of 1
to 20, or a cyanoalkyl group having a carbon number of 1 to 20.

Bach of R?®, R?™, R®® and R* which may be the same or different represents an
alky!l group having a carbon number of 1 to 20.

The alkyl group in these formulae (A) and (E) is more preferably unsubstituted.

Preferred examples of the compound include guanidine, aminopyrrolidine, pyrazole,
pyrazoline, piperazine, aminomorpholine, aminoalkylmorpholine and piperidme. More
preferred examples of the compound include a compound having an imidazole structure, a
diazabicyclo structure, an onium hydroxide structure, an onium carboxylate structure, a
trialkylamine structure, an aniline structure or a pyridine structure; an alkylamine derivative
having a hydroxyl group and/or an ether bond; and an aniline derivative having a hydroxyl

group and/or an ether bond.

Examples of the compound having an imidazole structure include imidazole, 2,4,5-
triphenylimidazole and benzimidazole. Examples of the compound having a diazabicyclo
structure include 1,4-diazabicyclo]2,2,2}octane, 1,5-diazabicyclo{4,3,0lnon-5-ene and 1.8-
diazabicyclo[5,4,0]undec-7-ene. Examples of the compound having an onium hydroxide
structure include triarylsulfonium hydroxide, phenacylsulfonium hydroxide and sulfonium

hydroxide having a 2-oxoalkyl group, specifically, triphenylsulfonium hydroxide, tris(tert-
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The patterns having a pitch of 400 nm and a line width of 200 nm obtained in Examples 19 to 29 were
observed by a scanning microscope (59260. manufactured by Hitachi Ltd.). With respect to the range
of 2 pm edge in the longitudinal direction of the 200-nm line pattern, the distance from the reference

line where the edge should be present was measured at 50 points and after determining the standard

deviatio_rb@@;ﬁh@i{yngu)mggrgalcuIa;gqirgxgiggllgr v@ggéﬁwegggfdagﬁgﬁ@ance_.h'l;lagogggyalts_, are
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compound having an onium carboxylate structure inciude a compound where the anion
moiety of the compound having an onium hydroxide structure is converted into a carboxylate,
such as acetate, adamantane-1-carboxylate and perflucroaikyl carboxylate. Examples of the
compound having a trialkylamine structure include tri(n-butyl)amine and tri{n-octyl)amine.
Examples of the aniline compound include 2,6-diisopropylaniline, N,N-dimethylaniline, N,N-
dibutylaniline and N,N-dihexylaniline. Examples of the alkylamine derivative having a
hydroxyl group and/or an ether bond include ethanolamine, diethanolamine, triethanolamine
and tris(methoxyethoxyethylyamine. Examples of the aniline derivative having a hydroxyl
group and/or an ether bond include N,N-bis(hydroxyethyl)aniiine.

One of these basic compounds 1s used alone, or two or more kinds thereof are used in
combination.

The amount of the basic compound used is usually from 0.001 to 10 mass%,
preferably from .01 to 5 mass%, based on the solid content of the resist composition.

The ratic between the acid generator and the basic compound used in the
composition is preferably acid generator/basic compound (by mol) = from 2.5 to 300. That
i3, the molar ratio is preferably 2.5 or more in view of sensitivity and resolution and
preferably 300 or less from the standpoint of suppressing the reduction in resolution due to
thickening of the resist pattern with aging after exposure until heat treatment. The acid
generator/basic compound {by mol} is more preferably from 5.0 to 200, still more preferably
from 7.0 to 150,

(F) Surfactant

The resist composition of the present invention preferably further contains (I) a
surfactant, more preferably any one fluorine-containing and/or silicon-containing surfactant (a
fluorine-containing surfactant, a silicon-containing surfactant or a surfactant containing both a
fluorine atom and a silicon atom) or two or more kinds thereof.

When the resist composition of the present invention contains the surfactant (F), a
resist pattern with good sensitivity, resolution and adherence as well as less development
defects can be obtained in using an exposure light source of 250 nm or less, particularly 220
nm or less.

Examples of the fluorine-containing and/or silicon-containing surfactant include
surfactants described in JP-A-62-36663, JP-A-61-226746, JP-A-61-226745, JP-A-62-170950,
JP-A-63-34540, JP-A-7-230165, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988, JP-A-2002-
277862 and U.S. Patents 5,405,720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 5,576,143,
5,294,511 and 5,824,451, The following commercially available surfactants each may also
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be used as it 1s.

Examples of the commercially available surfactant which can be used include a
fluorine-containing or silicon-containing surfactant such as EFtop EF301 and EF303
(produced by Shin-Akita Kasei K.K.); Florad FC430, 431 and 4430 (produced by Sumitomo
3M Inc.); Megaface F171, F173, F176, F189, F113, F110, F177, F120 and RO8 (produced by
Daimippon Ink & Chemicals, Inc.); Surflon 5-382, SC101, 102, 103, 104, 105 and 106
(produced by Asahi Glass Co., Ltd.); Troysol §-366 (produced by Troy Chemical); GF-300
and GF-150 (produced by Toagosei Chemical Industry Co., Lid.); Surflon $-393 (produced
by Seimi Chemical Co., Ltd.); Eftop EF121, EF122A, EF122B, RF122C, EF125M, EF135M,
HF351, 352, EF861, EF802 and EF60! (produced by JEMCO Inc.); PF636, PF656, PF6320
and PF6520 (produced by OMNOVA): and FTX-204D, 208G, 218G, 230G, 204D, 208D,
212D, 218 and 222D (produced by NEOS Co., Lid.). In addition, polysiloxane polymer KP-
341 (produced by Shin-Etsu Chemical Co., Ltd.) may also be used as the silicon-containing
surfactant.

