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 supik8sSik@r e production of a circuit board
for liquid crystal, thermal head and the like, and in the lithography process
of other photo-applications; a resist composition for use in the pattern
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meth(}Epiniaturization 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
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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
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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
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.FOR SOLVING THE PROBLEMS
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
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alicyclic hydrocarbon structure ndo’awelgrr]lt average mofégu?ar, weight o
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metnho

usjng.a negative tone developer. (3) A pattern formin , -
e R O BN A 4l ABUEIABH il  positve one
develagohepllityometipusitivietodd developstincreases\anthsolubility in adeghtivipment
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and which contains a resin having an alicyclic’ hydrocarbon structure, a

referreidP @i Sl VE 616 S8 HaPE R Average molecular weight of 6,000 or
lesBanmd Deingreapalil of in006aEHg 18 patatitibed theviesinday @bpagtiandhnology
as thea@oﬁgig;paﬁe gﬂg%@%ﬂ?&%‘é&e iszztf R apcgv V) %9%‘%%?&5%%(“ Sigze%llf'ss O3 A 4y image
_negative tone eloper. = ) The pattern forming method accordirig
forming sgfhosetor Chymiqa) aBBUECHHErEm Ky devtlophemdtbp muikige use of a
propee Rl &P AaYeITNerdsia siep ReTEoHRASING AIRVEIAPBECOBIRIING 4 high
ari tat Ieastrﬁo:r}%nkilrrllda?f a éo\flr\yi%]r]}tasglgﬁt d f{orl{}t organic goé\éggtseand lhavmg] a.t :
po \}/alpnorap.régssure adated with a b 1t intenstty an mes 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.
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(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 =
solltierrCeand iRierymesrdarf@ BoRenat 6 153 1k6) (PB8@Mattern forming
method as described in (5) above, wherein the rinsing solution containing
n Qrg nic.solvent is a rinsing solution having a vapor pressure of 0.1 kPa
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PROBELEWIHA (6] HEHISN N0 BDIBPIRes0 L VE (iii) a development step.
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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
dévelopcr containing an organic solvent decreases upon irradiation with an acﬁnic ray or
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. o

(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 upén_ 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 ofé%,o 0 or less and being capable of increasing

a pHdritf SRHETASHREARS 8P IR A% (B) a photo-acid generator; e

andifC) atsplvehtpiisiuk resisstonspugitisitifor misitplselebdigpritert, positive tone

' dewlgﬁép%&@&?s amd(%a@n{ﬁ%niﬁaé’!ﬁ AR IRYRHCIBY SRAEAT BRR SIEHE BN Birradiation
spersity of 1.7 or less and a weight average molecular weight of 6,000 qor

with J8cacHR ,, 6} P OFEGR B AieHelicfytrocarbon

structBft agid; 4Bvaighotaraciseoandealos aneigt) afSel0oator les{la)dAbeing capable of

- developer for negative tone development, which is used in the resist '

| mcrea@%l%%%%rﬁ%ggg%&f% 13%%%%“(%@? 98 %4V above, the developer
corfiprisirrposanysisie; solbent and having a vapor pressure of 5 kPa or

lesgat nsing gk negativedane development,
Wh%@ i%%%e%ﬁ nﬂgféié%ai%m for_rfﬁgggﬁrgethod describggi?n any one of (8) to-
(13) above, the rinsing solution comprising an organic solvent and having
a vapor pressure of 0.1 kPa or more at 20C. ADVANTAGE OF THE
INVENTION . According to the present invention, a method of stably

-fonning a high-precision fine pattérn with reduced line edge roughness
and high dimensional uniformity, a resist composition for negative tone
development or multiple 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. 2 is a schematic view showing
the pattern forming method using positive tone development and negative

toqg)deﬁelgggg}g%%W@Q@Umpﬂgﬂ% 3 is a schematic view showing
the relationship among positive tone development, negative tone

delieldpitehtdnaPekiBEufe TGSk ComPRSEon &¥Bea At eRidiRing e positive tone
develogiationshiphetweandiipgsite:dase and residgaldibipeeyeryben @on irradiation

: ositive tone devedlo eroran ai;[ivet ne develorpgr is used. .. FiqiS
with an actinic ragtozﬁ radiation and Whic HIRINs. & 1esii faving, 4 hﬁéchc ydrocarbon

IS a SC_ em _IC VIEW snowing therela ]ons Ip among po |vne %O
structieveldisarerityneghtivertbise el eloprmntaantkexpodateidoseight offgh@0 or less

and bdih A SENAMAIIGVIeNSROWINGAhE tiationshinameng Rasitve tone
degzﬁl(?gment, negative tone development and exposure dose in the
métHSd 61 T58 BredehitHbention. Fig. 7 is a schematic view showing
théirelatiomshiprasostgrpositive tops devielepdeesi;regative tone

deyﬁlopms%@@ﬂx%&m%@?ﬁd E&%&ﬁg@gﬁ&?ﬂ@gf??&@ﬂt?&ove, wherein

) intensity distribution of an optical image. Fig. 9 is a schematic view _
(V) then SRR BReERE | STh B S oG PO fo 6 HERRIB P EntItRr@sHGimed using a
develoyaiuso(@iand: lightistensityinfigr 1Qds-arsochematichiensshaming thents and having

o vep LIPS Isaution ofn optical image.  Fig 11 isa
schematic view showing the re atIOI'lShIp among negative tone

delfglophhe maithara kol nameliey asdlieti iate sty BEST MOBE HCGRove, which
furthelCDRBYING OUT THE INVENTION The best mode for carrying out the

present invention is described below, . Incidentally, in the present

IR AUHER H5Gr BB RSB 72 GERBHE SR GEe SHecm g

wHhéthed babstitetediomumngubstitate disthie group! imcl (Blesthoth asdeouip the rinsing
soluﬁ#ﬁ%’(ﬂﬁ%ﬂ%ﬁf&?%ﬁ%ﬂﬁ%@v@rﬁr@%?&%’l@%éﬁ&H@&ﬂ%@ﬂé‘ £ Qég%ﬁﬁgr%ﬁjrggf 0.1 kPa

roup” includes not only an alkyl group having no su
or moyg gisefhtituted alkyl group) but also an allcyl group having a substituent

(substitUtedraligyhgfetphe 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
irrq@gg%g%%ja%@ﬂ&mg%where the light-irradiated part dissolves in
a deyeloper is called a positive tone system, and a system where the
ligh r?ﬁ&%ﬁéd part dissolves in a developer is called a negative tone
systdm. Fhedsvelopestseddhamiiplides sivpitypesohtaavdlopers, that
s, @ Oé%\gﬁltgg&ﬁgexg'&9@&%%9&8@%\5@1t&ﬂ%@'eg%@&’%f- ABERASINE 7 or less
tone developer is a'developer that selectively dissolves and'r moves the
and bedng GaRHPHT &k HBTHWST HaFAE Prebidte Fifincel tRrexiisia vhRieasisown in
FigEL.a angithe-negativerdenadeveloper is a developer that selectively
disﬁ\éesoggdtremoves an exposed area not higher than the
abové’described threshold value. A development step using a positive
torlé Hevélopestisccajietitpdsitivaltane devalgpment(sometimes referred
t0 g ROsIiNe IpRedevrlopmentSieRkahdadevelopmentHien USINgIR average

negative tone developer is called a negative tone development _
molecgiidtifie S TSENRATTE S A h B AR TERE VBISRHGIS SRYFILY Of fiseresin by an
actionpresentitvention provides, as a technique for raising the resolution, a new
paﬁgﬁ H&H%ﬁg&%%@%%ﬁ&mbmaﬂon of a developer (negative tone
developer) for selectively dissolving and removing the exposed area not
hig(@ratﬁ Apredetermined threshold value (b) as shown in Fig. 3, with a

resist compesitiondgiorruativg ianegrv@lopmentiwhishsegiains a resin

that increases the polarity by.t ction.of an acid and forms a fil 0s
oI B O R AR P it TG Biday O ess and a
weighirisierage srald dolubiighimahedativéessrad beslgpeptplefel alilyeasing a polarity of

the re QRIRNIG deysiopern), deereases upon irradiation with an actinic ray or
jati The present invention provides, as a technique for raising

rad%uon ir
the ?&hﬂ%?ﬁ%%@@ﬁ&ﬁgrﬁ‘%rming method preferably by a combination
of &develbpet. (positive tone developer) for selectively dissolving and

feméingpsh@e%ﬂ)%%?dfar%gg&\'@%m%@@&%@ﬂ@&%ﬂ%ﬁ th eé[t;e%dm the resist

value(a) and a developer (negative tone developer) for selective
compFEISNRE HRECrE R R e ERp s éd Hrabonst Higrisehapern comprising an organic
solverpredetamnnead ihoe shelshvalues (b awitheasresigiccomposition for multiple

de pment, which forms.a film whose solubility in a positive tone , .

el pes (S L B R R ATt dp e pate
forminggivectepicdacivpar (prsfefdllyian lorpabiy dabielopen dedhsasesomprising an
organidROMvikadiation with aBRetRG Y 8F IRUIREGR: more HI2kIE: 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 strong light irradiation
ADV Adiansity: (e Bipdsedardanst lower than a predetermined threshold

valyedais %sﬁfy\ﬁgsam,ﬁsmsﬁdyﬁ{@@l@dp&ﬂwm%%ﬁ\fm%@gdsm fine

the region havmgga weak light irradiation intensity (tlie'exposed ar
r

pattersyi gl tRatHEEArddite Fififie BOHHFRRFSIdARSIUB1E) TarasHNel aReformity, a resist
compusimaydor ugipgianegativetdoenteralopaniwlerebye pattatnuvdthin the method, a
resolgtion.as, hi imes the frequency of the optical spatial image :
e e B Sy LR R T i
negatipedoppidpNRapaIthedasi it oreHedpbdirenmaskdeed not be divided.
As regards the resist composition for multiple development when

' pment operations at the same time, a

BRIEfﬁ%@Eﬁ?&?§§§§?§F %@g&%@ﬁ? ‘development may be used as it is.

THegpdtiermstormiageprosessavecgsbane for grsitticingp thepprésentinveatieopment,
negati SOTRESES NG FOUAWINGSIERS e dose (1) @ Step of coating a substrate with a

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 deviloping the resist film with a negative

tone developer. The pattern forming method of the present invention

preferably further comprises (vi) a step of washing the resist film with a

rinsing solution for negative tone development. The pattern forming
maoathod of the nrecent invventinn nreafarahlvy fiirthar comnricec (i) 2 cten nf



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,

MwiMm) of 1.7.0Lless.and(ora usightiav FIROR %%%&%9%81?% r$89me tone

or less and being capable of increasing the polarity by the actio
developmenh ARd(BY 1 BY MR oY BsvRIb JRFEpTReRHBI an organic developer)

ar¢ 1@6@%5@&}‘1&mdt10| ﬁi@b&@ﬁ@iﬂﬁlﬁ’tﬁ@f@%ﬁﬂhﬁh\iﬁ REhd QB fiRSRge development,
ne amglytl%ndg%r X aé%e t%ne development is preferably further used. In
g practicing t thet) presen mvéantlon ?&f a positive tone developer (preferably
an falkafi Uea/@r@pér;hyﬁregeth@ngﬁlf@trm@husédzwecn lexthepredert and residual film
curve 'ﬂlﬁ@ﬂﬂ%sﬁﬂ?@&@{n J@%@&p@maﬁmw &L@%Q&ﬂ%\{ﬁ@?ers that is,

ositive tone developer and a negative tone developer, is preferred. In
th R 8%%%’\?&56?%%% Het pATHEL PR RRSH e RGslevelopment,
negatprefarceld tol parfonmdé velopmeniday. using a positive tone developer or a
negativg 8@8}1%%%18%&9@%&! %gg%agza%?ons'l? g‘fé‘?gﬁtrﬁ%rﬂ? %ﬁf At egelopmen‘i

positive tone development by usi eveloper rom

negalifiestoie iSGHAREN MRS tRBGTEHatvES tm]@%mmdn@émem@mlsmm@

preferahly-washad:with-a0 prganic MV@MBQQWMHQ%@Q&@ Wigndolelopment,
egatlvg tone deveglogment he pattern forming system includes a
neoa‘ave velo fi
one gysetem And nega Ive fone system and in either system, a
ch&f@é it§ theas|sibiiynef haepistdimimsitdelsiopeti cdueftanaphemhicad ge.
re@%'oﬁﬁrm%’é@gamf Nght icradiationis Willizadnin 9anerahR: x%tmevm@[}?opmem

ht- |rrad| part dissolves in a developer is called a positive tone

thfer*hg}ﬁt ee{ﬁ)oag SEHGRVE the light-unirradiated part dissolves in a
devedopéris calleehmriegativesoneisysiempdihe pasitive taketasish of an optical
cUtilizes a chemical reaction such as polarity conversion for enhancing the
solublllt in a developer, and the negative tone resist utilizes bond
forfil &tl%‘ b@tw%e??h%’?éﬁﬁle‘é‘%ﬁoﬁﬁgf%s%kfﬁ{ﬂ’é’@éﬂtm among negative tone
develpoymetizationdeatiion) and [Bincatbesagdvent of a resist for IC.rk excimer

laser (248 nm), an image forming method called chemical amplification is

used as an image forming method for a resist so as to compensate for

BEST g sitivitire ducBen dalés sl by Tight Bh¥sAstidRN-or example, the image

formipgsmathiod M%ﬁﬂﬁ@rt@ﬂﬂmﬁf&%{ aroplifieationds amimage w.
forfmng hod of Eeco osm an acid %’ﬁ nerator in the exposed area
nci en‘ia

upon exposure 1 HEn&r&tS An B ConvERTy ArPEIkAI HOGN IS GHRYpls denoted
Withomt@panlﬁflkgllwbmbm groupibiedsimg e igenerate drecid@gainehetionboth a group
havm@%@)éﬁ%ﬁmlbﬁhmgla(ﬁ%ﬁﬁxﬂé\ﬁﬂéeépsggstf) Qe?ﬁtEX@%§ué§a%%hg) a?lndalky group”

removing the exposed area by alkali development resent
includgsp faﬁy aﬁéﬁiyé.ﬁ%%h@\ffag.gﬂpéémmgmﬁrﬁ(aﬁ%@a@%aa&hgr@%hbm also an
alkyl gesigtfaviagposifbseone dﬂ%@tﬁp&fdmﬁvagtha@ame time, acts as a

”egﬁ%‘%’ ﬁgnt%rgﬁ<§'§1ts£% i’}'xn&%a(gg]% &20% g[?}yelo semt mvelznttlgg presg cribed. The

invention, an alkali developer aqueous can be used as the positive tone
patierpidQERIBRISYHRIM NG RIFI A dRVE IS Fausntstmg andorgardsibuivient cantbe and in

either %5@@1@5 thenpegativeien@ IRVBIORET  residhl8Anthe @&@&Q&P%SQB Bk hemical
‘resin ¢ m |t|ont forms a Jlm cap gyble of incr asm é&% olarit

reacUon m%ggrq? etrﬁ%% 1?lela(l)c ioh déﬁé(}ed Sé/ﬂ:%léu‘?’ T ifrd rf‘m%med part
dISSOIYﬁSc@h\ﬁednwiaﬂ’yremmiled pepativedonednsagesformidgasyssems vehere the light-

unirraMARTighsystemHillizing ee@@span@r@aﬂwgr%@gméh&)ﬁw@&%ﬁf Welghheveloper

excluswely by the bonding between molecules and decreasing th
used gah Bty é‘ﬁ‘é&%?&ﬁé?ﬁ%%@@ﬁ%r%ééda ROV 88 B i nearive
tone dordhedmagdadopming menhadisraiiizingadehange inihe sweleRiar dissoives and
remo 10101 4 Sy RIS Al AARCL NG RN AISHIR VSEMARATin Fig. 1.

as a pos Ive tone resist for one oper and act as a negatlve ‘tone

resist for another developer. In the present invention, the resist

composition (a) not only causes a decrease of the solubility in a negative

tone developer due to a polarity convérsion reaction of the polymer side

chain but also brings about both an increase of the solubility in an alkali

developer and a decrease of the solubility in an organic developer
narticiilarivy hyv virtiie of a enecific cheamical reaction (the nnlarity

ima



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

and ti‘wrﬁ‘@é'?idg\éﬁitif@ E@%am@éhesnaimm§@¥?@§ur@Me&wi@%@1&%i%ﬁal {?ﬁ?&)ves an
ratio of 100% for the negative tone, developery is desjgnated as a thresho
oSS! AR (Yo, 26 AT TR g eruold Qo Qapgpen sep
using mpoeﬁp@smdbs’elfmes@mtﬁlizmg theifiva bna positivetonie(sieveloper isferred to
as a pSEhiR %Q'@é@éf’%ﬁ?@té@?}?%@lg Jalug (R)forsglubilizing the filn %Xg?/deveioper

5 negative tone developer, whereby pattern formation can be achieve
15 callgha BREUBITEBp AP (ROTAS HRBWR Tt 16 2afdieaddeistore development
step). coated on a wafer and exposed, the portion not lower than the threshold
valhe, (3).af he gxnos e dasgls dissolielwith & positie tone dev
and th n, the region notﬁlgﬁer than the threshold valie o]t]?he
patterip{pEsiite dusbad dissalvemiitalenegatvdaorientsyalopaiyotierebyeveloper) for
selectiPefieMationcRRREPRISOIMEed: b e SXROSHICIRPEALAR 11 thiSdetermined
hr hc%'se, zs fo@he order of the %eveli%)pmelﬁt with a positive tane developer .
eshaify YREGeVRIopmENt WitH™R h&gative THfe HGEp &P TRRPRE B VEIb gRgtT ve tone
develapayrise performetieariiersiftémtheanegrativedgndadeydlppheentiiwhefi thewcid and
forms "SRR INERNEG Wt & rgzsémges@éﬂgOd%.&&Bpep&{}ﬁ&&&ﬁ%ﬂ%@ﬁ%@@%\@mpm

, more successful pattérn formation can be achieved. The method for
nereadeshiafling He thredh 81 *6&HiY GnliEe Y NBH o Pt BBt bIIffg tREanic developer)
decreanatesal-related pararhete i ohihayesishdiamposition (a) and the
deﬁleo%er Qr controlling thr% rameters[ reﬁted to.the process Fﬁfl Jor
ate

8L 4 new

resent Fave 1O 1aes, as d e]p lq&le f(}f\r:I T SH}% P'e TES0, ., 2 new
the ma erial-relate arameter, éontr_ol 0 various pnysicalva ues re
pattemd?@mmgliweémﬁ@f@%@béwmwﬁmwwmé Heveidpesdndsihie oigrnis veloper)

for seﬁ%\?@fﬁl WERRMS Paly@lﬁ%(m%iﬂw Qﬁf%@&@@[rk?@ﬂ)l—?&@teﬁ@%&r I$ predetermined
eJieclive. ecCllIC ampiles e.parameter inciuae,.ror tne polymer .
s ETANE 0 5 o0 Lo pAHON o he VISR WIcEL e Ve e end
removing|dsutapaeid lat dispersiglcthéam enpradrtcompob ifordlodsitiog e polatidy a resist
compdHEBANSMAL HHe"IONIBRN SRANRNGErIhEsPPmELhIRR And: the AdAHIRMive tone

of low molecular additivé, and for the developer, include the concentration
developre\BRIpER ihd Additith SFISUPRIbletfkATaitle SAPIHETdlitiantseative tone
develquifgptafatably aiftsgaspedifielexamplescafd¢hepradessitelatedigarametelic ray or
i&glude the film formation temperature, the film formation time, the

radiati _ X
temgerature and time of post-heating after exposure, the temperature at

deVem pmahthpiardieBlspiartcimd allfahelzas wyaiein fpnasiemagiod)projected

on a wﬁf&evgjzo%glﬂf pREFAILS, @ﬁm&%d;mﬁmﬂ@@mmgqngiﬁvgmm%ﬁ- inéensity (the
cordin or gbtainin 00d. at,rnl t ttern formin etho

eXpOS%sﬁSang{g[a QETHE Y& I%a?:)gﬁ%gr?f %:s& we S§§’ P(rfi?ﬁazu a@éﬁsf%ﬂrg’ﬁe%%&emwed

using pypasiitipléote védoplorsntansirbenegetivéavmg develdphgntiandipositivgensity (the

expost@NEASYSI ARMENtHACHRIRALANI L SINRAFRNGIA.LQEBINE & Ived and removed
above-described material-related parameters and process parameters

. and : _
usIng e UpisOpRiatily CORfrolitytHEsE Parsmeters. resoluriog Saddish feimidignes the
frequepnga%&mﬁi@@chh@ﬂeimisimhgev&ngm&MW élytrébpositiveatobe cdﬂmmperAlso, in
the m&ﬂgdaof’ﬁ%aépégeﬁﬁri%\%%\(ﬁ@ﬂﬁé @&g&&ﬁg@z SENELehe exps B Red.

performed once as described above or where the exposure Is performe

twédEFEBTES iR LB ISR TIRSIAPY ToroBBYE PiPndevel aravens priemthasipgrang those
two oPgSitadeneieveloperobanagativartenedeveloper ivpedormed@ittative tone

devel Jirrsﬁteeg&%s%e,ugg nelgclastive or positive tone development using a
tﬁ)evel}opery iffefent Tron that in the first development is performed after

sedbrapeposiomsiagiemensfortrgmEhothchempgi Sieg;rirsorderention comprises
the folfoSiBR: Qf&Rating 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-1)a first ex%osure step, (v-1)a first heating step,

(ii)a step of developing the resist Ih a’positive tone developer, (ii-2)a

second exposure step, (v-2)a second heating step, and



(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

tong develanessecreanas HRAPsIAGIATONWIE AN A6tRG8Y hiRdIgABIlity in a
.(ii-Da first exposure step, %—)1 a fll’%[ heating step, (iv)a step of developing
nea e S QPTG RN Ao UEORET (D5 SR i

ste(hi)(v-2) ansegeadrheatingrstep, and (iii)a step of developing the resist

film: with a itiv I : { the resi mposition
i S e S Rt
useAVIRIEH B PBLIIE e foh SRRt S BrE TS piRfgiably further comprises

(vi) a adpaTtageious indhasiihaldatipe ahepituliofishershieshakt Vahei hsment.
de Iopm&nt er first ex osure %d contr(%I of thet, threshold val%%w the )
de@l%ﬁ’r%eeﬁﬂjfl after Isnegccr)x}le’§1 gxp%surg Rcreasesy MO PE e@%é 16T COmPIISEs
(iit) a pletroimiic ivrs eexhesass thbrovitioreiniess theséeoldpexposure dose is

preferablyisel R enlarggnthandheflr %X@@ﬂsﬁf@egﬂ§§';§§f@9§@{ BSmprises (v) a

shownﬁ: Fig. 7, in the second development, the threshold valu€ is

heating S{apAtEd IS8 BRERMOUNt to which the history of first and second
exposurpatsesareing dedhanhdivhe pihesceondi@xpdsuet glaSe:istep (ii) may be

perforﬁggq%m%i@wth the first exposure dose, the effect of the first
' ex%?sure dose Is reduced and depending on the case, can be neglected.
Th

dRp IR HEETED Dot 2o IR Rtep sRpartoitaiheatire fitsp (v) may be
perforgaosylerigiprefaially 5 [m.l/cm2] or more smaller than the exposure
dose (Eo2. [mJ/cm2]) in the. step. of performing the second exposure. In. ... .
S e R e ST
negatigpdesssiet perrrAtitigasattepetormdiisivby tite seeoiit exposurediationiand which
contaiieaGRSR YPRIFIMING e aXRRS U MO NG S DR SIS LEVRIQPMENES ar weight

disiribﬁ@é&%@ﬁg@ﬁ%?ﬁﬁ%%&éﬁ%ﬁ% E‘?ﬁdgafg\éerlr?c%g]c%rl]at;uéggh? 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

The pBSRNRIHERISLHRRIVE o hRkiRANQIAREIQBARKE e St &R 4958nhancing

to be smaller than the second exposure dose, it is effective to set the
the Sﬂt@ﬁ%@fam T tRORTSt Hshiffy MR S0 T was it et diops daipatian between
moledhiesseacndsheaditigisigpreactiod be phreshelehyalug:4adidn the positive tone
development g determined as follgwsin he actyal i!tgg@ga%épm?ﬁn%% forming
A film composed of a resist composition whose solubiiity in'a poSitive t6fie
methodeipdlep ehaershsey BRaason bilityan 25 negathas foreideveished ducrassiesso as to

compéiR@R ifadizHon withamreURiGFav.ar reditionisdormed opd sUbstate e image

formi I,?nd tht% rgslgst film. Is exposecti}throu?h a ghfgtomask having a desired

Bn RS Y RS RESHUY iGRITHS O ATRBHARRING. 15t #hidTiAss, {Rgming method of
decongxposgrenisaparfeernteatdy vatingiheserposurefocusinodds fumlsiaps an acid,
conveRRthBE SXROSHESIAOREIR A ARG AL SR bIe gréi‘_%ewhﬁ%pﬁ%u%%%pﬁed acid

resist film is heated at a desired temperature for a desired time an
as a rpsel SRG Wit e kel e oBrpemrsaradsidd Esrcennetitn Foka)daattaemoving
the extiored AfteriheldeNvelopienicthe line width of the pattern is measured

usi - a exposure.dose A [mJ/cm21 and.focus position for . .

for P T AP ity = posiive
tone refitlsutioPPsiiae BGCRTTReRRS Wb the sovsinesaribed phogsiieskois resist for
a negdfiesiatediwitiopgpecific exposure dose A [mJ/cm2] and a specific focus

ositian is calculated. The calcuylation can be performed usipg a simulation | .

SRS PERSTn VS5 G S LT G By KA TSRS gfised 85 the positive
tone dsalcietionmlethedgaracddseorlbpdrincBhmising. Mackainsise RROLIT He used as the
negativh @it cippstal Image Formation”, FINLE Technologies, Inc. As a

result of calculation, for example, the spatial intensity distribution shown in

Fig*8%f'8h %{%&ﬁ%@tﬁ%&bm@dﬂ‘mm 98HROH U Hiith Py dileapable of
increaligly intgrditsitataa pesitinnditehshecspatiadpositippdsshifteddasdiRiofth@iaton".

obtai [ ' inimum value in_the spatial intensit

e B b R RS sy

utilizigga ekt Qb e datme cht Briebb arehisty detbrnthedebading between
molectaiowsdnitor astsadithouepihy Bracesseloper MfilaEOPoRsed of &ERRISL: it has

mposition whose soluhility in g pasitive tone developer.increases and
been Qe et B RS (R S B et o
establgbtimiey sieyoriraldiation tn tonsistrorcaislibistietelcand the resistiltons resist for one
develﬁ?@?%@%&lﬂ@%@aﬁb@ﬁ%ﬂ%ﬁ@ﬁﬂp%fﬁ@?ﬁ@%ﬂ%&?m size under desired
illu

ination conditions. At this time, the exposure is performed by varying

the X Ho BRSO A B b s TSI TP B ABb RO O Yyt ?5 g decrease of the
soiubiﬂity].ﬁ(m:@]lﬁe@se tone Adteddheredposueptherngsishifirsistheaiatbate the polymer
side cﬁizﬂﬁ“ﬁﬂ B‘P@%%?éw_ﬁ)g% %&ﬁ%ﬁ%ﬂ&&%eal?f’tﬁ@%l%%‘{ﬁ B gn\/\gma}zndev loper and a
organic developer in a desired concentration for a de Ired time. 1fter t%e

decreagevd|Gpsniahb iy FmeiatRSE dy panermistivdatiirer vising ©B-SEMic chemical

reacti@ndiibaxnstsadesen’rimHema] dagioaus RSN for JO/meiBgh time.
R R A

of an opt%gflmage wheri thé above-

of exppitire dpedifie expesureddssdon auldhiand iaspeuificifigabs Hdsitpnaisieveloper
in theChlaulatadithe ?Hzﬁo@ﬂg PRIfOrRRed USIng 8 SIRYIBHORROEWA R sure dose for
y

(Prolith, produce LA). For example, a spatial intensity
solubifiditord Cofh fr PIGIUHS PR pVEAPRAAUS IGOTEEL Cxpsareadose for
insolubHoumgith&iflnd bytherdightiatensitcat mpoasition aftebdie spatiabposiiondsh at the
. %@g by ined pattern line width from the maximum value
time Oi?]@t e spa&%?ﬁgg%ﬁ;ﬁty %{E;(%Ution of an optical image is defined as the

threshold value (b). The threshold value (a) is preferably from 0.1 to

100 [mJ/cm2], more preferably from 0.5 to 50 [mJ/cm2], still more

preferably from 1 to 30 [mJ/cm2]. Thé khreshold value (b) is preferably

from 0.1 to 100 [mJ/cm2], more preferably from 0.5 to 50 [mJ/cm2], still

more preferably from Ito 30 [mJ/cm2]. The difference between
thrachold vvaliiee (2 and (h) ic nreferahlvs from O 1 t0o QO Im 1/em?21 more



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,

PrimaryRmINeS: Sush.25 £ hylaging apd 1 Rapylamine, secondary amines

such as diethylamine and di-n-butylamine, tertiary amines such as

triethgidMHe &h%rrhew%% iR EBRbPERATHES &ith gsolubilizing the film
by a pdmﬁmmmemmmemthaﬁMﬂrﬂu@esmeslam aoshanlurmgalts film by a
nemt;%g Qn%sgteevté meth mt grrrrr] cp %g&%cg .5 n\%&% raet@él {rr]n@g umformmg pattern
FOXi cyclrc amrnes such as pyrro e and piperi |ne
fOIma'Fthitthermore this alkaline aqueous solution may be used after adding

th%ﬁ%& %@h?'%@%ﬁéﬁ@ﬁ&% @%I%{ﬁﬂ&@@saﬂéﬁl@ﬁ?te a(r)nfugé The y

i conc of the. alkali developer is usually fro 0 20 mass%.
NG AT\ Bl BBy TS ol 7 SPGB 1 mipunea i at tris
time, @ashomrgm}?ugq@;e&husﬂxﬁﬁ%tetm&ﬁw@mmmum@drdmﬂéihnlmnmn o 0% for
the o@fﬁ\fﬁr{&% devel@ﬁbg% %1@%{@@ acsoéuﬂﬁgsﬁbm%ﬂ@@@% URAREHinimum exposure

performed after&@rtrve tone development, pure water is used, and the
dose gitiveeiatertHay e uEee eﬁépﬁdﬁﬁ% thierates o pitcalst o 15 desipnated as a
threshappvemee(tg amount. At the time of performing negative tone

deyelopment, an org anic develo er. conlarn l}bent is

pref}éeera égblas SRORS for}ih% Férganrc de\%lﬁqggg??yv%a(cﬂ 8%% Se tised In dose for
soiublbemerthmﬁlmegnm/eomﬁeedeveléprﬁbmerai?)éréﬁ%cbr@ém}mdﬁaasthe threshold value

(b) fok%@rﬂﬁi%@%%qmﬁm)ﬁ@% ﬁ%Q&@%@E&hWtﬁ?&?ﬂpﬁ@ﬂé’ﬁﬁfomaﬁon can be

E\ge based solvent and ether-pased solvent, an I%yd carbon-based 4

achie\gy 3 B U P PBP Barr It WHAY b it s ReTbAd ALy coated on a
wafer solverpssich gis peotGtanooieloendtandhe tﬁmehrariorzéufﬂénbnﬁﬁm@;posure dose is
dlssol%c?t&lﬂﬁ 4&%&&@9‘38&@ %&%@Q%@dﬂtﬁb% k‘@éﬁﬂiengy ‘ﬂ%’ﬂ@?‘qgﬁn%e threshold

cyclohexanone, phenylacetone, methyl ethyl ketone and methyl
value @8&%{

PRSI E A0SR @s?é?%%@@d’%‘?v%rﬁ‘tegﬁﬁﬁea@’ﬁ‘?e‘i{ﬁw]é’é’@fat‘éfhﬁw pattern
formadioatede, r&t@ykﬁ@ete&ebys@&r@wbamtar&mﬂm acetalés pispylererglycotder of the

devel(aag}nﬁ% ‘?&ftml ether, Cet & ¥qun§egl%%%l %ng ‘Ehy rirtxrcl,%[ %%ﬁatg ﬁecatzve tone

ene glycg?monobutyl ether acetate thy ene col monoet
develanpier a%b%ateieeﬂig?ll@ﬁe‘thMro?ﬂo@@féo@nﬁﬁetﬁé%}%utyl adpatéhe negfﬂW@ tone
deve@pme{hyx&nrﬂ%hembq%aﬁe&ad%@aihm tormates ethytitarateaibitylan organic

) formate, ‘fp%#f rmate Itlactate %) :hactaate and propyl lactate.
50 WWSI g aﬁggﬁ’g’l ased sofven ifcItGeSn alcohol such as methyl

alcohohrethyd dlwobeifrelprepyicalosiibh s oplepyheietisal, mebury efcotdiplling the
mater?ﬁ(}é?é{gd ?!ﬁ‘%@'{el’?%@ﬂw L aleQhakmisobutyl algohal ans e AlePRPlontrolling the

n-he ty cohol, n-octyl alcohol and n- decanol; a glycol-based solvent
paramgif tedats )We% HiEBTS diethylene glycol and triethylene glycol; and a

glygal &ﬁh&feb&ﬁ@rﬁbl‘é@t&@lﬁmﬁhweﬂmgbecfo\rmcnm@igtkly,bemnes related to

solubxglrtgpé/ﬁgg 1%' nomeiﬁ'?(%ﬂ el@ieegwart}geglgﬁglﬂﬁg %?%oeth%}[&%z such as SP

thylene g yco ether, triethylene glycol mo

value a3 HEHE xpRIRTHEBU DI ogP B@éﬁ@pré% @f%lé%er%e@eﬁ%mveﬁmles of the
paranre@lxuqi@@mn@d%&Ioméogbg@w@bﬁtﬁr@e@aee%eomﬂts@ﬂw@rﬁmwﬁ @ average

tra furan e.s of the amide-based solvent whic
mol ecliaerd n%ﬁ% eT{Frﬁ’e% ﬁ@ pyrr@lh onep ﬁsﬁ} drmetﬁrilcface gmida: gosd%ong ratio, the
polarily. Nfdmmemyrmrmamw@eomer Eumplestbf the!mydrobiabbruishsed sddver of low
moledﬂﬁu%ﬁﬂér%ﬁ%ﬁz hdiecarep-hasedSAV e SHER ASHAINERR ARY:, the addition

ylene, and art aliphatic hydrocarbon based solvent such as pentane,

of 10%@3@?@1 Fadhd i angdlsaddiion AESHIEHAYf these solvents may be

mixedo Ofike o benhphay diehsspobdys midingdt it soluentdthie than formation
) be . OF water I

rempg RS R R GO e o R S i RO P o
the effect of a surface tensron and keeping it still for a fixed time, thereby
perfolining the development (puddle method), a method of spraying the
developer on a substrate surface (spﬁé’y 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
(Avvnamic dienance methnd) mav be annlied In ricinAa <i1ich a devvelonment




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

the terﬁi&‘ﬁ_‘ﬁ@é@‘@é’\%ﬁyﬁﬁﬁ@ﬁm Mdadieiniatalamidganszie system (puddle method) of
,Ndimethylfonnamide; an aromatic hydrqcarbon-based solvent such as
v PRty AL i A TSR 4 S DO e solvent such os
ocmmmaecﬁﬁmobtainiﬁgacigommm@ (mﬁ the devedopebhavipgnaethod using
ne gatiygﬁ)&{epé g‘§<§%§%ré(%[g% A%P Gt ess ﬁ%g;%ﬁm‘ﬂm&%%%m&ﬁbﬁ f %&%ﬁ@@&elopment

~include a ket ased solvent such as 1-octanone. 2- octanone,” o
Sing MPRSNAROHE HOFAHBAEI WEpRATSHE JHsxRERPHIRIBb iy IREtEHBLON, it is
impor¥glRhexanprahgbylcysiohexanenerandnhenylacetens; anesterhasetmeters
while §°|\§8n} gtu?hc%s g{y}lﬁaggtgﬁ'&e,a§ang¥étacetate, propylene glycol monomethyl
e?ﬁerpa%e?&fe, ethy ene gﬁ/c monoefﬁ'yl ether acetate, diethylene glycol

monshealEstHeratetate adistiyliend giykoldnofncetybetherracethtes positive tone
develcﬁﬁ;}yé‘xg)ﬁ%tIﬁ@éﬁ!ﬁ%pﬂ&ﬁ@%wgr@%h@%w& 6Ll nmetle3posure is performed

methoxybutyl acetate, ethyl lactate, butyl lactate and propyl lactate; an

once 35 AFSIIBEL P SBR Ot WHEH 8% BUPHR IR IIEERED Ty *KichoPeETBgH by the
follovahgopiak dsabUtiizalcohily ddpenyialsaiioh, pebiaptyltateolioleivpatykaloahative tone
develo%%g 19}9&??&%% %lﬂbf(}?xl'pgﬁf&ﬁ%[vﬁﬁ g?g%%@g 8%%%@%@!88%’1@9%%@&% using a

ycol and triethylene glycol; a glyco yased solvent such as

develqyn@sifdereny oot ishshteeryist e el epyieh & grdermd plirriegié srposure.

diethylerenglyealrnenanatbyheheandrigthyiepe glycol monoethyl ether

an methoxyrrgethylputar}ol;gan %n%ggé?gsedtgolvent ]s%lch as ion f ttin]

N-hethyl-Zp§iFBlidone; NON-dimetPifacetamide’ang °  COmpositon o muttipie
develayridimethyiorrabuhitie: am arométichihoclrdnisasedrspicemnsusplaslity in a
negatiW'ﬁﬁ%?&Q@I@ﬁe@'&é@%é@%&?%@ﬁ%%tﬁ@ﬂ%&iﬁ%&@éﬁ%@&@o@?d

decane. In the developer usable when performing negative tone

defE1bbmehti st SHARERT RN be added in an appropriate amount, if

desirdd. a firkhaestirigatant is not particularly limited but, for example, an

lonjgypr nogiie darinseanialning anaier SEANCoRaNnG Huasian!

can be used. Examples of such a fluorine-containing and/or

siligsR contaiAfg S GHRREESIsElude the surfactants described in

IPeAB2-366630 AP A BhPAETARUIP-A-61-226745, JP-A-62-170950,
JP-A-63-34540, JR-A7-230165, JP-A-8:62834, JP-A-9-54432,
3P0 modl GRS SRURLE 5 /3B S b ags A g lover

5,288 800 5488re98e ey VAT iBRomBTdeand 5,824,451, The

surfgctant is Regferablyadanianicsurtactaniil he RANONIGRHFRERNS multiple
d 1not%}%rticE{%@lrly li iﬁg but a fluor.itne-contairéin 1surfactant or a bility ]

CVegiiitdh=c aﬁ%iﬁéﬂé Reth iR RIS I aRSHSa CTOPE TS SASERIAPSr Rl in 2

negatisarfactaiey okedisierseaihs frpon G000kt 6 widssdaqnaferaphyr frefin@od05

to %imgxssf’/g,ﬂpsqr&%g{@gaslg ’from 0.01 to 0.5 mass%, based on the entire

amount of the developer. After the step of performing negative tone

de{¥1bbmentitsidtetsi8E st6Bping the development by the replacement

witfiwgnother sefvenisnay fiadactiegd. film widstepeghwashingdbe:1esist

filn?\i}/yj) a rirgéin ggl}ytgqsﬂr%os?etaining an organic solvent is preferably

provided aftér the nagative tong’development. A method where after
wahihg wittsecfimdirrp8aiutien, 2hé rinsing solution is removed from the

substrate suEiRESPYFAIRIFIEINE SUDSIRLS itk OIRIONBYABERL0ERQQ0

rpm to 4,000 rpm, is.preferred. In tgfe case wher thﬁ)vapor pressure of ..

the R CooR T I TRE RGBS e B the K Betigomposition
describve hntfterndmaonizy the rinsing solution by rotating the substrate and

PERBHAIESHQ.HAe; SISt RAAIoTBIetan thesUbSHAtE i SWRNNES in that the

resist pattern, as a result, the dimensional uniformity of the resist pattern

is deteriorated. For this reason, the vapor pressure at 20C 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 alikane-baced enlvvent a ketnne-haced ecalvvent an ectar-haced



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

Iat1tucf%ec§fc&r(5H{P& Helayelonme OB&P&‘M&'@@%@R&}%@AP&&QQ%&E §9{)%¥ﬂ?9 éﬂg control of

developer on a substrate surface (spraying method), and a method

the thigshaitLvieR 1R KRy THPESTE RIFE SEROIMECS OSSR &AM at a constant
spe@@hwbd@e&qa;mmﬁh@dﬁv@gm&ﬁ&mgmm&@m copstanhit&posure dose

18 prei‘cz‘Xﬁ%ée rglsg)elnse t% & ¥%%6ga eg o??ormlng 2 aeges t forml l% 7, in the

he r |nvent|on il on a su

secon@ﬁaw@mm@@he@hp@wﬂ@w%w @@mm%@wﬁsmé}i@r@@law@m@mm the
hlstorwgmﬁwgeé&lﬂbélﬁdgh?e RRYSIHIVE: 10REHCYRIPRBEHSRECRSBRH PO bsure dose is

Irradi |on wjth an actinic ray or radiatign step of exposing the fiim, the
sufﬁclgl% ttflﬁ@"tﬁ]@ I‘%Iz Fﬁ %mgﬁQgﬁb%ﬁgf%ﬁd)gg&%ttgmosure dose 1s reduced
and deiwﬁhngmerﬁnet@ahm titmn may decperformed by generally known methods.