Other than those known surfactants, a surfactant using a polymer having a fluoro-
aliphatic group derived from a fluoro-aliphatic compound which is produced by a
telomerization process (also called a telomer process) or an oligomerization process (also
called an oligomer process), may be used. The fluoro-aliphatic compound can be
synthesized by the method described in JP-A-2002-90991.

The polymer having a fluoro-aliphatic group is preferably a copolymer of a fluoro-
aliphatic group-containing monomer with a (poly(oxyalkylene)) acrylate and/or a
(poly(oxyalkylene)) methacrylate, and the copolymer may have an irregular distribution or
may be a block copolymer. Examples of the poly(oxyalkylene) group include a
poly(oxyethylene) group, a poly(oxypropylene) group and a poly(oxybutylene) group. This
group may also be a unit having alkylenes differing in the chain length within the same chain,
such as block-linked poly(oxyethylene, oxypropylene and oxyethylene) and block-linked
poly(oxyethylene and oxypropylene). Furthermore, the copolymer of a fluoro-aliphatic
group-containing monomer and a (poly{oxyalkylene)) acrylate (or methacrylate) is not limited
only to a binary copolymer but may also be a ternary or greater copolymer obtained by
simultaneously copolymerizing two or more different fluoro-aliphatic group-containing
meonomers or two or more different (poly{oxyalkylene)) acrylates (or methacrylates).

Examples thereof include, as the commercially available surfactant, Megaface F178,
E-470, F-473, ¥-475, F-476 and F-472 (produced by Dainippon Ink & Chemicals, inc.) and
further include a copolymer of a CgF3 group-containing acrylate (or methacrylate) with a
(poly(oxyalkylene)) acrylate (or methacrylate), and a copolymer of a C3F; group-containing
acrylate (or methacrylate) with a (poly(oxvethylene)) acrylate (or methacrylate) and a
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(poly(oxypropylene)) acrylate (or methacrylate).

In the present invention, a surfactant other than the fluorine-containing and/or silicon-
containing surfactant may also be used. Specific examples thereof include a nonionic
surfactant such as polyoxyethylene alky!l ethers (e.g., polyoxyethylene lauryl ether,
polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polyoxyethylene oleyl ether),
polyoxyethylene alkylallyl ethers (e.g., polyoxyethylene octylphenol ether, polyoxyethylene
nonylphenol ether), polyoxyethyleneepolyoxypropylene block copolymers, sorbitan fatty acid
esters (e.g., sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan
monooleate, sorbitan trioleate, sorbitan tristearate) and polyoxyethylene sorbitan fatty acid
esters {e.g., polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate,
polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan trioleate, polyoxyethylene
sorbitan tristearate).

One of these surfactants may be used alone, or several surfactants may be used in
combination.

The amount of the surfactant (F) used is preferably from 0.01 to 10 mass%, more
preferably from 0.1 to 5 mass%, based on the entire amount of the resist composition
{(excluding the solvent).

(G) Onium carboxylate

The resist composition of the present invention may contain (G) an onium
carboxylate. Examples of the onium carboxylate include sulfonium carboxylate, iodonium
carboxylate and ammonium carboxylate. In particular, the oniwm carboxylate (G) is
preferably an iodonium salt or a sulfonium salt. Furthermore, the carboxylate residue of the
onium carboxylate (G} for use in the present invention preferably contains no aromatic group
and no carbon-carbon double bond. The anion moiety is preferably a linear, branched,
monocyclic or polycyclic alkylearboxylate anion having a carbon number of 1 to 30, more
preferably an anion of the carboxylic acid with the alkyl group being partially or entirely
fluorine-substituted. The alkyl chain may contain an oxygen atom. Thanks to such a
construction, the transparency to light of 220 nm or less is ensured, the sensitivity and
resolution are enhanced, and the iso/dense bias and exposure margin are improved.

Examples of the anion of the fluorine-substituted carboxylic acid include anions of
fluoroacetic acid, difluoroacetic acid, trifluoroacetic acid, pentafluoropropionic  acid,
heptafluorobutyric  acid,  nonaflucropentanoic  acid,  perfluorododecanoic  acid,
perfluorotridecanoic acid, pertfluorocyclohexanecarboxylic acid and 2.2-
bistrifluoromethylpropionic acid.

These ontum carboxylates (G) can be synthesized by reacting a sulfonium, iodonium

or ammonium hydroxide and a carboxylic acid with silver oxide in an appropriate solvent.
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‘The content of the onium carboxylate (G) in the composition is generally from 0.1 to
20 mass%, preferably from 0.5 to 10 mass%, more preferably from 1 to 7 mass%, based on
the entire solid content of the composition.

(H) Other additives

The resist composition of the present invention may further contain, for example, a
dye, a plasticizer, a photosensitizer, a light absorber, an alkali-soluble resin, a dissohition
inhibitor and a compound for accelerating dissolution in a developer (for example, a phenol
compound having a molecular weight of 1,000 or less, or a carboxyl group-containing
alicyclic or aliphatic compound), if desired,

The phenol compound having a molecular weight of 1,000 or less can be easily
synthesized by one skilled in the art with reference to the methods described, for example, in
IP-A-4-122638, JP-A-2-28531, U.S. Patent 4,516,210 and European Patent 219294,

Specific examples of the carboxyl group-containing alicyclic or aliphatic compound
include, but are not limited to, a carboxylic acid derivative having a steroid structure, such as
cholic acid, deoxycholic acid and lithocholic acid, an adamantanecarboxylic acid derivative,
an  adamantanedicarboxylic  acid, a  cyclohexanecarboxylic  acid and a

cyclohexanedicarboxylic acid.

EXAMPLES

The present invention is described below by referring to Examples, but the present
invention should not be construed as being limited thereto.
Synthesis Example 1 {Synthesis of Resin (A1)}

Under a nitrogen stream, 8.4 g of methyl isobuty! ketone was charged into a three-
neck flask and heated at 80°C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
adamantyl)propan-2-yl methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl methacrylate, 6.1 g
of P-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 6 mol%
based on the entire monomer amount, in 75.3 g of methyl isobutyl ketone was added dropwise
over 6 hours.  After the completion of dropwise addition, the reaction was further allowed to
proceed at 80°C for 2 hours. The resulting reaction solution was allowed to cool and then
poured in 720 mi of heptane/80 ml of ethyl acetate, and the powder precipitated was collected
by filtration and dried, as a result, 18.3 g of Resin (A1) was obtained. The weight average
molecular weight of the obtained resin was 7,000 and the dispersity (Mw/Mn) was 1.80.
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mn () 24 Bl A6 PAG-A PEA (0.05) W-5 AI/B1 6.0 (0.50)

Resin (Al):
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Weight average molecular eight: 7,000

OH

Dispersity: 1.80

Molar compositional ratio: 40/20/40
Synthesis Example 2 (Synthesis of Resin (A2)):

Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-

neck flask and heated at 80°C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
adamantyl)propan-2-yl methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl methacrylate, 6.1 g
of B-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 7 mol%
based on the entire monomer amount, in 75.3 g of methy! 1sobutyl ketone was added dropwise
over 6 hours. After the completion of dropwise addition, the reaction was further allowed to
proceed at 80°C for 2 hours. The resulting reaction solution was allowed to cool and then
poured mn 680 ml of heptane/120 ml of ethyl acetate, and the powder precipitated was
collected by filtration and dried, as a result, 17.5 g of Resin (A2) was obtained. The weight
average molecular weight of the obtained resin was 5,800 and the dispersity (Mw/Mn) was
1.53.
Resin (A2):

O G C7 0

44
O
=0
O O
OH

Weight average molecular eight: 5,800
Dispersity: 1.53
Molar compositional ratio: 40/20/40
Synthesis Example 3 (Synthesis of Resin (A3)}:
Under a nitrogen stream, 19.4 g of methy! isobutyl ketone was charged into a three-

neck flask and heated at 80°C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
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(60/40) 25 B7 A7 PAG-E DIA (0.05) W-2 A1/B2 5.8 (0.40)

adamantyl}propan-2-yl methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl methacrvlate, 6.1 g
of B-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 12 mol%
based on the entfire monomer amount, in 65.3 g of methyl isobuty! ketone was added dropwise
over § hours. After the completion of dropwise addition, the reaction was further allowed fo
proceed at 80°C for 2 hours. The resuliing reaction solution was allowed to cool and then
poured in 720 m} of heptane/80 ml of ethyl acetate, and the powder precipitated was collected
by filtration and dried, as a result, 15.5 g of Resin (A3) was obtained. The weight average
molecular weight of the obtained resin was 2,800 and the dispersity (Mw/Mn) was 1.26,

Resin (A3):

Weight average molecular eight; 2,800

Dispersity: 1.26

Molar compositional ratio: 40/20/40
Synthesis Example 4 (Synthesis of Resin (A4)):

Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-

neck flask and heated at 80°C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
adamantyl)propan-2-yl methacrylate, 4.5 g of 3,5-dihydroxy-1-adamanty! methacrylate, 6.1 g
of B-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 6 mel%
based on the entire monomer amount, in 75.3 g of methy! isobutyl ketone was added dropwise
over 6 hours.  After the completion of dropwise addition, the reaction was further allowed to
proceed at 80°C for 2 hours. The resulting reaction solution was allowed to cool and then
poured in 680 mi of heptane/120 ml of ethyl acetate, and the powder precipitated was
collected by filtration and dried, as a result, 17.6 g of Resin (A4) was obtained. The weight
average molecular weight of the obtained resin was 7,000 and the dispersity (Mw/Mn) was
1.55.