Thegxpo b‘éﬁr@%@éafﬁéfofn‘x‘ﬁ‘én‘fzﬁhﬁy RB%S&'%L'% ?&&%Qﬁ&ﬁéﬂﬁ?g ' posure is

the li Ie%)ht ource wavelength, but, for example, a KrF excimer laser,

preferghly éz%ihf(zh@rnmr%ﬁ%lﬁ%%@ﬁ\gﬁﬁ&@@hﬁ&@é@ﬁf@iﬁ@é@ﬁﬁwéh@ahe step of
perforiigxginerciaseewavatength (b7 cam) canthaappiiede firsle:dhessteRaf be made
o 1ess°ef’rf f”h” F%%SSH%%%%&“E (esgnLinyention, an '%’f@?éé‘o exBostire”
& immersion exposure metho

tecﬂwhm@aﬁ@rq%mﬁgnhmgeibélaﬁw@h@vm@m@ea ﬁé@kfﬁ]ﬁtﬁ@@ﬂg@ﬁ@ﬂhﬁwg@t limited
to podhfvExpasUIeRfilinga highdafeastiverndexlianicidbareinadier %@U&%E@?%&y be

referr, d to as an "immersion liquid”) between the projection lens and t
perfo@é‘?ﬂﬁe As for the "effect of immersion", assuming that NAO=sin0, the

resolutidragndglépticftfespsswizedoim medsénb caiodrel expessedibyethe method of
adjusﬁ%%om@%{)%@%@s%rﬁSSQMIW paﬂ%%?é@/ W&P %’ﬂfhgfff? tﬁ)al' and grocess is

24)/n)/INAO2 wherein ko Is the wavelength of exposure light in air, n i

effectipy refin BRI SHiEX Wﬁ@iﬁ?ﬁeﬁ@of‘?ﬁ&iﬁ@%@eﬂloﬂ‘%\lrﬁﬁﬁdh@%%eﬁtep and the
tempe@ﬂﬂvergﬁlﬂﬁe f@ﬁr@@@ﬁﬁ@&fﬂé@ is effethiatis, haeffedhobidynessigans the first

u eof an e vele h of 1/n. In other w rds
eXpOSB%ng?%n op%ca? syisitgem %e Fé%:me N?&( t%e ﬁeét?ﬁs of %ocus%c}:lgf:n‘%bVe To set the

tempepgiitie mtﬁhﬂef.lié}r@éﬁtmgtﬁ@mﬁmb@sl@werrm@nstbﬁm%w@l|lpather$f:cond heating
step. profiles and can be combined with the super- resolution technology under

st at present, s s.phase-shift metho d modified illuminati

e BdPEShO| AL EAab B RS A 05 CORPER e A S RHGB Fs follows i
the aciwabhihgghelijrrsgeface with an aqueous chemical solution may be

performad (1), before the exposurecsienafish farming R AIMOERR 2 positive tone

substrate and/or (2) after the step of exposing the film throug an

devel ?ﬁﬁhé?grsﬁSﬁaLﬁadba?lﬁéfB% {ReAstisgbieiitgdreinsT decrepges upon irradiation

with dinaagrstonyiguicdsapirefesdbiynadiauisl idincrteansparentinlighhat Ha@osed through

a ho%%lgayfe Ae@%@eﬁng having as small .Iempsaldte CoSTCIent of - At this
ia € SO as to minimize the tor on or an op ﬁ

active in #OSSI
time, i gaEnsofEcts PORIRCHIMY PaFtiBdiy, Wﬁeﬁmef@woguﬁé(lﬁgrﬁmﬂm@@asmd the
expos@féﬁﬂg&mqﬁﬁmzw@f@ength 193 nm), water is preferably used in

V|e % y avallabllltgltand e?ﬁ hancég\eabé ddlt n to the desired

é"'&é TG HEpeds o5 LB s?n Q\R}é? rARPS G elor @ desire

time E(rh@md)l capalole:df e reasiittey simfac erte Wsiored Cwatert e intreasisgred time.
After P18 %&é&%ﬁ%ﬂv'%@ﬁ}&@‘%&ﬂﬂ%‘%@ siallyauq, Lusadditve isp. SE\% and the

preferab % | uid,that does not dissolve the resist layer on th& wafer an

exposaf@tﬁi@ g é@féfé 186K RMingibie eroiroA theusHiing vddibattpdetermined.
Subseyneletisurtaceinfetherensaldment. of arSweha addugwewa@r e@éabbaxf@fdescrlbed

example, an aI hatl alcohol h V|n a refractive i eaﬁliy
phmm?wgtlesr iar% sj[gec}wgtbéxarrF es the golslncltgi 5em%ﬂfrriaco o"imqe:l:[I PP CC%IIC focus

alcohol and isopropyl alcohol. By virtue of adding an alcohol havmg a
refractive index nearly equal to that of water, even when the alcohol
component in water is evaporated antflits content concentration is
changed, the change in the refractive index of the entire liquid can be

advantageously made very small. On the other hand, if a substance
nnandiie t0 linht at 102 rimm or an imniiritns areathvy differina in the refractivve



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

posﬂxéfﬁWg Qa?&ﬁa@@d us%é%é*ﬂ&%?&? @Eﬁr%e B%&F&ﬁﬂg%%%ﬁﬂmﬂo%% (Prolith,

able of mcrea&gg{:he polarity by the action of an acid he resin

ver. 9c2a BlePBtdHesd d8irylthe p&%ﬁwlwﬁﬁ%@é&hﬁ%f%%ﬂoww%qy@eé i Chris.
A. Mdkie 1esist parsnmsmonmfp&laezgre@en&ﬂmmgs%ﬂﬁaamslmhamqecﬁf@mms Inc.

tha decompo ion of a I e an alk
or b PN Rl LINBTeL FATATLS L R A AN PR Shown n i

8 of agrup'y), oreedtiieromaast both of the main chain and the S|de chain of the
re%ﬁé%ﬁ'%ﬂ% ielayed asan 1@&!959?%@@%%3@9 é?t%'lnih@@panal position is
id-decomposable resin A) or.a "resin A)). The resin is preferably
shiftegglh [(fode! BIABHHH g%@gn J@?ﬁ%%%ﬁéﬁﬁﬁ?@&&%ﬁf&%&h the spatial
intenshtasismionacycliaros polytyohg abeyciiehyidr doadboidstalotee. and can
inc I vel
oA T e LR R B SRR s ollows
the actpgilhagepkbRie6Ries referred to as an "alicyclic hydrocarbon-based
acusl, dm@rmagﬁel@@ resin) rRecausepiheipelagiteof t@ﬁtﬁ@ﬁifylslﬁrﬁaﬁﬁsmve tone
ed betwee %%re tand after |rrad|at|on %f an, actini Eg ray or radiation
g d‘evelop%%t §

deveh}éjeé %Igljrea e YESIS 1l}l}SeII’lg a pos%vgctone dEVEFOugon iradiation

with afppefieralosyan eﬂmﬁldze\veh‘@p@@datmaasnbgmwean@;héldewmyﬁém(mem@through

a phoﬁfhﬁ@aﬂé‘%iﬁgl\ée@&uf&@ 9&&9}9@% GRRIEASILIRES. UHBsImAY %o&l{tﬁﬁ@ﬁén At this
having a monocyclic or palycyclic allc clic hydrocarbon structure generally

Hme, s RGRTHaFR POBIE aRd Efstrés A higR deveibisitemt (At atihe tms and the
exposofdidye dping fiad/ cesibtipa.in the region of weak light irradiation intensity
W“Rf’t‘&‘%%@ ?‘)&9&}% developgr ﬁﬁﬁ?f@%@% a?rg?fé&r%@@ g&@ﬁ@%‘!‘% desired

evel opabpil It n using a negatlve tone deve I0per 1S ennance
time gndathledese fm?%ﬂW %%dﬁ@@%éﬁ‘iﬁ%@@%@ﬁ@m@%ﬁﬁ%ﬁm@f a desired
time. hydﬁexyh@ngezo@x@amo%dlﬁmlﬁigf@w,mefmffmtednaiaah@hg@u@ ,@D-SEM, and
sulfonic aci on e group, a sulito imiae grou n
the e)fgﬁ()ﬂsul grsﬁ:/ | Oltn)glyc jg c? r’? ﬂy eﬁe group o @cyrmmg LA Mine width are
determmsuﬁehwmnﬂmatbeny;ﬁmi@e groupuzobisthieylcatisehyogetihendhe above-
descri%qugh@f&ifa@dlixl@éaewﬁimi% DPUBIR e?@ww@@@m@ @nd a specific

s 8 S SRIGHpAmE gol  Hceen Ie

(Proligropnpdeqedeber &ty a carboxyllc acid group, a fluorinated alcohol group
(preffrabbnRalyprpl SaRAVAN 2 BTG AT IR0 of a Bftical image is
group capable of decomposing by the action of an acid

Obw”m(%f%id-decomposable groups) is preferably a group obtained by substituting
theHyreragenoatonn ofi ghe nhﬁvergias@mawgauﬁadiﬁﬁdubiﬁ @[ﬁeﬂmwiﬁshaal position is

e ofI avi ctlon Exam es of the

a
e g oy U o Bt SRR SR 1 e spasal

rntensemy(RBmy(Rﬁef} ap}(wée;(mﬁxdrfgeadmdhe@mab@hb@m@@) In
the’lfﬁéfﬂﬁb%ﬁsﬂ&@il&f Rp& gge?é’x«%rgdﬁeﬁndq%y}m eﬁ%ﬁsjaﬂla%»ﬁrcferably from

e T

preferEblshfofiRQ,land IRO Y inHepéhdently repiesbhtsamy drbgersatoml/an Alkstill more
pmfelggw@rcgncy%o?éQO an aryl group, an aralkyl group or an alkenyl

The acid-decomposable group is preferably a cumyl ester

gro - i Bricsshel Brsap T hRiearbsE gl ot Pleftidkr EaplEsksm 0.1 to 80

[mJ/cgrqu m&dh@éﬂe@morﬁd@ﬁefesab@y sotgtiandlkybeistergroypsferabiThgom 1 to 30
{mj/cﬁeﬁist composition of the present invention containing a resin (al) having a
manocyclic or polycyclic alicyclic hydrocarbon structure and being capable
of increasing the polarity by the action of an acid can be suitably used
when ArF excimer laser light is irradiated. The resin having a
monocyclic or polycyclic alicycl ¢ hyd?écarbon 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®)
ic nrefarahlvy 2 recin containina at leacect nne Mmemher celected from the



In formulae (p1) to (pV). 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. Each of

R 111% QR 16:pd %@eﬁg‘%ﬁlﬁ%{'ﬁrﬁ@ﬁﬁ% aline a&&fel&fﬁ&%ﬁ‘ﬁd ke UBeveloper is

having a carbon number of I'to 4 or a cycloalkyl group, provided that at
prefergbhisbeide of R12 to R14 or either one of R15 and R16 represents a

cytipaliykgrasmioper waich ofRI2:1e:R2 iogopandepdyiiepresenisdiopment is,
hydrogen a a linear or branched_ alkyl group having a carbon humhber, .
for el b oAt SroCH RFOVol RAL AL Lt ot B oty Mgy roide,

potassreprdsdmsidecywidalkylagrbopasndtdanmittibcdne BRI mvdeRiigate and aqueous

ammolERTBRRNS aiieay Qrhranchad-alyl arup. g&ﬁiﬁ@[%@dﬂﬁﬁ? ehhds such as
to 4 'or a cycloal yEIX?roup. . Each of R22 to

, : k 25 independent o
diethy amias 4 & RyBYOdeR Stonif 4P BEbrion e R ?Buawgf?n@%hﬂdmhﬂ
amine catloohahumbierof duth 4aor dicysloatkithgrbupinprovidedribdatl@astonguaternary

ammoRif t°s§j1%5 rs?ﬁﬁesgytsc&r%éﬁ%%%?ﬂ%ﬁ2&8@(5@4 TRAY CQMBING s monium
with each other to formaring. C ) R11'R12' (- AB) In formula (I-AB),
hydroxggenagf R1clia g RED Sl adENa PEFTESBAIEA hydrogen atom, a
cyapelgroni=a halogematem:gtenalkyl giodpmay Herepeasestsraitding thereto
om(iica roup for fornpinig an alic%/clic structur? containing two bonded

t |
alcom?%l%lon a orms;i 3(?}-@)? or?hnuﬁgp(li %@%ﬁis& i’[%lroeq‘%r'ably the following formula
(1I'BB hikeh @haBayatRh3R tea dikpditdeveloper is usually from 0.1 to 20 mass%e.

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 fone
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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(I1-AB1) (11-A In formulae (II-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

decam!)(?“aﬁt éY‘gBJI‘ EQQQ(? IS REPRA3 a&%ﬁ}@ed@ YN Qlﬂ,%’ltﬁ éﬁ%@émgarﬁsmethylene

represénts an alkyl group, a cycloalkyl grotip or a group hayln%a lactone

giycolsﬁﬂ%%Y%k@&@s@%ﬁ%dawla%eﬁ%ﬁ%%ﬁﬁ AOMPNAERY ST grropyiene
glycol- St @%héﬁp‘f&ﬁ%ﬁs glﬁml@m%ﬁé @@IM& eptelimidiang: (bup] monomethyl
pres COO OR5,,-C I roup, an alkoxy
e, o N e B R, D e St
Reepresened Areatkytghesss ol eyclvaliedegroupiditrenresdiselyeplietier-based
Solve]{g@%t@@e &pﬁ&gg@}{a tteialkyd graup of R12 to R25 is a linear or branched

gro p vrngacarb nn mb rofIt e cyc of
R R RS o ARG odR T8t 2 el i G ey
pyrrolatoma, Mhm&y@&y@mmemkglcywdiﬁpegﬁﬁomamphes thereof include

a gioup, Naving A CATRAN QMMPEL QL QL IRE ANgnaY '51%1%5[%‘9’?198¥8&91rb0n based

bicycio, tricyclo or tétracyclo structure or the like. The carbon nurnber
solventhahsbf i prdrersbRRfroiiEto 30¢ Mbré Preteraby it rops sed rigdeent such as
pentarRy¢loalky| greupseadasnay have a substituent. Preferred examples
of EQe ﬁ}ﬂoalki‘ltgéggdg IE,QJ%In g?n%n gd?nmy?en yorg‘tﬁe 501V radargantéled by mixing it
_ grouﬁj alin residue; a ricyclodecanyl group, a'te racyc ecan)}/
with a@@mpﬂ@ﬂmwf@@ﬁsﬁéedr@@m@p veyclopentyl group, a
CY%%%éﬂ@%d@v@Y&ﬂ%&%@%&éﬁy Fof G996 SaHBd B EYSINHLGAReveloper

up and rou mong these, more preferr re
on & SR oY A UEPAgN GO R cTBEFSER 5 IO ed time,
therebgrpenﬁemtetg&hyal@dddpmyI(gvddkm wrndlwt’r)cya’rﬁ[ﬂh@&mjlsgmmg the developer on
a subs@émgﬁgcgf( §f"i9§ﬁ1tb'®ma% Lf&@i‘ﬁoﬂ”@flﬁ%&%ﬁf@é%@’k%ﬂ%‘?elopsr on a

each may further have inciude an al y gI‘OUp aVI a carbon’number of
substrat%or@}aarﬁa%geﬁ%wpfasaww SRR AR GYElp thalmigne nozzle at a
constBArEAs Ndynberoidisierd) aetrbdXyhgyobp aﬂﬂzaﬁl alkoxydagbeimi aralgpelopment
aving a carbon numb f2to E am f the. substit .
et o Aoy ouneaice, SABaard s i AR st i

cooledyitip figrenephraiiomelibie e rslarsxyP Jroupe A drsarer atseoaneealswiepgy and the
film (QT QM resist J@ﬁpﬂfmﬁtﬂrmr%?ﬁfﬁgd:@é‘sfﬁﬁ lﬂiaﬁo@él)s&l%ﬂ)ﬁaﬁé&@éﬂant rate,

be.used fgr theﬂFrotectrg % alkali- so ubletﬁrou %ﬁm Examples
giving i, 1y SESERIBIORr cftdEVarBls §roups khownth i SehRtkal™ vapor

pressifield; 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
(p1) 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
rosed SN R BOERISIREY SRS S B RTIL e Font EFVCafy ot e o,

diethylgpeatiaty criit havpimepaathalkalegsiubleggtcprotegtecbby thersieticilire ether  and

methdSRRSERIRH Y Ay:0p8 Of fEmulag M 1 dPY) dS REGRrARNA AEPERLNGhide-based
unit represented bgéthe following formula (pA): he formula, R

! Y .. In .
S0]\Verf‘épre%‘i%’ts aiydrOG&F Lt BV RRbdertatomior ATREEY BEBaRtfed ARGl NN-
dimetgpbfspriavidg; acarbomiumbesefrboe-YsaddehpiuralibhofsRigweay Heithelene; and

an ahé@:%%%&'&%%gg{)%géf &)Clt}@% Sleh as of Jr?g Erireiaed%tg' a.single bond, or a

)up or a combination of two or more groups Selscted from the
grovipredissisangpbrad Bikglerd qreoupransattiapgraopseahideindiagpolgssat 20°C,
whacma@b@nﬁbgfqy@faaﬂfs@fggm@@a a@[gmg&?%eai %Hlf&_éﬂﬁlt@iéé% %@Ig}ﬁ@&mone, 2-

urethane group and a urea group, and is preferahly a single bond. Ri
OCtancr’@%’resghn (gngnégr)%eup r%ﬁ‘lpé]sa&gféed by%ﬁip%?rggng fo%ﬁﬁ% to %H?f)bwy} ketone,
cycloMhrarepaatirghuhiy cépresentsd bydfarhmuld {pAdis; moreprefesably solvent such as
butyl 'EREAMNG LRt %9&%9??90?%]%1%6 y&gr%m%ﬁkﬁ“&@@%é%tﬁ%gﬁgm alycol

dialkyl(I-adamantyl)methyl (meth)acrylate. Specific examples of t
mOnOFHRd AR At FEfSTe SURMET BYF foriiEnh (RAYARE ERtTSRN BERHWE battHy ene glycol
monopiiedertinventionds rotiriatdeseipionate, (18-thetfionvibilag, Rxetate, 3-methyl-3-

mendERESES S 1SRN e o S TSR RN e
such asqignyyalcse ge&butyl alcohol, tert-butyl alcohol, isobutyl aicohol, 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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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'
treamgglrﬁforml an. a|I1C stru an atomjc group for. fo ming, in the
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acid ma bg cont inegoln at least one repeating unit out of the repeating
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increzspecifié erarhilles.in a neghiesalisycli-hyidraradeoredaseatbon irradiation with an

actm;@?é‘} decempgsable E?e%%f%&ﬁﬁ 19 1he RIESeRt g?é[;? B%'?x@a?ﬁ%qg% ﬁxl:'aa%g the step

lacfone group. As for the lactone group any group may be
of apBly 20N 41 SRVEISRE ST 4 FSubaray &S Pt ?rﬁi%‘f*nb‘éﬁé@?ﬁ@gy known

methdas:tone structure is preferred. The 5- to 7-membered ring lactone structure

e the stru turel the. for fo
bIC c%%ﬁr@é}%s uct §re #%}e%?e%?% k{nor pre?er% laél ésrggea nggt(}jni? gle fight