80



(40/60) 26 B3 A8 PAG-B TPA (0.06) W-6 A2/B3 6.3 (0.80) (95/5)

Resm (A4):

Weight average molecular eight: 7,000

Dispersity: 1.55

Molar compositional ratio: 40/20/40
Synthesis Example 5 (Synthesis of Resin (A5)):

Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-

neck flask and heated at 80°C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
adamantyl)propan-2-yl methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl methacrylate, 6.1 g
of B-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 7 mol%
based on the entire monomer arnount, in 75.3 g of methyl isobutyl ketone was added dropwise
over 6 hours. After the completion of dropwise addition, the reaction was further allowed to
proceed at 80°C for 2 hours. The resulting reaction solution was allowed to cool and then
poured in 720 ml of heptane/80 ml of ethy! acetate, and the powder precipitated was collected
by filtration and dried, as a result, 18.5 g of Resin (A5) was obtained. The weight average
molecular weight of the obtained resin was 6,000 and the dispersity (Mw/Mn) was 1.75.
Resin (AS):

Weight average molecular eight: 6,000
Dispersity: 1.75
Molar compositional ratic: 40/20/40
Resist Composition (A1) _
A solution having a solid content concentration of 5.8 mass% obtained by dissolving
the components shown below in a mixed solvent of polyethylene glycol monomethyl ether

acetate/polyethylene glycol monomethyl ether (60:40) was filtered through a polyethylene
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27 B4 A9 PAG-C PB1 (0.07) W-1 A2/B1 6.1 (0.60) (50/50)

filter having a pore size of 0.1 pm to prepare Resist Composition (A1)

Resin (Al): 1.83 g, triphenylsulfonium nonaflate: 69.6 mg, diphenylaniiine: 8.7 mg,
and PF6320 (fiuorine-containing surfactant produced by OMNOVA): 1.7 mg.
Resist Compositions {A2) to (A5):

Resist Compositions (A2} to (A5) were prepared in the same manner except for using
Resins (A2) to (A5} in place of Resin (A1).

Comparative Example 1:

An organic antireflection film, ARC29A (produced by Nissan Chemical Industries,
Ltd.}, was coated on a 8-inch silicon wafer and baked at 205°C for 60 seconds to form a 78-
nm antireflection film, and Resist Composition (A1) prepared above was coated thereon and
baked at 120°C for 60 seconds to form a 150-nm resist film. The obtained wafer was
subjected to pattern exposure using an ArF excimer laser scanner (NA: 0.75). Thereafter,
the resist film was heated at 120°C for 60 seconds, developed with an aqueous
tetramethylammonium hydroxide solution (2.38 mass%) (positive tone developer) for 30
seconds (positive tone development), and rinsed with pure water to obtain a pattern having a
pitch of 600 nm and a line width of 450 nm. Furthermore, the resist film was developed
with butyl acetate (negative tone developer) for 30 seconds (negative tone development) and
rinsed with 1-hexanol (rinsing solution for negative tone development) for 30 seconds, and
thereafter, the wafer was rotated at a rotation number of 3,000 rpm for 30 seconds to obtain a
150-nm (1:1) line-and-space resist pattern.

Exampies 1 to 4:

In the same manner as in Comparative Example 1, 150-nm (1:1) resist patterns were
obtained using Resist Compositions (A2) to (AS), respectively.
Evaluation of Line Edge Roughness (I.LER):

The 150-nm (1:1) line-and-space resist patterns obtained in Comparative Example 1
and Examples 1 to 4 were observed by a scanning microscope (89260, manufactured by
Hitachi Ltd.}. With respect to the range of 2 um edge in the longitudinal direction of the
150-nm line pattern, the distance from the reference line where the edge should be present
was measured at 50 points and after determining the standard deviation, 3¢ (unit: nm) was
calculated. A smaller value indicates better performance.

The results are shown in Table 1.
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28 B5 A7 PAG-F DIA (0.10) W-4 A2/B2 6.5 (0.20) (40/60) 29

Table 1
. Resis_t_ Resin Moie‘cula.r Dispersity LER
Composition Weight (nm)
Comparative Al Al 7600 1.80 9.5
Example 1
Example 1 A2 A2 5800 1.53 6.8
Example 2 A3 A3 2800 1.26 5.2
Example 3 A4 A4 7000 1.55 7.0
Example 4 AS AS 6000 1.75 7.1
Example 5:

An organic antireflection film, ARC2Z9A {produced by Nissan Chemical Industries,
Ltd.), was coated on a 8-inch silicon wafer and baked at 205°C for 60 seconds to form a 78-
nm antireflection film, and Resist Composition (A2) prepared above was coated thereon and
baked at 120°C for 60 seconds to form a 150-nm resist film. The obtained wafer was
subjected to pattern exposure using an ArF excimer laser scanner (NA: 0.75). Thereafter,
the resist film was heated at 120°C for 60 seconds, developed with an aqueous
tetramethylammonium hydroxide solution (2.38 mass%) (positive tone developer) for 30
seconds (positive tone development), and rinsed with pure water to obtain a pattern having a
pitch of 600 nm and a line width of 450 nm. Furthermore, the resist film was developed
with ethyl acetate (negative tone developer) for 30 seconds (negative tone development) and
rinsed with 1-hexanol {(rinsing solution for negative tone development) for 30 seconds, and
thereafter, the wafer was rotated at a rotation number of 3,000 rpm for 30 seconds to obtain a
150-nm (1:1) line-and-space resist pattern.

Examples 6 to 18:

In the same manner as in Example 5, 150-nm (1:1) resist patterns were obtained by
using Resist Composition (A2) and combining the negative tone developer and the rinsing
solution for negative tone development as shown in Table 2.

Evaluation of Dimensional Uniformity:

The 150-nm (1:1) line-and-space resist patterns obtained in Examples ! and 5 to 18
each was measured for the dimension at 50 portions at intervals of 2 nm by using a scanning
microscope (59260, manufactured by Hitachi I.td.). The standard deviation of 50 portions
was determined, and 3¢ (umt: nm) was calculated. A smaller value indicates better

performance. The results are shown in Table 2.



B6 A9 PAG-D TOA W-3 A1/B36.2 (0.90) (0.08) (90/10)

indicate those set forth as specific examples above or the followings.

The abbreviations used in Examples

Table 2

Rinsing Solution for . .

. _ : Dimensional
Negative Tone Developer Negative Tone .
Uniformity (nm)
Development
Example | butyl acetate 1-hexanol 3.1
Example 5 ethyl acetate 1-hexanol 8.4
Example 6 isoamyl acetate I-hexanol 31
Example 7 methyl isobuty! ketone {-hexano! 3.5
Example 8 2-hexanone I-hexanol 2.7
Example 9 methyl ethyl ketone 1-hexanol 9.6
Example 10 dipropyl ether I-hexanol 11.6
Example 11 dibutyl ether I-hexanocl 42
Example 12 | butyl acetate/2-hexanone 1-hexanol 3.5
(80/20)
Example 13 isoarnyl acetate/ dibutyl l-hexanol 3.8
ether (70/30)

Example 14 isoamyl acetate 1-heptanol 8.8
Example 15 isoamyl acetate 2-heptanol 33
Example 16 isoamy! acetate decane 4.3
Example 17 isoamyl acetate dodecane 9.2
Example 18 isoamyl acetate 1-heptanol/decane (50/50) 3.7

The vapor pressure and boiling point of each of the solvent for negative fone

developer and the solvent for rinsing solution for negative tone development used in

Examples 1 and 5 to 18 are shown in Table 3.

84




Table 6 Compositional Ratio (by mel)

Table 3
Solvent Name Vapor Pressure (20°C) Boiling Point
butyl acetate 1.2 kPa 126°C
ethyl acetate 10 kPa 77°C
isoamyl acetate 0.53 kPa 14200
methyl isobutyl ketone 2.1 kPa 117-118°C
2-hexanone 0.36 kPa 126-128°C
methyl ethyl ketone 10.5 kPa 80°C
dipropyi ether 8.3 kPa 88-90°C
dibutyl ether 0.64 kPa 142eC
]-hexanol 0.13 kPa 157°C
1-heptanol 0.015 kPa 175°C
2-heptanol 0.13 kPa 150-160°C
decane 0.17 kPa 174.2°C
dodecane 0.040 kPa 216.2°C

Example 19:

An organic antireflection film, ARC29A (produced by Nissan Chemical Industries,
Lid.), was coated on a 8-inch silicon wafer and baked at 205°C for 60 seconds to form 2 78-
nm antireflection film, and Resist Composition (A2) prepared above was coated thereon and
baked at 120°C for 60 seconds to form a 150-nm resist film. The obtamned wafer was
subjected to pattern exposwre using an ArF excimer laser scanner (NA: 0.75). Subsequently,
the resist film was developed with butyl acetate (negative tone developer) for 30 seconds
(negative tone development) and rinsed with 1-hexanol (rinsing solution for negative tone
development) for 30 seconds, and thereafter, the wafer was rotated at a rotation number of
3.000 rpm for 30 seconds 1o obtain a pattern having a pitch of 400 nm and a line width of 200
nm.

Exampies 20 to 29:

In the same manner as in Example 19, patterns having a pitch 400 nm and a line
width of 200 nm were obtained using Resist Compositions (AZ) to (AS5) and (B1) to (B6),
respectively.  The formulations of Resist Compositions (AZ2) to (AS) are as described above,
and the formulations of Resist Compositions (B1) to (B6) are shown in Table 5 below.
Evaluation of Line Edge Roughness (LER):

The patterns having a pitch of 400 nm and a line width of 200 nm obtained in
Examples 19 to 29 were observed by a scanning microscope (89260, manufactured by Hitachi
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cro POH HO  DIA:2,6-diisopropylaniline TPA: tripentylamine PEA: N-phenyldiethanolamine TOA:
trioctylamine FBI:2-phenylbenzimidazole W-1: Megaface F176 (produced by Dainippon Ink &
Chemicals, Inc.) (fluorine-containing) W-2: Megaface R08 (produced by Dainippon Ink & Chemicals,
Inc.) (fluorine and silicon-containing) W-3: Polysiloxane Polymer KP-341 (produced by Shin-Etsu