Soum%dmaﬁ%?ﬁ@ia g%}hpfﬁa\%@raﬂacﬁoﬂ@%tﬂ}@ﬂmerréms@m@&ebgtar@%emx an ArF
excinthelfelowingfongiblaecl Ginlide daCl; 18)kiie HQUPhRKIRERHAG0N®m) can be

anplic tructure may be bonded directly to the main chain. Among these lactone
PPUS structures, preferred are groups represented by formulae (LC1-1),

(L@ll Ay, QLf@PE)?@@f@'ml@B 0018y andhi Eistd).iByewiitue of Usingrsion exposure
meth?PEIlIG 13Gi0ag. structure, the line edge roughness and development

detfct are improved.
he 1mmer°,1on 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

al arbonyl.grqu havr .a carbon number of 1 to 8, a carbo roup,

TR o e T AR SRSt aapapirs Vel P, 1n
other a@diaé&bmﬁbsmmomcrém@mm@ﬁ}mw@p of B, tthe deykienfri2des can be
made %Wiﬁ@g%géRbgftHM&n?&%Bb%m&@@rf@&&%n?& a9 MaHIHRBRIAIQAnd can be

every other and also, the pIurallty of substituents (Rb2) may combine

combifyifh &Ah BihePRE THTRA AR eC IO lRRE PSS SRR PopBEtiG JHRD 25 Phase-shift
methocontdining Bcgroliprinaatiiog auddetdne structure represented by any one of

for 1-1) g,unit where tlea to
g3 to Cé6 01%1 ttéi%rir%fj% ](% }i«pgé 9&(%%?%%%%6@% g?ouparepr s%ntggm surface
with rﬂ/ afijeane ehrovsiliael tien -1yt Pearrfemst ékhbpieeREOPQOTRS e after
fomrﬁg afg:rqumr@arasmgéa&y@ﬂyo@r(epafwmu@%tep@rhkg&&k@lﬁ%hhﬁrt@l@ugh an
pe% res nted br¥[(tp’§ follo %formula (Al)> Rbo COO -AbV
lmmefSI Oriil #’ b reﬁr?agg 2% QOm a halogen atom or an
alkyhg mrpdram@l@mm@mfﬂmhbpadfqmemg tRrefensd exbgiplsastiof exposure
wavel I SURSTIeNt %&%ﬁ&l&%@f%&%‘&éﬁ&{&?tyoﬁd%/ﬁa!aﬁlér@%&an@fﬁe%m le so as

group and a halogen atom. The halogen atom of Rbo includes a
10 iR & S HORIEMIGHE SE5i57 4 BRSHINEISEAFA SPdn bBine AE6FY b ehen the
exposprefégabhpardty dragetrAtonmioralmethygraupgth: 19Abkepresents preferably used

m View%glga %I%ﬂy )%ﬁgsg{fggflahég%ﬁ! g%@&gn%%%” Sescribed aspects.

monocyclic or p on structure, an et er group,

an BstBF GRsap,Ta BaRBoNIgr G a&llﬁﬁ\/ﬁléﬁt@r@&@f&?n@éﬁwmﬁr rltgsurface
renszorh%ea@ﬁeﬂ@gﬁnﬂh@@ra@rﬁplmﬁa&gb@mf@ £ eKHIQTQHR: sman ratw This

represe -Abl Ab| represen near orj;ranched alkyl
s R B AS TSR )R ERShUp A s PreRBled  the

same amtEWerglrb@rpleah$t1ﬁ§/Ieﬁecgmum%\mym@h@amwérgr@mpmnﬁace of the lens
e;emeg{iamantylene group or a norbornylene group. V represents a group

represented any one rmulae (LC1-1) to (LC1-16).
pi HErg afrf%%rg SRUETERISuAT HREAN ak?r‘i’ééhl .gerrré% Ppffractive

index m@tmpﬂaﬂsmﬁ@aﬁrﬁy%ansadd Gpe:tiptieahispinenimay Dénused alerie balcohol,
ethyl Qégﬁg%ﬁcpifs@g Lmé&{o?pt'%} {7?91%65? g}/ngg}ulizﬁp% lﬂ Hﬁ%}ﬁgsaergitractwe index

ainly using tlca iIsomer, the optrc pu ereof IS’
nearlyp?g afBIﬁ‘Qb%rWﬁ%ﬁre em@/]ﬁgf@f’a@] lgroameraent 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, CH20H or CF3.) In formulae (Vila) to
(Vile), each of R2c to R.4, independently represents a hydrogen atom, a

resist WSAIONYL EPH@% %&])@ﬂﬂ {84y 8§8¥v9?9n@%%%1'§ 4008 QLRA0LQ RMliey in a

represents oxyl group or a cyarto grou ucture where one or
ﬂe%aﬁfx’/?d%%%@F@R@ﬁ@%@@@%ﬂ@&@é@é‘&t%ﬁé ﬁfgﬁﬁ@@wwmrerﬁéimaﬁﬂng

being a:kdteagnatan wmf@aﬁasb used Mﬁ@rw@{w@bﬂhtﬁaﬂmgscnbed below.
referre ha two members o t of R22.t10 R.42 a h%%roxyl group and

(A) R0 &b w? AR EfoL SrP% i oY “herﬁ%“r%fb% th§ Uit having a group
repkbsenseddayadny Gnewédomsulzeptliaitd (Vi incudésaaepeafing: is used in

the rekﬁrs‘ftéﬁﬁﬁf@s%&?%ﬁﬂ@ﬁr@%ﬁ@%%%@ "QJQE@QH'E&Q/ X%Bd %ﬁ%&@ﬁnﬁoses by

roup represented by formula (VII) for exampl e R5 5is a group

the actiggt eaﬁltéalw)aw e aPrErealiae Vs oA BAFTCREBTHA  fTed to s
an "adepiesenieddythecigllonwingidnulaedfnah tof (At d)alaRhaiR alfBtheRBt: chain of

the re@n {s%}gb‘hmeg( férrzf(ia‘“ %)s 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 polycyclic 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(Ra6)(R37)(Ras), -C(Ra6)(R37)(OR39) and -C{Ro1)}(Ro2)(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,ong obiginstac {Alla)Agand) rRig ﬁ?&e&?&ﬁﬁ%@%@%@s@?}%ﬁﬁﬁs%i group, a

invention is not limited thereto. The alicyclic hydrocarbon-base

cycloalky) SEeBmpo SaYIFaLh 8t ALdki (REPPeSEAD MVERNbIFIMY cdtang Rs7 may

combirepeatingdhnitiepre semted-inethe following formula (VIII): In
formu aé E‘g Z, represents -0+ or-N(CIT)-. R41 represents.a hydrogen
cror s W R o o SR WML o o

cyclogly) groapaneytisanyl gty lor acamphar rkiané skhwalkyl group of
RatrandiR42onayfasubsbiped byr-halpaenatarsereierablvilugsinger group,

atom) or the like. . Specific examples of the repeating unjt represented
an acc) IR ABENG 57088, KL B0 BUR et TG I certry alkyl
ester dimiied thereto. 00 ON/_?"---'O 00 0 0 OHOS _02CF30 _ The alicyclic
hyq’f}%‘?%Q@P' &ﬂ%ﬂ'%?%@%?%ﬁlteiﬁ%ﬂi@{ l_éﬁﬁtkﬁlﬁﬁ% RIE3EH (al) having a

t
invention preferably contains a repeating unit havmgBa_n alkali-soluble )
MOnOGHR ORI ST dTe YAl f B ERaRY R FAFNG B BRI roriie BY Wirtgesing the
polariof egntanmgdhisorepeating uni, thestesodlytiopeincreases i theciisageaef: light is

. d.f rd‘ning contact holes. As for the repeating unit having a carboxyl group, a
irraqigaied. : . . g . .

repeating unit where a carboxyl group is directly bonded to the resin main

chdifc susih 28 Yalseatimg iy DYcafr aepliiey abid Siw sHethadrpherheid sgucture and
being r@@%!ﬁ%?méaw@ aEArHOMYHPravniR Q@ﬁ@ﬁﬁd@ &B%@gﬁﬁ?@@ﬁ?@i Nometimes

through a Jinking group, and a repeatin it where a carbaxyl group. is :
reertif i e THS e A A eI EAETPRb U S o i o s
contaiimiimigwrlgfsc_bammanbﬁersa@etﬁdﬁvmq%m&ﬁ(mimtsiﬁliﬂgrmﬁmIapﬂaeing unit having
an aii%ﬁm@%g%oﬂucﬁﬁﬂﬁ{gﬁ%ﬂiﬂ Q%@&E@Q%@é@n@%@yb?% ne of the following

ing u

monocyclic or polycyclic hydrocarbon structure. A repea

nit by an
formulpe (RD 310 ¥) arrhadsRERIREAETY ERForE 5rebartRg following formula (11-AB)

%,1'- ﬁwz Ryg RWRIS R Ray Rog O
—C _?_R?B ——(li~0—~R15 —}—/27 N —JF—J—H—R%L
Z Risg H Ry Ri7 Ras
(p1J (pI1) (p1 11 (p I V3 (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 (FI). Thanks to this repeating unit, the

performance in terms of line edge roughness is enhanced. R53 R507? ¢

c-R§4 ﬁS%\ﬁ}StS 2 ORXx (F In formulag(}lg ), €ach of R50 to R55

independenthy rép éélﬁcﬁgpélh#&}gééWE“tﬁﬂt,Saafl R8I Br Ariafey ot branched

alkyl group hprowite dahenatiedst ofié of RE02eRHRIEE fronneaiddedtian at least one

of R24/IFgronp with atleasi one hydrogen atom,heing %%%ﬁt&%%‘fn%yﬁtﬂ“é’{éﬂemher to
atom. RA represents a hydrogen atom or an organic group

form g8 rably an acid-decomposable protective group, an alkyl group, a

cycloalkyl'group, an acyl group or an alkoxycarbonyl group). The
alk groupg(}\aRSO 10 R55 may be substituted by a halogen atom (e.g.,

fluprine), a cyano group or the like, and the alkyl group is preferably an
alkyl group hévipg a carbon number of | to 3, such as methyl group and
i mmét@r‘g;roup It is preferred that R50 to R55 all are a fluorine
atoﬁ]‘eIg e.organic group represented by Rx is preferably an
acid-décompdsgable protective group, an alkyl group, a cycloalkyl group,
an acyl group, an alkylcarbonyl group, an alkoxycarbonyl group, an
a&éxy%a%@ﬂ)ﬁrﬁethyl group, an alkoxymethyl group or a 1- alkoxyethyl

group, each of which may haye a supstituent. The repeating unit
ha%&“%‘f‘%é%ﬁgs H?té‘fo PR RERYAD KPR P afirly dinigen atom,
a cyane presenteithlnethesfottowing d6mgladk2): Rx 4CH2-CF 2) 0=C

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):

)
L / /
" _ 15

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

In formulae (II-AB1) and (II-AB2), each of R3' to Ry independently tepresents 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

or Oup%gg%g ggg@d Qé anliunrggér%rft%r%n&hed alkylene group a_nd is preferably a
single ond. Fb represents a monocyclic or polycyclic hydrocarbon group.

Fc rareselon o bigighertint ot Roeard i anshesdkakgrene froupcahd 56 together

with BECLBrBOIY oGS, BRNHRLABIRIRYIBRR SFOLP. F@g@ﬂ?@%‘%ﬁ&rweof include a
presented yformuéa (Fi)%gl represenis a numberof 1t0.3. . Th

r e
S50up Ry BB GPBTp TP B Bl ARG B Bog i . trieyclo or
tetracgyichexylgrouphorl &norbbmyldreupumber Speeific exafpibsydi-te 6 to 30, more
prefe RO vl P2VIng, .G IR ESEIBOM (ILIALE ) AE gt

elow, but the present invéntion is not limited thereto. 00 C
OHOHrEEExamples  ghdhgicsioHiatomyenwakily an adamantyl group, a

noradagiengecamposabledesirdeiuse indhe plesent ipnaptiondraytiahedecany! group,
2 nor 8@} in a @eatigﬂ&ni%l?"ingca glic t(:lt'lcqhxgro%agbo% gg(u ture and not lohentol

exxhl%lti%g cid (fecomﬁos%iﬁty.yﬁ; Sks to% |spr‘epe§ﬁng i ,%ﬁ%up’ a cycionepty
groupd s SHIMNE GLEBTIDW mitledahansbmponams drarnldde desisyfilmotp theAmong these,
more BRGSO ﬁrg%‘ﬂ@ﬂﬂﬁﬂm@?%ﬂ%rﬁ%ﬁgwﬁéﬁﬁgﬁﬁ E@g%yﬁgﬁmﬁl%sc%iopemyl

this repeating unit include 1-adamantyl (meth)acrylate, tricyclodecanyl
ST A R AR MBI AR Erodihe alcyolic
hydiseantdon-dadedsabitiidecowiposalie zBsih fosuwsernid thyelpadsdngroup each may

furthdP¥EOUQRJTRY GaNiAIn, g}@gdéﬂ%ﬁg the ahoyedaserbed zﬁcﬁgﬁ?t@%i%én atom, a

various repeating struc units fof the purpose of controlling dry etching

hydroped;graipe 28 Gy OIS AMARRP FOTRISRIMERER fehtto 3BEMRagE, 2roup and an
alkoxsesisioprofileand(prepgrtiesgeseralynteguied b the resistngleh @ the substituent
Whichr%ﬁgsllejtg?ﬁypgra(}uﬁséﬁggg)g egl%%%,sa Qgi)ggf/ci:%‘nonyl 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,

paﬁﬂ%@%&zﬁ%@ﬂ%é&@?ﬂ@ﬁrg Qf?%ﬁ@af%%lﬂ ARG PRI (91858 ranched

transition point), (3) solubility in positive or negative tone developer, (4)
alkyl giRRRLSVEBCCHAFPBR HYHFSBRIRE, njirbpitbie BREAAIRARsBIsHRAYBethe same or
differdh) Reheranceiefrunexposed area to substrate, (6) dry etching resistance,

an thee Jiﬂlgght%an be %J tl}/l C?ontrolleﬁd. Examcple%.of {he monomer

include’a compoting having’ oné addition-porymerizable unsaturated bond & 1P
selectedisoradifecgrrapridicsatio e ofars atieihaeclivacih esbersgraonylattidesther group, a

carbofEHBGHY Iamides oally), ComRRIHdsoVIRYh §INESS-ARd Y W8S Sethane group and a
ther than these, an addition-polymerizable unsaturated compound
Urea eEasIg ﬁiﬁﬁ%‘eﬁﬁ MBWS rs corresponding to the
ab@m@m@haﬁmﬂomm&ﬁ@@ syragjusakurifermaydie!) to (pV).
CORQIYMEHZEL, pit 10 P%@t{'tgﬁcﬂ ?385%??@%‘?@%%% grefer.abiy are eatling unit

acid-dec%mpo§able reéln, the mo?ar ratio of Tespective repeating structura
compefsis Cdntained IS apprepHansl) dershlrEy B controf thdl@d Ky BichignantyDmethyl

(methigstglance of resist, suitability for standard developer, adherence to

substrate, resist profile and performances generally,required qf the resist,
et s e e Ve
belowe misdlefirneasef thecalieychiapitirotetbberdiased acid-decomposable resin

for use in the present invention includes the followings: (1) aresin

containing a repeating unit having an alicyclic hydrocarbon-containing

partial structure represented by any one of formulae (pl) to (pV) (side

chain type), preferably a resin containing a (meth)acrylate repeating unit

having a structure represented by any one of formulae (p1) to (pV), and

(2) a resin containing a repeating unit represented by formula (11-AB)

(main chain type). The resin of (2) further includes: (3) a resin having
a repeating unit represented by formula (1I-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 alicyclic
hydrocarbon-based acid-decomposable resin, the content of the repeating
unit represented by formula (lI-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 Iess more preferably 90 mol% or
les I eferably 80 mol% r less, bas he t tal mol
nu ett#l 6f the r{?a{pe’agX ¥1?ucst |§I’llt iﬂ& §r%é d2ach of Rxa and Rxb
indeptrydirgtarbpisscotitainallyparabsivtigre qapmsentebbbyfamodnb of
formulae (pl) to (pV) and the repeating unit represe?rélted by formula (lI-AB).
In case of usmg‘Rbhe resist com@psmon of the p sent invention‘for ArF
—-Crgxposur i e, the tEsinpreferably His BEgTOYIpn view 5¥: }Ib;
transparency to ArF ight. The aﬁ’cycllc hyd r@gn based 6=¢ Rxa
aci omposable resin for uge in t@}ebpresent |n is prefer
resi re all répeating units are composed of a ( crylatebase
rep unit. Inﬁase ther 4 tlng units maylbe all a
metlpacrylate ba peating u I an acrylate-based repeating unit, or
all a mixture of methacrylate- baseq repeating unit/atrylate-based 3
repgating unit, but the acrylate- base;dzrepeatrng unit pfeferably accoumts
—{-cafor B0 mol% Qr.@gs_éhpjl repe@'@ﬁg.tmu;s, —Q&}g—a eyelic  —Lom—c——
)Lcérocarbon bas%d_gmd decompg Ie r sin is pfe:tér%QIy a copolbgm&:
ayingat least three kilis of repeatihd tiits, that is, a $ _7%/
(met m base(c)i -ﬁ~ ating unit a lactone ri g 5\)
(meth)acrylate-hased repéating unit haV| g an organic p substltute
by at least either a hydroxyl group or % cyano group, and a
(mgth)acrylate-basegkrepeating unit having an acid- deeemposable grau:p
+CHThéngolymer¢§ptéterably al%ra@w&o;polymerrzairertwymewmrw—}—
ﬁogtamrng from 20.1¢ R(;); mol% of tl‘(ge_gepeatlng unit @Aﬁm}g{ an allcy@Lrg(i;
%Tcontalrg% structuge repr"jznted by oneof 4 ,
formulae (pl) to (pV), fro to 50 mol%g,0 repeatr%rt having am
lactone-structure and from 5 to 30 mol% of the repeating having a
palar group- substltutéd/aflrcyclrc hydrocarbon structure,or a quaternary,
coaglymenzatron po%g:r further con%arnrng from O to 20 mol% of other

L Pe ng units. particul in is preferably &% ernary
H8:opo merizatidritpolymmer con 20 to 5085 ot7an "‘é“}“

4eid-gecomposattegroup- |n|ﬁg='r>epeat|ng unit repré"paﬁte any0 <g3 Rxa
on@ of thé following &;WRA 1)% mm 1% of &
lactonge ¢ -containifyg repeating unit any®he ot the

following ulae (ARL-1) to (ARL- 6) and from 5 to 30 mol/0 of a
reffeating unit having a polar group- su?)stltuted alicyclic H\?drocarbon
strycture represented by any one,of the followingsformulae (ARH-1) t@

(_ 3) or_ g guategnary cqpg y@errzatron{pgiyuﬂer@rther contadnin
H{*CH 0 molo/_?of a —sg-eatrr?gunlt having a carb@x)él group or a stru:pn[re J

reﬁregented by fognula (F1) andca repeating unrt(pav,rp o@h
hyd %’ﬁrbon stfue{bm&rand nmaet%ld decoimposabifity.
the mutae, R esents a tom or &methyl group, and=®
Rxa xbj represents a methyl group or an ethyl group).
Rx%/Iny Xy RX O - al 6 ARA2-3 4ARA-5
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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 solvest and heating the solgion, thereby effec e polymerization,
_a@@.d.rép.pmg polymen—:ﬁ{mag mét-hod of adﬂ{ﬁ@-ighﬁ e a solution
contalnifg monomer species arek@n initiator to a h solvent over 1 to
10 hotlrsy wo- ping polymerization method is pref@rred. Examples of the

oWveént include tetrahytﬁfuran 1,4- dloxmﬁhers such as
dusopropyll’é’fﬁer ketones such as methyl ethyl ke and methyl isobutyl
ketone, an ester solvent such as ethyl acetate, an amide solvent such as
dimethyformamide and dimethyfcetamide, and the*fater-described
solvent capable of dissolving the composition of the present invention,
sudixampropyehe lipesihntmowiethy! sthidt acetdteppriopyleAB glycoide a chlorine

atom, wgmgé@xbﬁih@haeﬁr&ymﬂmmmﬁammer'zatlon is more

prefera performed using the same solvent as the solvent used in the
resistcBpoRition of the Arésert IGEHS BYtHeVissBris alivkatoup baving 2

carboiprochtietiont dfipdrticles during storage can be suppressed. The
po‘i‘ﬂée%%%k% L%%%aﬁ“Bf‘? RLETE) X %Hoaf’% thin %Qd?ﬁ%egl%san atoric group for
atmosphere s S nitrogen an r the polymerization
formingirigéhetiasipof B HD NS %ﬁféﬁf@sﬁfgaa ebwm@rawfam&wgbwzch may have

a subsadie. mlA@tﬁre(@m .aazarkmedrwpaﬁ&r paaxide) clheiradigaliniialorsisucture to

n,azo ed initiator, and an azo- base%lnlt tor having an
o N o SR SSPOESUF QB0b & priTehea. preferre
ex@qwmﬁf@fQﬁéiwnlﬁbtqndﬁd@ai@W@mmWomhﬂe formed are the same as those

of theaRSHmEIRRIBIPBIYE e DRI 3ZrAAa0 (R TS0y propionate).