Chemicdl@9.. Ldijh(stipentcortainigle of 2 pm edge in the longitudinal direction of the 200-nm
line pattern, the distance from the reference line where the edge should be present was
measured at 50 points and after determining the standard deviation, 3o (unit: nm) was

calculated. A smaller value indicates better performance. The results are shown in Tables:

4 and 5.
Table 4
Restst . Molecular . . LER
Example Composition Resin Weight Dispersity (nm)
19 Al Al 7000 1.80 8.9
20 A2 A2 5800 1.53 6.3
21 A3 A3 2800 1.26 5.3
22 Ad Ad 7006 1.55 7.2
23 AS A5 6000 1.75 7.4
Table 5
Resist . Acid Basic Solvent
Example | Composi- (PI%SLY; Generator | Compound Slg%f tant {mass LER
A o
tion = (g) (g) (0.02¢) ratio) (nm)
24 Bl A6 PAG-A |PEA (0.05) W-35 Al/B1 | 6.0
(0.50) (60/40)
25 B2 AT PAG-E |DIA (0.05) W-2 Al/B2 | 5.8
(0.40) (40/60)
26 B3 A8 PAG-B |TPA (0.06) W-6 A2/B3 | 63
(0.80) (95/5)
27 B4 A9 PAG-C | PBI (0.07) W-1 AZ/B1 6.1
(0.60) (50/50%
28 B5 AT PAG-F |DIA (0.10) W-4 A2/B2 | 6.5
(0.20) (40/60)
29 Bé6 A9 PAG-D TOA W-3 Al/B3 1 6.2
(0.90) (0.08) (90/10)

The abbreviations used in Examples indicate those set forth as spectfic examples

above or the followings.
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W-4: Troysol S-366 (produced by Troy Chemical) W-5: PF656 (produced by OMNOVA,
fluorine-containing) W-6: PF6320 (produced by OMNOVA, fluorine-containing) Al:propylene glycol
monomethyl ether acetate A2:cyclohexanone B I:propylene glycol monomethyl ether B2:ethyl lactate

B3:y-butyrolactone

As apparent from these Examples, thanks to the combination of resist

' composition, negative tone developer and rinsing solution for negative tone development of the
present Iﬁl Qt@n the line edge roughness is reduced and furthermore, the dimensional uniformity is

high INDUSHRIAL-APPHEABHITY By-the-pattern-formipg-method-and-the resist MMpns' ion of
the preseqs inventisnAePatten wishdadueed lingsdgsdoughnéssradiitgitld mansionakunifarmity is
obtained. In particular, a highly practical negative tone develgph#éit techriGue and a double
development technique usingjthe same are pfovided. These techniques enaljles finer patterning under
the samée light;sou that |[n convéntional te gy. The pattern forming methad of the prgsent
invention is sujtably used in the pr s of prpducing a semidonductor such as IC, in the produgtion of
a circuit|boardjfor i rystal, tHermatheadia ike, and in the lithography process of other
photo-appfications: While the invehtion Has beer rined G4 and withGdferehde to specific
embodiiments thefg il bé appa D one skilled i art that various ¢hanges and
modifications ¢an be made therein without departing/Ar € spirit and scope thereof This
applicatjon is based o Japanese Hafent Appilcatlon (Japanese Patent Appligation No. 2007-106175)
filed on Aprit-13,2007-and-Japanese-Patent-Application-(Japanese-Patent-Application-Neo-
2007-198054)|file July 30, 2807, and the:Lr co S are incorporated herein by way of reference.
[Claim 1] A pattern forming method, comprising:
O O o G O
A7 — 50/20/30 5500 1.5
O Ol
0 HO
A8 56/10/40 4800 1.5
O
CN
© HO
.| X
o, | | T
A9 oo 40/20/40 5300 1.6
o on|
O HGC
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fowling a resist film by applying a resist composition whose solubility in a negative tone developer
containing an organic solvent decreases upon irradiation with an actinic ray or radiation and which
contains a resin having: an alicyclic hydrocarbon structure; and a dispersity of less than or equal to
1.7, or a weight average molecular weight of less than or equal to 6,000, and being capable of
increasing a polarity by an aegtion of an acid; exposing the resist film;.and developing the resist film
after the exposing with the ative tone developer. [Claim 2] The rn forming method according
to claim 1, wherein th n is a resin having an alicyclic hydrocafbon structure and a dispersity of
less than or deya&t-a 1.7, anbelng caggp Qjéncreé@%@-@polarlty y. an action @)sacid. [Claim 3]
The pattern formlng qd ace o' g to c aim1l, wherei esiniis atesin having an alicyclic
hydrocarbon structurp less than or equal to 1. w@verage molecular weight
of less than or equal to 6,000, anc belng capable of increasing a polarity by an action of an acid.

[Claim 4] The pattern formlng method according to any one of claims 1 to 3, wherein the negative
tone developer is a developerfiaving a vapor pressure of 5.0 kPa prtegs at 20C. [Claim 5] The
pattern forming method acg to any one of claims 1 to 4, whi

prises: performing washing
using a rinsnr]ligg‘ Iué)on conta nmg an organic solvent after the dev

elgping. [Claim 6] The pattern

5, CaFuibiekein thE fifising salution tontainifépBsrganic solvent is
a rinsing solution hav ssure of 0.1 kPa or morefjat 20C. 7] The pattern
forming method accord e of claims 1 to 6, which prises.~degeloping the resist film after
the exposing with a positive tone developer which is an alkali developer at least either one of before
and after the developing with the negative tone developer.

PAG-E gt C4FeSO5 PAG-F E

forming met

DIA:  2.6-dusopropylaniline

TPA: tripentylamine

PEA:  N-phenyldiethanolamine

TOA: trioctylamine

PBL 2-phenylbenzimidazole

W-1:  Megaface F176 (produced by Dainippon Ink & Chemicals, Inc.) (fluorine-
coniaining)

W-2:  Megaface RO8 {produced by Dainippon Ink & Chemicals, Inc.) (fluorine and silicon-
containing)

W-3:  Polysiloxane Polymer KP-341 (produced by Shin-Etsu Chemical Ce., Ltd.) (silicon-
containing)

W-4:  Troysol 5-366 (produced by Troy Chemical)

W-5:  PF656 (produced by OMNOVA, fluorine-containing)

W-6:  PF6320 (produced by OMNOVA, fluorine-containing)

Al: propylene glycol monomethyl ether acetate
AZ2: cyclohexanone
Bi: propylene glvcol monomethyl ether

B2: ethyl lactate
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[Claim 8] The pattern forming method according to any one of claims 1 to 7, wherein the organic
solvent contained in the negative tone developer is at least one kind of an organic solvent selected
from the group consisting of a ketone-based solvent, an ester-based solvent and an ether-based
solvent. [Claim 9] The pattern forming method according to any one of claims 5 to 8, wherein the
organic giflvent cehtainelddtotize rinsing solution is an alcohol-based solvent. [Claim 10] The pattern

forming method gccording to.-an 0 | 1,9 wherein _the resin ha rtial structure
containing an aIi%/sbﬁggwa;gnrgég‘}g{o%%r%eepr%%%ﬁgdi ’tc)g)%l ?’ﬁlésféﬂgwgm%o osﬁrlr%ﬁ%?plr%drrg%ﬁ)gg%? 0%%1%%@0"0 or

polycycliecgréyelicongdterdansn atdictosing solutiofh formesatiph g Ry vRANmenodethes Brepathy

group, ag,ethyldaraup. /e BIREORMIGIHR i ARtSQRID RYH JTRURR13; RUEY L GreHBioaRl IsplIutMigreup or a
sec-buty| group; Z represents an atomic group necessary for foxming a cycloalkyl group together

with the 'on atom; and

INDUSTRIAL APPLICABILITY

By the pattern forming method and the resist composition of the present invention, a
pattern with reduced line edge roughness and high dimensional uniformity is obtained. In
particular, a highly practical negative tone development technique and a double development
technigue using the same are provided. These techniques enables finer patterning under the
same light source as that in conventional technology. The pattern forming method of the
present invention is suitably used in the process of producing a semiconductor such as IC, in
the production of a circuit board for liquid crystal, thermal head and the like, and in the
lithography process of other photo-applications.

While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.

This application is based on Japanese Patent Application (Japanese Patent
Application No. 2007-106175) filed on April 13, 2007 and Japanese Patent Application
(Japanese Patent Application No. 2007-198054) filed on July 30, 2007, and their contents are

incorporated herein by way of reference.
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each of R12 to R14 independently represents a linear or branched alkyl group having a carbon
number of 1 to 4 or a cycloalkyl group, provided that at least one of R12 to R14 represents a cycloalkyl
group. [Claim 1 1] The pattern forming method according to any one of claims 1 to 10, wherein the

resin cortaims:al fepeating unit represented by the following formula (pA): wherein R represents
a hydrogen atomA?;Q@é?@?&x%ﬁ%’%‘rﬁétﬂJﬂ"%@?g Rranched alkyl group having a carbon number of 1 to
4, and a plurality of R's may be the samé€ or different from each other; A represents a single bond,

or a sole group JPEREBHBIFITHBINL BRHEE HFEHSs OMABHFoNDERE SR KaneiSiRGESHAS
aikylenesgreufzvarvpthebgraum dahingiher group: decachonylgroumanesion JHoAPaanaeige group, a
Sulonamido.AIUR.A Uieiane Slot o LRSI AU A RPIRRIBA YRS g ol e
dispersity of less than or equal to 1.7, or a weight average molecular weight of less than or
equal to 6,000, and being capable of increasing a polarity by an action of an acid;
exposing the resist film; and
developing the resist film after the exposing with the negative tone developer.
[Claim 2] - ' _
The pattern forming method according to claim i,
wherein the resin is a resin having an alicyclic hydrocarbon structure and a dispersity
of less than or equal to 1.7, and being capable of increasing a polarity by an action of an acid.
[Claim 3]
The pattern forming method according to claim 1,
wherein the resin is a resin having an alicyclic hydrocarbon structure, a dispersity of
less than or equal to 1.7 and a weight average molecular weight of less than or equal to 6,000,
and being capable of increasing a polarity by an action of an acid.
[Claim 4]
The pattern forming method accofding to any one of claims 1 to 3,
wherein the negative tone developer is a developer having a vapor pressure of 5.0

kPa or less at 20°C.
[Claim 3]

The pattern forming method according to any one of claims 1 to 4, which comprises:
performing washing uSing a rinsing solution containing an organic solvent after the
developing.