The_initiator is Eided additignally or arts, if desired. r the

compfetficbitedcis ! fﬁ%CPéafa’%mﬁf%ﬁcmgychava@dﬁvﬁaﬂév&arv@ﬁﬁ gifples of
the sutheidesiredipdyfhertis Red avésed iiyea ihétBad suttilas Bayder or solid

rec Y- JRERAFIOR CORGETBALANIS I AR RAMARS PIRPMhe present

from 1 mass¥% he reaction temperature Is usua y from 1
Invenﬁ%éhi)ﬂéféﬁwﬁ%ﬁmw?s@mw&%tb?e%éwwfrwe@ t@amb@:contamed in at

least dikerppiificationimay beperfasmddbyihesame m@th@ﬁbas H@@&&B@ﬁﬂb@ contamlng
egj described later, and a norm eth Uld I|

parte R ehon B oo te ey it R dr o dliappe v

remea@?@inbyefﬁé@ul@a[%&ﬁimémé dh@l@@mngomﬁewxﬁamﬁleamplymeﬁzatwn

comp@%?ﬁ%s&@rﬁbw'%@_ﬁ sgle, %&ﬂﬁfa}bﬂgﬁf IBE@&%&%@&@CE@Q@%{M%Y'QE acid is

ecular weight low e(:|f| molecular

mer ving a mo
Dreferg N, O b o P RV S P A BTSN TR PaGH oSG BH ng potial
structmsmmeddosd@fynhefrésmumﬂ(@bml(ﬁﬁl}dent and thereby remove
res ﬁ@%ﬁggﬂﬁuﬁrﬁgq{th'etgk% & M{ﬁﬁgoﬁlrﬁ%ﬁ?dﬂﬁ a(ﬁ%%f}%y become

such as washing of the resin slurry with a poor solvent after separation b
substiffigaifop!, Mgt PR KnasIepetr mrﬂ%eﬁ%éﬂ&iﬁ%%@%@ctha@mwmup Z for
formifearesissok ssalioyttiec presentd v entianl s rgfanably 6,000 or less, more

from 1 OOO 5 000, still mo referabl from.2,00

P e e T R G bt and
AB2) rmlé@uﬁ@ﬁb\wmbmhéh?etsti%@@femmnémwemﬁédet@gémlﬁgmé“@seﬁﬁmples

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 invention 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 cap?&ole of increasing the polarity by the

action of an acid, preferably (a3) a resin having an alicyclic hydrocarbon

structure, a dispersity of 1.7 or less and a weight average molecular
wainht of & 0NN or lece and beina canable nf increacina the nolarityy hy the



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

enerating an upon irradiatior with an actinic or radiation
%éé}netimes refarred to as a "phd¥otacid generator'fah "component (BYY.
The photo-acid generator which can be used may be appropriately

~—t ed fr -initiat fonic pho ization, at }
to-initiator dical photo erization, a decoloring & for
dyes, a photodiscoloring agent, a known compound L\bs&glc]pr microresi

e like and capable of generating an acid upon ir;radiatio?ﬁ with amr 141
%:?ﬁic ray or reﬁgaﬁon, and a mi@%ug& thereof E)"(%{mples thereof
include a diazonium salt, a phosphoniym salt, a sulfonjum salt, an | ‘

ium salf,"af imidosulfonate, an oX'@e ulfonate, adiazodisulfone, &'
ulfone and an ghitrobenzyl sulfonate. Also, a co%%&d whe
S a Froup or compaune Ie of g ting an acg') irradiatiom:oo~l»
with anjactinic ray_or radiati ntroduce into the main or'side chain of
& holymer, for exarfiple, compounds descriped in U.S. PBteht 3,849, 187-15]
German Patent 3,914,407, JP-A-63-26653, JP-A-55-164824,

-A-62-69263, JR 146038, JP- 452, JP-A-62- 53 and
-63-146029, ma sed. Fur ore, compoun pable of

erating an acid by e\Ceff(()ac of light desctibed, o' example;in U.S D‘
& A

Batent 126.712°may aiso be uséd®

Qukof th mpounds;capable .ot generating an agid-gpon irradia{g'@@}\i/vith
an actinic ray or radiation, preferred are the compounds represented by
the following formulae (Z1), (ZIl) and (ZIll): R201 X-R204 ZI In formula

(Z1), each of R2015 R202 and R203 ndependently repre n_organic
g g\%up. o X s a non-nu@anion, and?@dﬁQ

-exampléeg thereof mclude s te an carboxylate anion;

bism@onypamidéaﬂ%(élkylsulf@ﬁylﬂﬁféfﬁﬁﬁe afiton, SEip, PF6"

PateRt , 778 and Europeal 5

' 0

" o ; : 0o
and SbFg". The anion is pr an organic anion contalnﬁp%?cgagrbon
I-E%bm. [1-21] [11-221 353
[I-23]
» o o= =0
79 o 99 0
N
H CHICH; JOCH,CH; ) C{CHs . COOO
[T-24] 7 [I1-25] [II-26} [11-27]
ég g 8 SO
coo COO’i— OH coo—@ Ki/
_ OH
{11-25] (1-30] [11-31] [11-32)

[T1-28]



The preferred organic anion includes organic anions represented by the
following formulae: Rc1-S03 8 Rc1-002 0 Rc3S02 (r) Rc3S02 Rc4S02-1
(r) Rc5S02 In the formulae, Re, represents an organic group. The
organic group of Re, includes an organic group having a carbon number

of htﬂe391qa!&%&fﬁyﬁfa%gr%ﬁ'ﬂgé€§ %lﬁ&eé?éd&‘%lg%@i@ alkyl, 9gpguR Whighy, . present

may be substituted, an aryl group which may be substituted, and a group

m"enﬂhﬂﬁ’ePéeéeEﬂB[r?éW@f QRIS ardCEHTBELAS o S5PPR Y EBBRATGY be used

as lorg lipkingigreupauaeb asufure)®dt, a%rm@oﬁa\&ﬁg é@zwﬁ%hﬁﬁred ring lactone

structig resen 05 yd el %to,rjn oL ah.8 5 B‘ﬁon%str cgu ferac%ﬁ condensed
' epen ent represents an organl group. Pre erre an Cd I'

with amﬁ@z rﬂmanatwest@r@qh@@amé &grpr@g@réd:mganmwwmm The resin

more 5&%&[@@%&9 ﬁlm%l@r&fﬁ{ﬁglx@aog{mﬁ% kyl grouBdaaying:are reprcsented

carbon nu roflto4 4 may combine to form a rin
by anﬂ%“@r%{lﬁr‘?o ﬂ%@&ﬂg&%ﬂ}ﬂﬁg@%& Lt ekt ke B SIRVIRHE iRSD lactone
structaned rapyatydehendedudiranidya iperfisonedlkylbam groumbayinigesecéabone  structures,

preferpéwy?g %L&)gc}é})@seﬁ%arfﬁdfmmul hﬁ @gﬁl&il%qu@) O{L‘%ﬂl @2%&?‘5‘? (LC1-13)

Res Is partlcularly preferably an al fy roup with the -position
It

and (IgupstititePBy 4 Htictnesarem Bie fladAsaRg! ﬁFB@FﬁT%rtﬁ%Héﬁﬂ%ﬁawgﬁﬂess and

develspibetitutefddoyia flugrinedtom or a fluoroalkyl group. By virtue of having a
fluorine atom or a fluoroalkyl group, the acidity of the acid generated upon
irradiation with light is raised and e sensitivity2is:enhanced. Af$el'when

£ ntainzgelﬁ 0X Fopm: a sulfur atom, an ester bon amide bond or-a
carbonyl gro 1F?xamples. o??ﬁégroup formed E)S?lcémblnlng g

members out o RR 1 to R203 include,an aIkern@tggpzup (e.g., butylene,

sz pentylene). @i)écmc exam Ie of the orga up as R20 02

R203 inglude corresponding g ps in th co pounds (ZI-

d (Z1- 3) hich are descri Iat

O
o
LC1-6 e
LCl 7 Lm -8 1.C1-9 LCi-10
{Rhglay (szmz (sz)nz (sz)n-) (?bz}nz
A>ERb2)ﬂ:e 1 (F'?bz}m Q
5 > o s Gka
© LCi-14 I.Ci-13
. LCI-13 -
LCi-11 LCi-12 4 4
(Rbg)nia
\volo
LC1-18
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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 RROBnRROHGEeMBaI FeRreseRtad iy FRENUIA(Aldient ;ﬁﬁ ). Preferred
ompo entézely{wlls mo§%pr,ef%r]%bly a compound (ZI-1), (Z1-2) or ( |-33
exampies AP BETIMET (R AT SR P AR YRR AT e RBothY to 8. a
cycloalihérgatjdastone ofR201uaR203 intfolinaealkbkis @oarHagtagp, thatios number
omp, ' sulfoni lon, In.the
of 1 1 L T SRR B or 1 S b grou, o
halogesy RPOY 18 RYGPRREHEERN ArgY GROUS With ﬂ@év rafnamfhgasempaabitkgroup.
repres@figHPnore: GYElOatKyb aroupvhen nExamples 8fthe anylsHiRRiIWXLL Rb, may be the

_com d include a triarylsulfonium c ound, a diarylalkylsulfonium
s G e GG M s BB ey B AR ICTHBR ) mos
combipempbuadhasiticancalgtdicystanlkylsulfonium compound. The aryl

greup isibe %W'ﬁ%&%%ﬁﬂiﬁ@%ﬁﬁuegﬂ%ﬁﬁ%?@b%ﬁ{b AL HOUR SHGBIAS structure

phenyl group and na | group, or a heteroaryl' group such as indole
repreSrRG Y A AT e wetréﬁé&}ﬁféquubea?amqa%where at
least oresifuie;TwtRe taskmhend fhe BirylsulforBm) ¢camnpotnt hastaa ALy one of

r u t | gro e the same or different.
o e B B e e By amy ome
of forgyiapohid b preferabiloiinedr semialinn saianpreretipchavity dobawing formula
(AI): 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. ﬁb@ cycloalkyl group which is present, if desired, in the
arylsulfonium compound is preferably a cycloalkyl group having a carbon
o 311915, and exampleigﬁﬂe}eof include a cyclopropyl group, a
cyclobutyl gfoup and a cyclohexyl group. The aryl group, alkyl group
and cycloa@p.u,p%azog;to R203 each may have, as the substituent,
an alkyl group (for example, an alkyl group having a carbon number of | to
15), a cycloalkyl group (for example, a cycloalkyl group having a carbon
numiferafid \IR)R8N eprtgraum (Ruexampiena haiEUR HAVIGR alky! group
b Emnocgrgbcw O%unrgb%ré rog Plt oléfl)’ an alkoxy group (for example, an alkoxy group
tbon number of 1 to 15), a halogen atom, a hydroxyl group or

Fhaving a car

a phietsyredcyamiesTid bubditiiennisgrefethblilayligearoe bRranehed aikylinclude
a hyd@@ﬂl@rlaaﬁiﬂﬁdaaq‘?él@g&waﬁbﬁf of 1 to 12, a cycloalkyl group having a

carhon number of 3t 12, or a linear branched or cyclic alkoxy group .

P Ao O RO U0 P Hrefiibi S GHNE G Shp kg aom
and anaigdirsoriorumber of 1 to 4 or an alkoxy group having a carbon number of

1 tﬁlﬁ'i(??e%‘gﬁist%%d%xpgtéﬂb&né%&ﬂ Y, gne of three members

R201 TO R203 or r,na% be substituted to all'of these three members. In the
caS® WIRIFERY01 1P RI0¥ AT 3h 2llyligieuBottie aubisaltintnkinefeemyhaving a

monosSuistitutediat thpapiosiionisiitceabygiaupture, ad BeheompBapNan(£ie?) group, a
s described below, The compound,(Z1-2) is a compound where each of

oo 08 L P VTR At iAo Beterably o

single ribpete@r otgHRlE T otiie UF hesRIRSATAGE g dsbusédaheretbinctiewsndn a lincar or

branc RO MIRRANGSAPIGRING-ARSIAI0BIGBIvcyclid REAAAUGS i%g)- e8nd is preferably
tor%%nlc roup as RZ%l toUR203 ge%gfir lly has a carbon number of 1 to fo,

2 me S ot £1 50 SOUBA ST RB0T S REEHTs (RUBHERGBRIGPS Eroup or o

norboyréfexaptgan alkyl group, a cycloalkyl group, an allyl group or a vinyl

grewp@@@%@@@@@%@ﬂé@&%ﬂﬂg%@%@Bg%%&%%% ggggiryg gaﬁﬁgfggjf-?@).

alkoxycarbonylmet_hyﬁl group, still more™prefer anct
2-IREIRDEFIBE It having alapiope G U o 0 IR Pes mapHeaditprper, but any
opticalineaner pandhedaad inchadesiAineamnerbiancheduabe/lgautor a mixture of 2
preferably having a carbon number of 1 to 10 (e.g., methyl, ethyl, propyl,
butyl, pentyl). The alkyl group as R2Q1 to R203 is preferably a linear or
branched 2- oxoalkyl group or an alk%l(ycarbonylmethyl group. The
cycloalkyl group as R201 to R203 includes a cycloalkyl group preferably

having a carbon number of 3 to 10 (e.g., cyclopentyl, cyclohexyl,
norbomyvly The cveloalleyvl aroirin ace R201 to0o R202 ie nrefarahlhvy 2 evelie



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
e be
pluraiﬂ%or%?o@%a:}%&g%ﬁ ntoggg AL f%%tg%é% eac ma@%&ﬁ[ 1ca1 isomer, the
Optmgraﬁglﬁm@d e é&’%ﬁah Q9 BIREIS BrofPTRoEeRhnsIer arrp&rkoxy
grm&lﬁwega@@w@@ﬂm@ rep@rt@rahig@a@ﬁw QXA S B E VAR QG WD below,
or a nrtroig‘ronfl[i) 1 %ound (Z1-3) is a compound represented by
e owrng ormii a?% ’?)i Hidis a compound having a
phémaibyl Suitfomiemnisals Sticklrd HoR4Eor CFin formula formula (ZI1-3),
each of RI, to R5c independently represents a hydrogen_atom, an alkyl
oup, a cycloalkyl gfoup, an alkoxy gfoup or a halogen atom. Eac

-+cH;0f-R6, and R26dndependently répresents a hydrogefHatqrm;an aky@rgroup—
o<r=a’0cycloalkyl groug =0 Each of R%xafd Ry independéfitly represent§ =0

%alkyl group, a cygloalkyl group, an‘gllyl group or a vinyl group.

but th

more mem out of RL, to and a pair of Rxjand Ry, may )ko
bine with eac gﬂer to form a ri Cétructure respectively, and the r?r?go_\/n
structure may contain an oxygen atom, a sulfur atom, ter bond or an
amide bond. Examples of the group formed by combining &hy two or more
members out of RI, o0 R7c. or a pair gf,R" and Ry mcludefq butylene zlax
gr(pup and a peﬁn%leine group. X ir_ﬁresents a%gn ncgfophrlrc_@gtgr_r,cm}"

—%Cﬁaﬁﬁ-éxamples reofare the s méa those of the hor-n cleophilic aniont—
{

of &=in formula (Zl)r The alkyl gr up as RI, to R70 may be linear or ¢
br nched and includes, for examp linear or branche Ikyl group o
g a carbon ngmbét’of 1 to Zo%ﬂr bly a linear of brafiched alkyl //
y}sghavrng a carboh number of 1 to$2 (such as methyl'gtoup, ethyl
group, “linear or branched propyl group, linear or branched butyl group

- and linear or branchegxpentyl group). =, The cycloalkytgroup as R, to RX
R7¢’includes a cycloarlk group p,referab%havrng ac carbé)n numberif 3 tol

+C}8—(g1;)— cyclopentyiz cgc hexyl). R (on _C:;
¢ o o
O ]
o &( / N EHQ
,r/ - ! TCHLOCHS )
o O)" © 5 v e o (wof
Rx

ey c_‘}m cwg} Chg%
E e g
e O rji

&
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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
grogR dipeananranchedbutexygrayp apetlingar or branched pentoxy
group), and a cyclic alkoxy group having a carbon number of 3 to 8 (e.g.,
%Q:IopentyloxngycIohexyloxga A comppeund where gy one of R, g&

50 is a linear or.branc k | grou 5{ Ikylgoup or,aline
che ycr alkox is preferr acmou whete'the_
{o e o e%gr K S RRad and “r?“ e
m of carbon humbers ofR to R50 is from 2tg 15 is moé)e preferred. r;[;
S

to thrs ctron t bility in a*solvent is mor’eféhhanced
eration of trcles dujr?%orage is suppressed. E e alkyl
gr SR, and the saméasithe alkyl g of RI, to The alkyl G

group as R, and Ry |scbreferably a Ihear or branctiéd 2- -oxoalkyl §roup or ©
an alkoxycarbonylmethyl group. The cycloalkyl group as Rx and Ry
i:he same as cycloalkylpgroup of RI, to R?& The cycloalkyl rouﬂz’és

d Ryidsi ably{a;;eydre-z oxoalkyr@%uﬁw The linear&h;—G——
52- oxoalkylfgmup includes a grotp haegrng >C=0 at t

i | group ex cygloalkyl.group Bt B&;? to R70 T )
group in the alkoxycarkgny rﬁ&gy
' h

roup is the same as the alko
and Ry eachjisfreferably an alkyl having™,~°
.gr more, more prefe

_ ly 6 or more, still mote
preferably 8 or more. In formulae (ZII) and (ZIIl), each of R204 to
RRO7 mdependen;ly representg,an aryl group, an sikyl group ora Rx
icH )éclpalkyl ar, The&gl r up of RZO_A@Q I%Z_(?Z is prefer@glzy@ L\
Pl I grou or %phthyl or more preferabl henyl group.

The alkyl group 204 to RZSDQ) QE\dGS

7 may Qﬁgrﬁear orcpranched and in
a ligear-pr branch yl group aving arCa on number
10 ‘% methyl, eét@opyl, bmntyl) Th &alkyl g{&@é
R2044%06 R707 inclué cycloallé"}/’r'grgup preferablyiawjng a carbon

number of 3 to 10 (e.g., tyclopentyl, cyclohexyl, norbomyl). R204 to R207
eagh may have a suhstituent. Examples okthe substituent which R204 to

—éCHR Q}_each mayrggvé _|r)LcIude an alky{(grgépﬁor examp{enga;a}kyl group
% [ng a carbon numl,aej of | to 15), a cycl yl group (for e ple a
I

oalkyl group havigg a cgrbon number to@S) an arylq roup for
ryl grouprtravin hon nu 15)
le OX @rﬁavm p:pumb'@ 0 T 15),
a halogen atom, a hydroxyl groupa d a phenylthro group.

represents a non- ucleophrlrc anrorh:)%nd is the same as the
nucleophrlrc arnon of X-in form la (71). Out of the compounds

B
%C!'&aéabre of getta an acid T rradratrora)wﬂgﬁ'én ‘c}t‘nrc ray or

ra @?on preferre mpoundsfurt lude the comipounds

by th ;leqmng@rmulaeéz ), (BV) anori‘z{‘ﬁig/:<
S A 2 S02 Ar4 -302. O-N A 209
8 f AI208
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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.
R209is: prefeiaklyran; elgctron; withdramgng Byqup, more preferably a
cyano group or a quoroaIkyI group. A represents an alkylene group, an
alkenylene group or an arylene group. The compound capable of
geneéilng an acid upon ifradiation with an actini }?ay or radiation is

“{*I@F@feraﬁly acom f‘ esented by aﬁy@ﬁ -fbfmulae (ZD%

The céﬁﬁpound (B) is preferdbly a compound cap of generating a ‘f}

fluoritte atom-containing & phatlc sulfonic acid ort orine
ato taining benzeneg ligyacid upon irr with an actini
or rafdiation. The compou ) preferably has %nyisulfonlu

structure o The coripound (B) is preferablyatriphenylsulfoniu
compeund having a fluorine-unsubstituted alkyl or cycloalkyl group in
catiormoiety. Particulagly preferred examplesfaut of the compoun

_éca!_g le.of generating an aug "Lq[ion wradmﬂ%wth@n}actinic ray Qe —c——
0

at o are set forth
j *
o - HOOC
‘"’7 9 o
s] s

R}(

Ry Rx
m—!-cHz-—-uC-«-lm» %CHE*C%— *{‘CHT’“%_}_ _{'CHQ—AP—}—

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)

34



(z50)(z51) 0's-C121-1250 (z52) FFF 9 s+ -03S HISN 3F F F\ (z63)
FFF9-03slis NOF FF 6 (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@ 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@]\m

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 I sOFFFO (z65)(z66) /C2F5 0:S:00N 0100 ITici 8

C-S-C2Fse c-s-c2F, S) o,s.to8a 0,sro ii8 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

inds of hoto aC|d enerators in com 0 c ound capab _
e A BT R T D S VA CHAPR RGO

except for hydrogen atom by 2 or more are preferably combined. The
nerator is preferably from 0.1 to 20 mass%,
0 10 mass%, still more preferably from 1 to 7

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.

| |
OH 08 0,CF, o —_— o

O:Ef} o

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
alkoxyprepionate, cyclic lactone having a carbon number of 4 to 10,
ﬁécompound having a carbon number of 4 to 10 which may
RSO conn%\m a fing,- ,jpne carbonate, alkyl alkoxyacetate and alkyl pyruvate.
fefrediwexamples of th §ne glycol monoalkyl ether carboxylate
Rg@l \ude \p(opyl lycol monomethyl ether acetate, propylene glycol
oethy; Q%r acetate, propylene glycol monopropyt ether acetate,
propylene glycol monobutyl ether acetate, propylene glycol monomethyl
ether propionate, propylene glycol monoethyl ether propionate, ethylene

glybolipisrdmthy| eablecadétate aid étiiplernsglylsotanoneoethyl bildepgen atom, a

fluori@CEtaH or an amf?f%{xr&% exaries ohihg alkvlene gbyeol i ?nglﬂ%ﬂ?ﬁﬁe atom or
include propylene %yco monomethyl ether, propylene glyc%qgjonoethy

an alky HEPYBrOEAGh STy CBF MBHBRFBFI PRSI Brofy IEHIE GRS HOREB G-
ethigx, ethytenetglycohydompmethiyhether and ethyléneggbigol (perfeethiyl an acid-
r ampl ky] | e yl l¢ gtat
decorIEL aft%@ﬁrféﬁ?g% R R e AT i or an
aik@x&’ﬁ%’f PRyIL ASYpropionate include ethyl 3-etboxypropionate, methyl

3- me&wgky;p@@w%metm FnethexyprepionateandHyh atom (e.g., fluorine), a
-methox onate ferred exam f the ¢ lactone

lj
cyano %rmﬁ% g car oneh &m%g}eo A(}/o PP S eﬁ%%%loﬁ‘gc%ci group naving a carbon
numbgr-Bity tolactoske 2y helyrbizetanendiriféthytmdtoryekamone,

p-msthyleybyburalactones kﬁ}(ﬁggrgll@gt%%n}l@%@{g{plactone y-octanoic
Iacfﬁge and a-hydroxy-y- buty % %’6 Preferred examples of the
kLSRR SHBBRE FREAt é XAbShERBENoR 15190 Gimam R e protective
groupcamtaatkziriprpinclude @loatayomeo@methylbitanone, pinatbidaebony! group, an
alkox?cﬁ%%m_ 2@_1% %f Qﬁngﬁfg%azéb ke eBI‘@G}? n%n alkoxymethyl group or a i-

4-meth anone, 2- meth - ent none. 4.4-

alkoxxﬁffméhﬁﬁuz ﬁéﬁl't‘af#o‘ﬁ’é‘cé i t‘i’\?f@sb@rﬁf&none
22 Ppé-tedpeamiethyiki3- B@ﬂ&@%%{&i&@%@&@&&@@ hexanenga (F1) is preferably a
repeat?ngﬁn?y%p%eggxtag%neth &%@Wgﬁ T hﬁ%&?@"“e 4-heptanone, 2-

ano eptan 2.6-di

methyl eptanone, 2-octanone, 3 - octanone, 2-nonanone,
é@g{; ne, 5-nonanone, 2-decanone, 3-decanone, 4-decanone, 5-
n-2<one, 3-penten-2-one. cycﬁl@e@t?none 2-methyl cyc |

ne, 3 methylcyclopentanone. 2.2-dimethylcyclopentanone.

2 4- trlmethylcyclopentanone cyclohexanone, 3-methylcyclohexanone,
4- methmc[pﬁex aﬁ clohexanone 2.2-
dlmethylcyc exanone, 26 Hylcyclohexanone

imethy, c e ne, c a e Icyc ohe tano
%neﬁ%ﬁéhepéﬁ%%gsts Xq{g(?g?%rrﬂeg exémrﬁ fo%?l}he gi]k Qﬁyl group
havmmteeﬁme nelse pfobytefie chrpise ovitviclae @ﬁﬁb@ﬂaﬁ@tfé‘@ﬁytewélch the alky}
groupGReNalE anckhutyieee eathonatesRistamadaxamplasaf the alkyl

alk xyacetate mclud methoxy; | acetate yet | acetate,
o RSBtk iy REL e RS oS Lt SO Bppeterebly
singlerhetidoxy-2- propyl acetate. Preferred examples of the alkyl pyruvate

nollemelikavie SbdRIImend DR aYERle. | The

solvent WhICh can be preferably used is a Solvent having a boiling point of
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cycﬂo? < Se Iact é.%ﬁ %/{)enlee qolgttpl noethyl ether acetate,

propy om t er ace hyl 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 kihtls 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 glycol, ethylene

glypp}dmg@mhwrgﬁae@fqtlwlgne glycol monoethyl ether, propylene

aly. n lycol monomet Iether Iene col monoeth
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hydroeeyhgraup-inclide REopYens 8yeRIhmenome Ilax}% SNREACRIAS, & ula (F 1)
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tricye d'&%é?@g{@ rine g@g)c%l ﬁé rese ?Grr te In the resin (D), the

uorin on aton may € main chain of the resin
or sy Wﬁ&%@tﬂ@u@aq@r@ﬁé §ﬁ§édcﬁarﬁ decompesafdsinqDy) isoprafsrablyhg present
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m-con |n| cloalk rou r a f uorine atom-containin
Stmcmra llfosrrne aq a%%rnggO %a(r |a{}gstr{?ét?} jlmg resfﬁ%nﬁﬁo %%a@/ 1%' %? standard
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such asdeSBRIERIGieaRlY, ffam.1ia 4isi@linear or branched alkyl group W'th at
Ieaﬁ%t one hydrogen atom being substituted by a fluorine atom and.m

fur ot SERUHB A ST B TSTHR o O ACORRA HIREES fo- epeating
structayat loaiteyd @rosymisian ionhe yohoon gpelyeyalibecyistbalkyl group with at least
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subtiyQiireiied thereto.

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

38



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
may bBYEH wgrliggd_df_) with at least one hydrogen atom being substituted by a

fluoriné atom. It is preferred that R57 to R61 and R65 to R67 all are a _
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and Serﬁ;)tri@g?nted by formula (H) include p-fluorophenyl group,

pentafluorgphenyl group and 3,5-di(trifluoromethyl)phenyt group. .
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any Ogeegﬁ%gg%(}[gmﬁég&hg}?i ’;%E%Jp’ 2,2,3,3-tetrafluorocyclobutyl group and

per uorocyc?o mong these, hexafluoroisopropyt group,

heplafluorcistpropyingtoups Herafaors 2metipiisopropyl groupyla (1I-AB) (main
chain 8%} luoroisobutyl group, nonafluoro-tert-butyl group and

perfluoroisopentyt.group.are preferred, and hexafluoroisopropyl group and
heﬁ%l%iﬁigggim‘%wgf%%ore preferred. Specific examples of

thegroup repeesemmdﬂydaﬁmdé@pmcltﬂme@ﬁ%:ﬁgo@mﬂ@qmwgHL maleic
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e resin (D) Is preferably aresin having analkylsilyl structure (ﬁreferably

a iR Giin) s eyardrrdnacstrdeererasekisilissi. the content of the
repeal@i@MirCORANMING Padidl&itueipseable gropecHfigrefamplesahthe alkylsilydi%s, more

et EREHIE 00 1l RGNS R R IOMPS SREDEOes on
repeatRESBUChSil RigER171Pie j n L5

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). ach of L3.to L5 represents a .
copol b g b BT ki o & Bcaiipe o he
desiregrowspsbpertombisation of areeor mbeecgnieipstberiedies freferahty diBupols or less,

more SRORISHNG 06 aRAKVILIS Yok ARNSIVIGEBUP sBRING! FTRMR; Based on the total

ioether group, a carbonyl group, an ester group, an amjde group, a .
molar RfRRRe Grobip ST BFeS GRINS! PRbrEseRts dh IS otatsr bon-containing
partial heuesin (Ehfe@iudg% _}af,rreﬁ'm G@ﬁta;fnifa@'fﬂﬂw@nn&) n(?p‘ﬁ)b@;ﬁ@&l@t&@eating unit
repre f%;% Clijtlt%(ge%ré%@ %%ESA\’;??Q of repeating units represented by the following

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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In formulae (C-I) to (C-V), each of R1 to R3 independently represents a

hydrogen atom, a fluorine atom, a linear or branched alkyl group having a
E/ anlmb a%f ﬁxo 4, or a linear or pranched fluorinated alkyl group
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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

41



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.

18 mo dﬁr@ﬁ:ﬁ@i b@@oﬁ%@@ﬁs‘ﬁ%’t@@aﬁ‘l@n%wem 58’[5%95%?@&%5 flsed in the resist
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represented by formula (C-V) has at Iéast one fluorine atom In at’least one

methy RERIREEUt of RIGNRSLTRE Padef rrgditionallynar &g Ry, dfefsplishs ndsfter the

complatiepeatingiinit representadhyiieimulbfCel imotespiefaraily arepeatitipolymer
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from Rp(f@mpRYreprEsepits aydioleilatss’a fluorine atom, a linear or
branehed alkyl @repn-hamng aeankandambey @5{54@,4%1@&@&@1‘?@{0% 30 to 120°C,

branched fluorinated alkyl group having a carbon number of 1 to 4.
more gﬁaggﬁ%%(/\;?% %aé(’ri@eﬁents an organic group having one or more atoms

of dileastigithepra flugribe gtofmrord sifiche atone. 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.

incre fﬁ%ﬂﬂ!ﬁe ﬂ%}%ﬁ@%&ﬁ%g'@"ﬁ{ %I) %etl%b n‘%l%dieesa‘zxgrhgjﬁﬁ%eggyéhcyclic
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Specific examples thereof include the groups represented by formulae
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synthégiﬂ{lé%e?’fesigﬂz CH ? 0 OH2-CH) 6 F3CCF3

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 / ( OH2-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):

Roos
; . P9
Rogg™ 38" %~ Raos—1 ~Raps Roos— % S—Ra07
' a O G
Rags
Z1 Z1% ZI11

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
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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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? R=CHS3, C2H5, 03H7, 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) a resin containing (b) a

repeating unit haying a trialkylsilyl group or a cyclic siloxane structure,
hnear'HPB‘?a%%f&fﬁp&‘Jﬁ )ﬁﬁ%cﬁﬁtﬁpﬂ}%% UG ey oF ‘S %gd pentyl

resin containing (a) a repeating unit haying a u roalkyl group (preferab
grOUPhaving a carbon number of 1 to 4) and (c) a repeating unit having a

bra:m@egoalkmgrgumﬁpaefﬁﬁ@@h/mnmtg@@ab@ﬁmmpegﬁﬁfﬂa tor@@}aBly having a
carbo$ cIo Ikly §< up, 6refe{ga Ig g%/ Cfahrboril)number of 4 to 20), a

%ranc ed’a enyl r%tlpy(:prgfe b’lysﬁavmg a‘carbon number of 4 to 20), a

cycT@ﬁl%&W}gﬁé@@(pﬁeﬁerablﬁmm%g bedarbon ramtyer] ofrdcis 20 Rod arcludes, for
exarnf¥e/| & @H@)Xgpé%@%ﬁ B RBVANG A SARGRIHBIDEE LT 4, g@}am?'?hnaar ot branched

referabl a copoly merization re in of the repeat t%umt (a) and the

a1kox ESOHE T VI {5270 A PoditPcORERTHAD T3 TR By TR AR linear
or braadhiadkytsitpkyreumorlmeyche bitoxard Streoty rgmpd o) dinepeatinttitd pentoxy

gmupb;aéﬁ %3 DLARChEDy ?r”@fb%offﬁ’vﬁﬂéefaeégﬁ%d“ﬁ}ﬂ%

r
a cycloalkyl group (preferably having a car goe?i ﬁ%r%ggrgiglg %%égmyl OXY

Cyc%o!%ﬂ%a alkenyl group (preferably having a carbon number of 4 to 20), a
cy@oa&ﬁﬁpwgﬁowne(@r@ﬁeya@iy having & carben aumber of 4taADI0kIAN oroup, a

jqrou ref rably havi carbo ber of4t02 ore, pref rabl
evelo R L P A SR TRty 4kt in b eiing i compound
wherg(ghe sum @bcs;b@¢és$mbmamg taRacrepeatingtariif hawwgeaamfomaﬂkyr?hanks to

this c@f@&ﬁ&%ﬁfQ@b%ﬂ%\mﬁ CArRADUMOELAL Li0:A8NGAR) AFBRERHNGS particles

durd unit having a trialk fillyl group or a cyclic siloxane structure, more
uring, SGERbI %l%r&%% erization resin of the repeating unit (a) and the

repBatinly yiritdb), ang and KDi6}ie rasie eotitaining @paprepBatingRiit The alkyl
grouphaying a fiygraalkyl.oroup.(preferably having aicarhpoinumber.afl tod) ) o an

b) a repeatin Unit having a trialkylsilyl group or a cyclic siloxane
alkox%@?ﬁhﬂﬂ?@“}ﬁﬁg’@r%%peatmg unit having a branched alkyl group

(préﬂmapudaawmgrmqamdmx mmmn«;@]fifb tﬁﬁﬁ)aﬁtlé&@?@lﬁ&éﬂ@iﬂﬁmllfp of Ryc to R
ving a_carbon nui 4 to a branched alkenyl group
Thee p¥§ g@b 9 gv%n%"é%?ﬁ N Hur rarbg{‘ 2% t%cgl 6y "é’}é% e kERY! group
(pra‘#@rézwhéxyml%mm f:h@éfffékzal o) mchiteryl giouphaving >C=0 at the
2—pos{@dsﬁfsf@bém@vi@g@w@fpadﬂ@bgf&fpﬂom%0§@ @spre preferably a ) and
Ization resin,of the re uni the repeating unit
i R P S R
of Ryl sgroup, a cycloalkyl group, a branched alkenyl group, a cycloalkenyl
OrokD L3R, aayérgggl&eﬁmf%@;&ﬁ @o&pwe{fea%ﬂmm&%meor more,

functlonaégroup can be introduced conS|der|ngt €

more REFEHHNIGRIRRIO SHOLRST, RHEEEISS And'tHE like, but in view of
followapitityzaf {Zifh essib(Aidhid-acleteHing ©ORtaChRfgendefdRCtigiadents an aryl

groupd 0) ferred. In the resins (D-3), (D-4)
oup; ggl%g,g%%gg é}é%té%%l%%% ég‘g ting unit (a) having a fluoroalkyl group

and/of e EEpeRth Remit(B)braines Eetrkixpl shvingtatipur @ eyulichéileainep, more
preferaBHCAUrRS PEéREADIY from 20 to 99 mot%. The resin (D) is

formu?abﬁ{g? é?ﬁsy;lrl:j_'%% ?ﬁg; tn ?%/%nltl{gggregre %Eggc%y éhe?ngoyr?glvuggs a lincar or
branched alkyl group preferably hcwmg 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

48



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 atgm. of Rf is preferably an alk oup haying a
Reor GA e 50 5 AIGHD ety SRS oMt GBEQID oIy carbon
numbatkyf graupl of, R| iy greférdblycatinéar exdmahched allodligyd gpchavingiag a carbon
b )
numbEREONPYEOEL Of 3 g??i:% g%?r&%%aﬂyaﬁp%%ﬁﬁ%gm E%QHBWr of 6 to

a carbon number of IS preférably a linearor branc
15), agafigrous tHvibey STHFER AUABCHEr 2 eBrLbanie srafusrasyrabmedr oo 15), a
halogbranched aRikybgrduphavng ertarlon aumhgy. of 3 to 10. Specific

exaﬁarf)I&;, of r’g{}’earggrgaﬂg% grli}tﬁgg%?ge%e isb formula I?']El are set f%rth hilic ani

below,%u%st?‘le presen IVEntion is NOE limitad Therato, X=F of CFg c§3piue amon
of X Thiorespéaatilg- unit represented by formula (la) can be formed by

polymesizing &semhaund papreseied ByitbefollowingformmaiinREith 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,

49



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 (1) have the same meanings as Rf, 121 and R2 in formula

(1a) The compound repre%g ited by formula (I) is a novel

Apjes by fosmstae(l), a comm
prodmct or a compound synth&siz&d may be used. In the Of
symrhiesizing the compound, this gap be attained by convertmg a (&)
2tr|fluoromethyl methacrylic a ,-‘ into an acid chloride and theg es‘ierlfyln
theyaeid ahjoside: The @}i ' contaitfihg a repeatingiuniy) S CsF1350
=Bresented by formula (la) preferdbly further contains a repeatlng unit
re%@?ented by the following formg (11l): CH2 CH-- | In forndefa (111),
R. represents an alkyl group, a cycloalkyl group, an alkenyl group
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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

SI|OX&61€ structu havglg aca yinber of Fto @[ The di\@len
@ékln group o vdtg}fﬁrab lene grdyy J _
carbon iumb 05 grou 1 Spe 4
e