[Claim 6]

The pattern forming method according to claim 5,

wherein the rinsing solution containing an organic solvent is a rinsing solution
having a vapor pressure of 0.1 kPa or more at 20°C.

[Claim 7]

The pattern forming method according to any one of claimsi 1 to 6, which comprises:
developing the resist film after the exposing with a positive tone developer which is an alkali
developer at least either one of before and after the developing with the negative tone

developer.
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in formula (pi) or (pl1l), RI, represents a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group or a sec-butyl group; Z represents an atomic group
necessary for forming a cycloalkyl group together with the carbon atom; and each of Ri2 to R14
indepelﬁg 8r]epresents a linear or branched alkyl group having a carbon number of 1 to 4 or a

cycloalkyl groufrerpyided thatiag!arshansceb A2124r R4 FeRiesenis 3 ryeloalkyl group. [Claim 12]
The pattern forr_\;}'}peg method accordir}g to an% aone of clﬁ;ﬁms | to, 11, wherein the resist composition

contains a basit compotnd FEMMTASFTHONARSH o RIS RO AR CEMAIRT 6 i dFesbPBRaims 1
to 12, Whiteih aheorgsiicha vwolasormatit GoouphdGlainp b4kt patérn forsningmathodaseording to

any ongsf-alains b tA3.Whereindhe.cxposing,of the resist film is performed by using an ArF excimer
laser. STRACT A pattern forming method comprising a step of applying a resist composition

whose!softibii } in a negative tone developer decreases upon irradiation with an actinic ray or radiation
and which conféirspattesiddiaiingrastialityclic:biydracanhamstafeiueandagdispersity of 1.7 or less and
being capable w}fé}%ﬁaﬂg%g é)l rity. by the action of an acid, an exposure step, and a development
step using a negative tone d} %E)p%%%er}{esc% tggir%%c}ilslittlgﬁ %?Sd% ity %#éo%éfh%;%%hg%g%%per and
a rinsiﬁ@lg%tion for use in the method, are provided, whereby a pattern with reduced line edge
roughnessianttiigh dimensional uniformity can be formed.
The pattern forming method according to any one of claims 1 to S,
wherein the resin has a partial structure containing an alicyclic hydrocarbon
represenied by the following formula (pl} or (pll) as a monocyclic or polyeyclic alicyclic
hydrocarbon structure:

F?-n Rys

.- ' ]

e —C—Ry
.. 7 Rig

(p 1) (p 11D

in formula (pl) or (pIl), Ry; represents a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl group or a sec-butyl group;

Z represents an atomic group necessary for forming a cycloalkyl group together with
the carbon atom; and

each of Ry2 to Ry4 independently represents a linear or branched alkyl group having a
carbon number of I to 4 or a cycloalkyl group, provided that at least one of Rz to Ryy
represents a cycloalkyl group.

[Claim 11}
The pattern forming method according to any one of claims 1 to 10,

wherein the resin contains a repeating unit represented by the following formula

% (pA)

A O—R
O] P o1

(pA):



wherein R represents a hydrogen atom, a halogen atom or a linear or branched alkyl
group having a carbon number of 1 to 4, and a plurality of R's may be the same or different
from each other; '

A represents a single bond, or a sole group or a combination of two or more groups
selected from the group consisting of an alkylene group, an ether group, a thicether group, a
carbonyl group, an ester group, an amido group, a sulfonamido group, a urethane group or a
urea group; and

Rp; represents a group of any one of the following formula (pI} or (pll):

f,{” ' [}12
“‘“‘"“‘,C”“\ “"—Ci:—'R'm
N Rig
{(p 1) (pI1)

in formula (pl) or (pll), Ry represents a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl group or a sec-butyl group;
Z represents an atomic group necessary for forming a cycloalkyl group together with

the cérbon atom; and
each of Ry to Ry4 independently represents a linear or branched alkyl group having a

carbon number of 1 to 4 or a cycloalkyl group, provided that at least one of Ryz to Ry
represents a cycioalkyl group.
[Claim 12]

The pattern forming method according to any one of claims 1 to 11,

wherein the resist composition contains a basic cdmpound.
{Claim 13}
The pattern forming method according to any one of claims 1 to 12,
_ wherein the resin has no aromatic group.
[Claim 14] |
The pattern forming method according to any one of claims 1 to 13,

wherein the exposing of the resist film is performed by using an ArF excimer laser.
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