<H
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betaw, but the present invention is paslimited theggtg. CH2-01CH226y 4. 0
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1.n( The resin (D) is preferably a resin containing a repeating unit
represented by the following formula (lI) and a repeating unit represented
by the following formula (l11): Rf C -C CH2 C | ift OL6 In formulae (11)
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 aﬂ,gepyl group, a cycloalkenyl groupc%r
a grougfermed by combinin Sr’@Qfe members thereof. QE% S0
' 0

repre<gnian alkyl gro @ | gr an alk
@:}/@% 1%roup, a triakkylsi grqup%aggfoup ha\@’@{r oxaie S Cafo

stﬁucww,cﬁr a group formed ﬁ‘l%ﬂ@ing two or more membe e%éfO
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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<100. 0<n<100. In for (I), Rf has the same meaning as Rf in

fo (la). FrHe RIkyl gr of R3 is preferably a linear or branched
al & Hew¥ig alcar "@gn roF to 20. The cycloalkyl group is
preferably a cycl alﬁ:yl g%u aving a carbon number of 3to 20. The
alkenyl group is preferably an alkenyl group having a carbon number of 3
to 20. The cyclogik@nyl group is preferably a cycloalkenyl group having a
carbon number of 3 to 20. L6 is preferably a single bond, a methylene

grodpean difydene groid QeranRiergiobp.used ap@)diateoneta@blids thereof

may ro”‘a‘lsse t?n79 ar}%r%r)glg]nso ﬂ(u) ?ﬁ’é rg%%e%tilviej!’){hm%rveopggf%%p ly fggcrig 4}3(% 0 oto-acid
6 and from 40 to 60, respectively. Spemﬁc examples oef the resin (D) _

genereBtaifiny @ repsatn GURRYepiesERtdichy farenaraL{ng ane iepeatingemiic acids

differi@praseniad:Ry drmuladibbr-are-sst farthhelovebhictheRressntinyenlion e ferably

is ndot limited thereto. cF3 cH21 00 CH2-CH+
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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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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Si/\ F3 -(-CH2-Cp oe'ro 9P3 +CH2-CH+2-c-}CH2-91 CH2CH2

Raz

(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 (VIII), 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). Fyrthermore, the glass transition Ls Rag
temperature (Tg) is preferably from 50 to 200C, more preferabiy irgm@,O
to 160C. When the resin 8seliff at 25C, this meansthat he%négln@pqlnt
i8 25C0r hore. The glass 'raijsmon temperature (Tg) cancbe R,
measq;q%d by a scanning ca%orlm iffierential Scanniti2Cali r&et@)
For example, the glass tfan mgrr ém &tdture can be mehsurée byg)’nce Ros
heating and then cooling tﬁ@samp?eaagalqﬁralsmg the t@hp@raﬁ@re at
5C/min, and analyzing the value when the specific voftame is chamged.
The resin (D) is preferably stable to an acid and insoluble in an alkali

devglgpet.) In view of fqliowvapllity of immersion liquid, thgrgsig)(D)

preferably contains none of (x) an alkali-soluble group, (y) a group

e of decompasin actio kaJ| alkali develo
RS b o ARt cloop, BTy B Apapte @ fnear o
brancidatetpogingibyptnéattiphofiag a@ﬁkb@mw@m tfelsolulillityrim aycloalkyl group
(prefePBISIARGNe a calfiNBARSIR £P) ihegotal amount of repeating units having

an alkali-sgluble group or a group whose solubility in a developer

incré58ey thy e adfiBrF SahratRel BIRAITE HreTelsmiy B R sty ledbe divalent
linkinmgzr@;prsferaﬁh/g‘ronp Orte ddhhipla4pstitif mwa)prﬁﬁee@twﬁf@mi@cﬂacﬁfmmgﬁ]e group

consm*?%%egf R g r&%sgmt HeAyP g%hﬂggg %tﬁesllz%rgD}é a thiog 1310 uplike g carbonyl

surfactant ge eraII the resin s'not have groug)ﬁlc

Zroup i ST LR @@c&ﬁwuewrﬁéh@tﬂﬂf@&wa@méméyﬁ@r@ap If the resin
(Dhceptaies@ ng{ggsgltqnqkas group, the followability of immersion water

to decr refore, it is m re referr d not to contain a
oL SR LS OSSR ince QIS AR SL RS 2 from the
growgmurzﬁtmrﬂfenmfen&mmmwwﬁe@dmé@ tolihe warbomater GffihHe (C-V):

main chain through a linking group is preferably not contained because
the droph|I|C|ty mcreases and the followability of immersion liquid

tes. On t hand an ether group boied directly to, th@ac %31
ngx%om 0 haln asﬁln (I){cad S?ﬁjmes e{;«p@s&»@—-}
|vity sa h hoblc group and ig preferred. ples o é
Ra -toluble gro 5( tnclude groups having a ph&)llc hydroxyl gr
carbpgylic acid group, a fluorinated wohol group, a sulfonic acid @"o Flas

sulfonamide group, a sulfonylimide gré”up, an

(@eyl$ufonyl) (A sichrbonyl)méthylenelgrolp, an c — 1 V) (C-
(alkylsulfonyl)(alkylcarbonyl)imide group, a bis(alkylcarbonyl)methylene
group, a bis(alkylcarbonyt)imide group, a bis(alkylsulfonyl)methylene

blsEQII@%‘Eﬂ‘llﬁﬁ)f&nlﬂd@g%u‘ﬁ)a%@ﬁ&l%ér@oﬁ?l}ﬁ?@ﬁ%@?@@?&ﬁﬁ{ﬁ%@ms a hydrogen

atomn, tiis{adkytsulfony riietaylenergroiupl 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

a ﬂuo%%ms"%*&}é&ﬁ%?&iﬁg‘ 210,361 19, Inc/epse the solubility in

developer include the same groups ds those of the acid-decomposable
grobp TRPIRESAE R BEEERApR ST PB&iNaY NbRkepehethalkapaatingy Ratiing a carbon
numbegpresented by the following foiiula (pA-c) is not or scarcely decomposed

by the action of an acid as co r ith the acid-decomposable grot

of 0 I AH A L LRI ABH A BSCOMRESRI fo 4 2
lincaroppagpgd Brorinagpalipher)up havimforreaieo(piuelyRp? réprésents a

hydragarhon, aieun havingsarertia srrpen/lam kendes 1R Re O8N and is the
‘ at |(r§h]$e formula. In the case where the resin (D) contairis a silicon
SAme 3?21{‘2,1[ @’ﬁ’l%‘ﬁ atom content is preferably from 2 to 50 mass%, more
preferaptystroma2nto3@ ynhsstopdasectormitiyharioleaular weightnf dhenic group for

jfesl licg - | eating unit preferably
B o T8 A R masoe

in thaesfioynd R indracadsatiynerscaratiesit toyccomaliucsnt orme

atomuctheflRorine! atoni.camtaniisprefprabhdam Hida 80/mass W:JMalRyl group, a
ﬂuorigerl%fgr | fr%{p 1(12 to@%r%ggﬁ% 8%%@9 Pnréhe molecular weight of the

resin (D). &Fso,p the uorne a?onicon ai"ﬁi%g P@peating unit preferably

ocdupiesfrorertat e 100t rrIss s mbley prafendb (- ffdnh80a(0 00 nadb¥brine atom

in at E1ENEHERIBABY: out of TG Stanaardpelystyrene-reduced weight average
is preferably from 1,000 to 100,000, more

molecular of resin (

orel b R IBOG T BoT600: SHITHGRE BRUIGIRSEH SR 2odoavla (C-D). more
prefeidb|P@Ocyetisti marepraterallpfram 31R0F thel000ing forhhéegsidiagko (C-1d):

monomer amount in the resin (D) is preferably from 0 to 10 mass%, more

preferablg from 0 to 5 mass%gstill more preferably from 0 to 1 mass%.

Alsa,, in view,of the resolutipn, tesjst profile,_% ide wall, rou or
tﬁé%ﬁé oﬁ% resist pggg]iﬁ%thé%olecularw i Fdi% ribution (M %\%I%T?H}‘
also cglw%\%spersity) IS pre from 1 to 5, mor&preferably from 1td°8,
still more preterably from Ito 1.5. ] The amount @géjed of the resin ( s

in the resist\@amposition is

bly from 0.1 to 20 mass%, more
preferably from 0.1 to 10 mass% §till more preferably from 0.1 to 5

mass%, even still more preferably fom 0.2 to 3.0 mass%, yet even still
morépreferably from 0.3 ¢ 2:0imass%, based(an-the entire solid cantertt 4 )
of the resist composition. In the resin (D), similarly to the
acid-decomposable resin (A), impurities such as metal are of course little

contaiffEadng £s-eltoHé dehésatbrreSduarthdnorrrssibligomdrogen atom, a
fluoriceaipanentsdarnsetetabheo MmO I & SREEIiE¥alBuisX MRl 40k a finear

% by .HPLC. By satisfying.these conditions, not only the resist can be
brantied 1 - ng. e ; Iﬁ .
oF m#ﬁp?ove‘ﬁrl‘ln 1%%%%%&9, re%%ﬂﬁlgﬁ%gr%%&%n Stafit ,t gttern profile and

theliikd It Viisty dfesiprersatframosgainaposrshivsianoes in ligelid goms of at least
eitherGNANGENWKNLR0HQ MITReSRASItiVity and the like can be obtained.

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
nonafl@oebexiflitiatoni) aasolventianthheatingythepsoligion, therghyreliestingitheroup, a
olymerization, and a droppin rization method of adding dropwise
perﬂugrg% Eﬁcﬁwmcugn?g%%Begg&rﬁ%%%%ngé&ﬁ%gﬁdgﬁﬁ%mator to a heated solvent
ovéYhero W0 Houvs. Ardreppirgiipolyaazatomenetisde o prsfisprdlds organic group
preferEpamales ofire resstignsalveniincludateabydreiuiab,d-dioxang examples
thers such as diisopropyl ether, ketones such as methyl ethyl ketone and
thereof ot B onehe i

VOB AR EHE C TS EY SOTEHES (o dd Bhitacstate, an amide
solvent 8uchasdimethylifonmanmice and dimethylacetanfide;dndh® are set forth
below! X figRalIRRC SQVEAL GPRRBIC. philissoling fhe composition of the
present invention, such as propylene glycol monomethyl ether acetate,
propylene glycol monomethyl ether and cyclohexanone. The
polymerization is nfore preferably perfarmed using the same s Iventas,
{-CWheCsvﬁventﬁqﬁdzhﬁm;resis cehtpBsition of the inver@ﬁﬁ;ﬁﬂje
> this solve 8neration of 6Ies during e can be .
suppressed. Thé polymerization reaction is preferably perfor%ed{i%
an inertgras atmegpheresuch as nitrong\e:tb@ﬂd argon. Asfor the R
polymerization initiator, the polymerization is started usingra commerciall&spm
available radical initiator (e.g., azo-based initiator, peroxide). The radical
ini%'ator is preferablyan azo-based injtiator, and an azg@-based initiator
/ aying an ester group. & cyang groug ona carboxyl gr g%is preférred. L Y
T0£r§1@%ed exa %%—é%su@f the initiat%t;r%n iude azob s?s% zé?tyr nitrile, é?@ ¢ /
ob@dimethylvaleronigrile and dimémiu 2,2t-azobisf2- methylpropionéte ‘

Asghéfingp@nsfer agent may also be us if desired Fldhe-regetion ’CF\CF
: t 2
|
5%

concgntration is usu om 5 to 50 mas$%, preferably from 20 to 5G2%
mﬁs |i more preferably from 3Q:1e , and the reaction  F2C~CF2
te ture is usually from 10 to 150C, preferably from 30 to 120C, moré™2

preferably from 60 to 100C. After the completiﬁon of reaction, the

eagy roduct is-allowed,tq cool to 1 temperature and purified. The
'{‘C}{ ?%g on ma){Lbe pérfé?r% by a nfr?z}&!?ne bd; for example, a
liquid-liquid extraction nféthod of combifing water wdtshing with an
apprapriate solvent to remove residual mo 3 or oligomer
compdnEats; a pufifiition fEthod in a sate,.such as ultrafiltration
of extracting and removing only polymers havi

O+t
ga ﬁolecular weight
lower than a specific molecular weight; a reprécipitation 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
pufification ethod’n Qsolid tate, stich as wa;hing the resin sluréy |
CHyyi ”;}moor WentGfter sep Uni{ﬁhrationg-ré‘ﬁrg le, thettesin-
ipitated as a, sefi through\ co With a solve Ifﬂq\which ther ﬁqg}s

Sparipgly, soluble or in$oluble (poor soloent) and which i§in a volur(ﬁe [ N,

amouhgg/af 10 times or less, preferably from 10 to 5 times;i-the reaction \Sﬁ
solution. = The solvergiused at the opetatign of precipitation or - "‘{
reprecipitation from the golymer solution (pp%’eipitation 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 methylcyclohexane; and an aromatic hydrocarbon

such as benzene, toluene and xylene), a halogenated hydrocarbon (a
halogenated aliphatic hydrocarbon such as methylene chloride,

chloroform and carbon tetrachloride; and a halogenated aromatic

hydrocarbon such as chlorobenzene gnd dichlorobenzene), a nitro

compound (e.g., nitromethane, nitroethane), a nitrile (e.g., acetonitrile,
benzonitrile), an ether (a chain ether such as diethyl ether, diisopropyl

ether and dimethoxyethane: and a cyclic ether such as tetrahydrofuran
and diovane)l a ketone (e . acetnne methvl ethvl ketaone diiceohi vl



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

fro ato hea Preferred examples of the hasic_

{A ws((?’lf mcr%?( mpounds. hav?n = $tructure%g&és Htéd by gn%n H‘L

of thesfotfowing formu (A) to (E): ormulae (A) to-E)each of Rze@

R201 Bnd p202 J"’“ x which majy-be the same oo

different represents a'hydrogen atom, a% alkyl group (preferably havmg%;w

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 R201and n K202 may combine with each other to form a ring. As

for the alkyl group, the alkyl group having a substituent is preferably an

am]hoalkyl group hav}hg carbon numBer of 1 to 20, a hydroxyalkyl group*

—Lc carb fhh:lm@ flto !dﬁﬁ:eyénoalkyI% ozaﬁmﬁnf:—-L
nqmtger of 1 to 20. 204R" R205 and R ach of R203 W@!@h may be thg;s\
Same%r different ré}pres%nts an alkyl grou% having a carboh number of e

to 2 e alkyl group irr'these formulae (Aﬁind (E.") is mote preferably O

URS bstltyLed Pr%{erreé;l | examples of the|compound m@lude

gu’gﬁldlﬁe\amlnopyrroh@ine pyrazole, pyrazo |ﬂ|e—p|peraz1

aminomorpholine, aminoalkylmorpholine and piperidine. MJ)re preferred  —gj—
examples of the compound include a compoundﬁévmg an imidazole 3
structure, a diazabicyclo structure, an onium hydroxide structure, an

onium_ carboxylate structure, a trlalkylallfnlr\e structure, an aniline structure

f—CH @Wldlﬂ&%@»&z\um{iﬂ alky 2] @wgtlve having a hydroxyl group
and/or’an ether bond; and an aniline y\vétlve having a hydroxyl group

E/tman ether bond.™0
~_./ s

S 8\“
P }\ ; O)w/\si/ E\ /R
o\S;,o s Si~0=Si
/ \\ Semg ./%_éi/ '
/

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-

(prefeea@z;ahwg@@c%mﬂﬂeﬁﬂae@m Examplesef hersampalnshbaigiaion resin of
h onium ?%ﬁﬁfﬁj}ru cture mcludes{?rylsulfonlum hydroxide,
¢ re%%aéﬁgc‘s%% GRS SGitfonium hydroxide having a 2-oxoalkyl
gralip-43 peeificattyomipheng|Sulfo nipea thyd roxidevirg (betalk visilyl group or a cyclic

sﬁoxa‘&’:@%‘éﬂl&?&%')&{ﬂ”&‘)“&'%ﬁé( %é'ﬁﬁ;?%@ﬁ%%“&%ﬁ@& higdp rg%([ﬁ‘ e%lgﬁl'y having a

henacylthiophenium hydroxide and 2-oxopropylthiopheriium hydroxide:

cafboeszambfré%% tRe Computing hehagrard BifaFAT rosy - sthittaranhensde to 20).
a brar&:ﬁ@din@l@dﬂjﬂl where (bemmynmlﬁhgoﬁ thataampaube havingsapooniuaycioalkeny!

rou re G ru‘%trllJ r%lga nr\{en%e zlzr} fa 4 rl%q %zatag Sucl[h 23 acrﬁ;(at erably having a
& p amantane-1-carbox ylate an per uoroalky carbox A B p?es ogﬂﬁ £
carbonm@aﬁafﬁaiﬂr?@h mmwmﬁm@mm@mymua@tmﬁ%mwﬁhﬂr:epgﬂ@ng unit (b)
and tﬂglggpgggmm;@@cﬁxamples of the aniline compound mclude

8” opropylaniline, N,N- dlmethylanlllne N.Ndibutyl

Hitlexy TR CBRANRIdE Gt {ﬁﬁeﬁﬁé%m%a‘&‘éﬁ% @?ﬁb?&oup (preferably
havmgyxjca)@dngmupbandib? an erhedbbnd Implmtalgthamd‘lamurgea trialkylsilyl group or a
eyclid éﬁ&?a%%'@[Hi@%:fé“%&G?é"ﬁl%f@fﬁﬁl%dééﬁws{&‘?ﬂ%i}%X&“l}#)z%@‘ fﬁa&n unit (a)

Examples of the aniline derivative havihg a hydroxyl group and/or
and thsgrpeHEngdE N (RiA8thydroxyethyl)aniline. One of these basic

conipaynds igtinedalon@iuagemore kindstheseofiacedasied Broup (preferably

combl ation. t of the aS|c C oun i uall )
i e LS Sl h (00 Th S ool B o ey
siloxagg|ireeten ot mbaréw@ﬂ@@mwéuhmnﬂ a br&hehmiu@ilﬁétween theckeidly having a
carboﬂ%ﬂﬁ(ﬁé?b@ﬂdotb@)bﬁ%%wlgﬁ’&l S@J%Mmycmmsg@ma@fﬁﬁ%&wm {0 203,

erator/basic co mol) - from 2.5 to That i
o bragist ATOI0 BREVEILBIS BUERDE (HOND o PO <SRN B eXdhaigrvloateny!
gFOUpa(mme[ﬁm‘ebabWBQanwdﬁwfmmbhe@f%dpaﬂ)tmf muppregsing tvecferably having a

carbofSHANOP IS ¢S A R AUS AGDIGKeNING, Of Hhe fe SIRHPAUEI T MHD r%g@ﬂmg unit (a),

after exposure until heat treatment. The acid generator/basic compound
the repsating Iyt i raé‘f)rt@f’eﬁtﬂ?ﬁ’@m%té% 200, still more preferably from 7.0
to MfcéFllﬁurégeﬁang unit Td)ehesist @Ohﬂmtid)mlkfyihg@ﬁpsarﬁylmﬂltbﬂngmup,
brancﬁéﬁfgﬂé’e@l 1 r & Eﬁ&w@? r{fﬂéﬂrﬁ‘:&?‘% refelra Y AW.OP8.3), (D-4) and
uorine- aln ng a d/or sili talnlng s ?a
(D-6)flucthe-eBPHAMIAG subrastinaia smcomamnhg suﬁm&mﬁ@r aconsidering  the

hydro@ﬂ[fﬁﬁf%y@%ﬂﬁﬂﬂﬁ&‘ﬁOﬁht@rﬂél@&ﬂeaﬁtpf’fh@nl(i‘k@ SHEONALOM), OB WR W wability of
mda thereof Wh en the reS| com tlon oftp fresent
With ool

mo
H”"Ummdrsi{/C'eﬁnt| ontaiRe hidss SRS ar Ui é‘ﬁ SBRsAR group is

prefemedolution and adherence as well as less development defects can be

obtgingd ingsingan | é@%%ﬁd'@ﬁté)o%éec%?c%ﬁ’ Sy %@ﬁéatﬂ?ét{ﬁﬂﬁ% having a

220 nm or less. xamples of the fluorine-containing and/or

fluoraglodrExmanding L FaReainm BriGEP MaNine Adrgbodsbelgroup or a cyclic siloxane
structdie-A-p2{36663 [ ABL-2261HdB,L IP-A-61-226745. JP-A-62-170950,

3p-6 £58% Ok ABEE Mol Sl GBI 0 ey o e

follovsmpéngmuias 396, 330, 5,436,098, 5.576,143. 5,294,511 and 5,824,451
The following commercially available surfactants each may also be used
as itis. 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, FI77, F120 and R0O8 (produced by
Dainippon Ink & Chemicals, Inc.); Surflon 5-382, SC101, 102, 103, 104,
105 and 106 (produced by Asahi Glass> Co., Ltd.): Troysol 5-366
(produced by Troy Chemical); GF- 30(9”and GF-150 (produced by
Toagosei Chemical Industry Co., Ltd.): Surflon S-393 (produced by Seimi

Chemical Co., Ltd.); Eftop EF121, EF122A, EF122B, RF122C, EF125M,
FE12ENM EFERE1 262 FEQN1 EFEQN? and EERO1T (nradiiced hvy IEMCO



(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,
polyoxyethylerﬁrgetyl ether, polyoxyethylene oleyl ether), polyoxyethylene
al yIaIIerther‘s e.g., polyoxyethylene octylphenol ether, polyoxyethylene
r), polyoxyethyle i onoxyproperne block copolymers,
[

cid-gsters (e.g., sor nolaurate, sorbitan
monopalmitatg, sorbitan monostearate, s rbitan monooleate, sorbitan
trioleate, so@tan tnstearate) and polyoxyethylene sorbitan fatty acid
esters (e. thylene sorbitan monolaurate, polyoxyethylene
sorbitan aIm t, polyoxyethylene sorbitan monostearate,
polyoxyethy 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
preferfBR#e A D L itsePorpratis 9o [lHfsraREFET IV GH 0. BYOMD (1HESDh least one

hydro@aﬁg%ﬁnwagemﬂmamwy ofthe-sasisbeomposition (excluding the
sol\é z(EGQ inurrh a}ron/Iate The resist composition of the present
invention man coh a(ﬁ(és ah onium carboxylate. Examples of the onium
caerxsmtéeﬁrtsl@dﬁé@“@ﬁ@ﬂl@imarlmb@iﬂeyégr@dpnlum carboxylate and

amm%ﬂﬁ{il&%ﬁ’)‘”ﬁﬂ@ﬁﬁqlpé?@{lm AR 0P FAPONBIREShdShe substituted by
referably donl g!t or a E:)nlum alt, Further ore th
a uoéé%@%t #ﬂ'ﬁ‘ 8rﬁ8rﬁ bé%’fi’a ‘(é‘%fércﬁg %?égn]t to 3, more
prefenﬁisvl@frmtrrﬂpteﬁemabiyicgmt@ns no aromatic group and no carbon-carbon
douﬁ{g 5’1% fj 1%% 8‘?59 gfyrh%grrgfﬁﬁgiyq? &%%@ﬁeﬁrmg"% hayin lga carbon

monocycllc or polycycl |c alkylearboxylate anion having a c umbe

numbgf ¢ftd o) Qnm@fpfé?é%amﬂambméheéf%ﬂfélo%qwbﬁmgua %Th%@tgnaﬂr of 3 10 10.
grORQ lﬁ@f@e@ﬁi}aﬁﬂlﬁé@mﬂﬁb&ﬁWd@@m hstitiedy Hexallibahaimbayof 1 to 10,

momp 53 H}/%%r Oraqram];reraarlﬁs (ta%f such a constructyon theqtranjs_[})?relrbcy

ess’is ens %Hje senﬁtlvﬁy and res utlon are
enr%me‘ép shenihisefdvsecbRes pindiei peBtreE iRk ghy diaTimprdVedare set forth

be}oqu’é%mﬁke @eﬁh@rﬁ'&%ﬁfzmﬁ)ﬁ!{%if@fﬁ#@%med carboxylic acid include

anl roacetic acid, diffuoroacetic acid, trifluoroacetic acid,
u%rr ropionic acid, heptafluorobutyric acid, nonafluoropentanoie
Cld perfl uorododecanoic acid,
perfluorotddecanoicacid,perf oroc§ clohexanecarboxylicaci and2x2-
blstflﬂuérrrﬁ‘rﬂethylproplonlc agighz ese onium carboxylat g an be
synthesgédcpy reacting a sullonigr;-tgdonium or ammonium h xde
and a Wd with silw/aquproprlate SWWQ\/\
content of the ©nium 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%, base on the entire solid cantent df the compes |t|om ( )
f@fh“é’fca ditives & regigt composition 6fth ﬁresent in

furtb€rgpntain, for exampte;a dye, a plasticiz photosensmz d)lght
abso@/e@\a\lga@luble resin, a.dissolution kq\hébt«!%;and ac d
for accelerating dissolution in a|developer (for example, a phenol
compound having a molecular weight of 1,000 or less, or a carboxyl
group- cpntalnlng alicyclic or ahpheﬁt compound), if deswed The

g(l;@xy;L ?\mpound having am%i welght of 1,000 %h_cfn be
e sﬂy% hesized by one skllleg e art with referenc methods

descfibed; for xample, in JP-A-4-122938, JP-A-2- 28531 SoPatent
4,916.2 uropean Patgnt 219292, Specific exampléﬁm-:?ér
carbo roup-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 derlvatlve63an 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 (Al)): Under

a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a

thr?ﬁ@_%éﬁ?g and %ﬂ@%@%%'fgﬁﬁ%o(ﬁf@éﬂ“gg P&Hﬂ@?géb)fmi merizing a

dissolving 9.43 of 2-(1- adamantyl)propan-2-y1 methacrylate, 4.5 g ofy
compelBdERRGRERIEIP R HEHAIYISHERNAE: 6.1 g of

p-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile

tling to 6 mot% based on the entire monomer amount, in 75.3 g

-(u@ for 2 hours. Th Eh Iting reaction solution was allowed to
cool apd then poured in 720 mli SXptane/SO ml of ethyl acetate, and the

g of [Resm-(Afduas obtained. The weight average molecular weight of the
obtaingd resin was 7.000 and the dispersity (Mw/Mn) was 1.80. Resin
(Al): \Wreight average molecular eight: 7,000 Dispersity: 1.80 Molar
compositional ratio: 40/20/40 Synthesis Example 2 (Synthesis of Resin

(A2)): nder @ nitrogen stre 8.4 g of methyl ispbutyl ketone was
e L L R T S o P G B A B A st ome
hydrogbnainee tRrdissbiing e bigeoize(ine attwmantyl)propan-2-y1
mefhaspylatend s 919 3.rsdifiydroxy-1 -adamantyl methacrylate, 6.1 g of
13-methacryloyloxymbutyrolactone a zobisisobutyronitrile
coré%ﬁ%‘ﬁé?ﬁ’ést%gi}'&%%n@é@@o%mﬁ : Tﬁlr%uﬁlonomer amount, in 75.3 g
of RiethyhisoRutyl ketonie (ipsaaedded cropwisanover 6 ROURS. Aftdk the formula (Ia).
complelignRtdionpise.addiion.hefersion wasfuihebaigwed o
proceed at 80C for'2 hours. The resulting reaction solution was allowed to

codaffl the AYBRRERdi EeaBGHISST e fraRRIA £0- mIcoransyt adataralahly product or
a comiteipOwiderResipiateBavasicollecied by diliraiamandigsiat asatesdltthis can be

. 1{%9 of Resin (A2) was obtained. The weight average molecular, weight _
sing} Bl SRR o & B0 SHcPERE CTopeToty (NI S 153 and (hen
esterifRisg ibgranid vidsigldeaverage molecular eight: 5,800 Dispersity: 1.53 Molar

COMROSEIRNAIRQGARIAY repeating unit represented by formula (la) 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- roxy-1l-adamant thacrylate, 6.1 g of
n?glfh %fgn &%%fﬁafﬁi%ﬁ"@ fﬁana%&f&fecw%ﬁ o number of 3 to 20.
cor”fésp@wm@(mﬂ@moﬁﬂ@s@ﬂ@iﬁ@mmmmnmgﬂeﬁ;ﬁm ancbhSn number
of 3 1§-Rf methyl isobutyl ketone was added dropwise over 8 hours. After the

comg% etion of dropwise addition, the reaction was further allowed to
probee i aletel tbEr D if §1oRE b Al Fe ko S SR TIBHNES carbMRaEber of 3
to 20.cool and then poured in 720 ml of heptane/80 ml of ethyl acetate, and the

vr%g reC| |t9ted Waslcoll?cted bg/ flltratlon an(j ?} as a result, 15.5 T
s oDl T ARSNGB TSl U e fORF B 2 cvelic
Siiﬁxa@btﬁm@wreﬁwwagi’&’@b@nanm dispérsity. (Mw/Mn) was 1.26. Resin
(AQpYRIghhangrage QHlar eightr2-800 Rishelsi: %\'g%\‘ﬂﬁl@ferably having a

composmonal ratio: AT 20/40 SyntheS|s Example 4 {Synthesis of Resin
carbopyiber of |y ioie) 4 il 658 §SHBam, 8.4 g of methy! isobutyl ketone was

ch@g@ﬂﬂntemﬁﬁee-médkeﬂmma(m heated at 8peatibhereloyapssiitien by formula
(Ia) ar%balﬁl@gﬂhbé/e%% M{q He pr QJ ] t%j‘r? {D?ﬁﬁy&% ?Yg- methacrylate,

4.5 g of 3,5-dihydroxy-1-a mant methacry ate
13- ethacryloyloxymputyrolactone gnd azob|S|sobug/ron|tr|Ie

C,@Qgr sponding tq-6pel% based gy entire tp@marg amount, in 75.3 g
.6 Cgﬁngthyl |sobu§ L?/ was gddg opwise*over e}f ours. After the

comp%@/q(tdropw seladdition, the réaction was ‘Furta%r aﬁlowed to
procegd at 80C for 2 houtrs. The resulting reaction seftti s allowed to
cool and then poured in 680 ml of heptane/120 ml thyl acetate, and
th%powder precipitated was colleépgd by filtration and dried, @B, result,

of Regin{A4) was obtained: erage wé«giaic‘
‘(—Cﬁzilﬁ}gobtalﬁgd gﬁ was 7 Oooﬁithebgzpe@;t}; (MW/~I§/IQ‘I5B t&l 1.55. ‘F_ﬁ

ReS| (A4): WERJht average moleftllaf(/elght 000 Dispersity:A4.55.Molaf
compasitional ratio: 40/20/40

CFs

fonfl fongy tond] fou %x ford] towgn)

“L(vﬁ— S SIS S-6 S S

GF

.ﬁ;Hz_gE {CHZ—CH—} {—CH.,—C-} fen, CH-}* —(—CHz"C—} {oHy CH}-
% @ @ T3
{—CHZ—CH% fCHz CFQ —fCHz-cw) »(»CHZ—C—} '(‘CHZ—CH) -('CH2-07-

T O T O %
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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. SCglhydroxy l-adarnantyl metggcrylate 6.1 g of

c thacr Lmey}y-buté@@@t e an obutyr # lq; §CH ©
f %éie pondmg toC?imol% ba%eéL nt heeggtlramonomerogﬁ j _}ln 75. ‘ H%-

thy is bu Retone was adjed dropW|§e"over 6 hours. Aﬁe%@%(\

completio efdropW|se additioh, the reaction was further allowed

proceed at 80C for 2 hours. esulting reaction solution was allowed to

cool and then poured in 720 ml of heptane/80 ml of ethyl acetate, and the

powder precipitated was coIIecteﬁd by filtration and drled as a result, 18.5

d; esin (A5) was obtai T Welgh er Iag7 eight fcw?c
tc edre ﬁﬁ’ﬁﬁ@ ,000 and"“th dispersit Mﬁ\f% 1 ‘\g Resfﬁ H}
Wejght avetage moleculﬁr ht: 6, OO D spersﬂy 1 5 oI r i
n

nal ratio: 40/20/40 Resi (AI) n
haying a solid content concentration of 5. 8 ma % obtaine y dissolvi
mponents shown below in a mixed solvent of polyethylene glycol

monomethyl qtger acetate/polyet ylene glygpl monomethyl ether (60: 4OQF
'%CHwﬁé}tlteréd c}ugh a polyfes filtée ga pore'é 1 u}mﬁe’:—}
O

@%@?re Regi omposmon Resm¢Al): 1.83 g, ~—si—
~sitriphgylsul honaflatist 69.65/Mg, diphenyanitine: 8.7 mg, and YH/
6320 (quor ne-‘containing Sogfttant produceld by OMNOVA): 1.7 mg:

esist Compositions (A2) to ( 53: Resist Compositions (A2) to (A5)
were prepared in the same manner except for using Resins (A2) to (A.5)
in plage of Res:m (Al). Comparatlve Example 1: An organlc
Cﬁﬁﬁﬁ*e%‘ Sy-it

ARCZQ an Che _}
Ltcﬁib‘“was cBa d on a 8-inch s?l?go# Wafe@%t@,d baked QQb OO o
seconds to form @ 78 nm antireflection fi ReS|st Comppsition (A
) prepared abovewas coated the on and baked at 120C for ﬁU’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). Thereatfter, the
e@st film was heated at 120C f Q60 seconds, developedcwlth an

—ché b)eous témam&}rylammmﬁmny)drox(dm tu}l ss%@dapgmm}v

developer§fer 30 secondss itive to_;?evelopme’#ﬁb and rinsgt

wit terlto obtain a pattegﬂuffing a pitch of 60 and a i
width{of 450 rim Furthermore, the resist film was developed with b
acetate’(negative tone developer) for 30 seconds (negative tone
de\ﬁiopmen?%nd rlns%ra\g/ th 1- hexanot rmsmg solut| n for negati vet

devalopmand for 30 Secanis ‘ahd the GARer e wateh Was Frated at Aot oY he

fOUOert&ﬁT@ﬂTh&%@élﬂ@ﬂamwﬁgf@iﬁ@(ﬁ@é@ﬁ@ﬁtﬁﬁde@aﬁﬂi@wmmmlaﬂﬂ)
line-and-space resist pattern. Examples 1 to 4: In the same manner
asin Cﬁﬁ arative Example 1, 150-nm (1:1) resist patterns were obtained

%wg_ si tCong&ﬂmneé@?) to (AD), respectively.
2
I/ n

l !
R R4

(11) (1 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 (S9260,
manufactured by Hitachi Ltd.). With respect to the range of 2 um edge in
eroup {1 0BG TG tam af s 150 e Ralism, g digiance from the
reference’line wheré the edge should be present was measured at 50
poiRtstaPEsRET Yerlknirgiy he Saraaie b evmstomnsaliemt: SioyRyascycloalkenyl
groupCaleuiatethin smallervaligindicales beter pesionmancRulBesesUls  €ormed by
Wwin Tablel. T bé?slthgreeSiPt Composition Resin Molecular Weight
ers?tf/)rLIE?ﬁgmm omparaﬁv‘e Example 1 Al
In the alky! group, cycloalkyl group, alkenyl group, cycloalkenyl group and

sho
Comb][ﬁlliél

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.

CFs

&% . CHy—C CH,-CH CH —gFa CH,-CH
%CH;j\—i WLCHZEE;} 1 ;)\z ¢ ZC::Hj_ t ;)\-z t 2€::ij

A Ay T - T

CF, s CFa

C e {cHC +-CH —CH—} +CHC ‘{*CHQ-’"C
CHy~C CH,—CH 2 2 2 H—}
¥ g;fg t i oo g o —si

| ,k( i' _1, |
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~{-CH2~c—} {~CH2 CH-}

{c&»%rc;w} {CH;EE};

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

J(cwrc—} £CH,- CH-} {eH, j:} fehy CH—)' +ex j\—} £y cr+)-

‘“Si- ““Sl_' ‘Si""’
% E I C !

CHz-C—} -{'CHZ CHT

O 0

v

CFa
]
{—CHZ—CH-} fCngc‘:% “’LCH?WCH%’ {CHy- C'} %Cﬂffﬁ‘} WLCH«?:E:)’
~di. > Sq N 0 Sty o0
\ ~ f o e
~g/ L sl s;\& O _Si, il
2 / O~
O -G
O-—.SEJO g /S!\

CF
-\LC%%z-CH-} -{-CHfC;.»}f

i T Rl O i

fcurc% {CHQ CH—}
o o +

{—{:HZ——CJF -(-CHZ CH—}-

O (o]

+

0 0

)Y

o

~§F3 CHyCHT - szg}:s CH:G
tog) fovgf tordd deg)

The resin (D) may contain a repeating unit represented by the following formula

(VHD):

o

Q

In formula (VII), Z; represents -O- or -N(Ry;)-.

R4 represents a hydrogen atom,

an alkyl group or -0OSG;-Ra.

R4y 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

glass %%%ieﬁpéﬁﬁﬂe@é%ﬁ}’@%l@si§%&%&£€@%@@9 pekesbal 120C SRrBlbiy from 80 to

...Seconds to form a 150-mn resist film. The obtained wafer was subjected
160°Gy, pattern exposure using an ArF excimer laser scanner (NA: 0.75).
Thévéafiehstheiresistfithantashehiethakd206: ibe 60:-Reaoposit devetopedmore.
with.an eous tetramethylammonrium hydroxide solution (2.38 mass%), .
(ol AekieRR ol Tl fse@%%"gagédgsnf@s SRR & SARE Whorimetor
(Differpedd witnplire Walesits8btaid arpatteriipatisotepittesison wmpgiaee can be
measute8 Widibnet 4RGHP. Mdrthermaisiitbe rsisiiin Wwasdeyalopedmithithture at
50 acetat %mlgatlve tone dev%{ggﬁa for 3 seggnds (negative tone
By BRSTRAN A i B WA NSRS CrirdiNg sBI GHBPERSE negative tone
devdioperent)ios 86 seebiydsabinddhereaftendhesniatér wosraliett dietcdoper.
r_Ot@ﬁ' QRBHAIISH Mb%@ r&‘%ﬁ%&@éﬁ%‘%’&@& gonign @)%I%Qé@éﬁgy:laontains none
line-and-space resist pattern. Examples 6 to 18: In the same manner .
of () 20 A EARBIR'S STBRNRY (. STy YEisP pRlftethe Srererebiensa tBy kg of an alkali
(alkalRésistdgempositiond@deanthedinpining thealiegativeptanerdeyvslopes@ndapable of

the rins'&%gt olution f nezg%g e tone de\(géos%%%ﬂt as shown 1n Table 2.
n ni

deco O8I GO OL a1l HICIEasC ity 1 a aeveloper.
Vafugtl O? E)lmensmna orml%y: 4 P

[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 (S9260, manufactured
by Hitachi Ltd.). The standard deviation of 50 portions was determined,

increa00i3A (NG Wag crickigied. ifcsnulleryaluadndieales Bet@hse of the acid-
erformance. The results are showr;ln Table 2. Table 2 Negative Tone

decomnphosaRln BFEL e S BT IBIPRRATARVES oY Development Dimensional
UnHiorwsity(nitre) Eexamiple dnbutypssetatd bsheéxafal Saling 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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Example 5 ethyl acetate 1-hexanol 8.4 Example 6 isoamyl acetate
1-hexanol 3.1 Example 7 methyl isobutyl ketone 1-hexanol 3.5 Example 8
2-hexanone 1-hexanol 7.7 Example 9

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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reactios€coNds to form a 78-rim antireflection film. and Resist Composition (A2)
prepared ahove was coated thereon and baked at 120C for 60 seconds to

(E) Basg§ s oRRB8%m resist film. The obtained wafer was subjected to pattern
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seconds to obtain a pattern having a pitch of 400 urn and a line width of
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Tallerhelow; Bvalyation of kit RAYe:RorRGARGsSKLER)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

butylfiigyepeRdienvhere theirdagshouldhg preseniivramimgassadat 50 hydroxide,
U T T
compainolvhanifableodiand Sriabled Exerhple Rekidt Compogitionl Résire the anion
moietm%?é‘ L%iﬁ%!&kﬂ@tiﬁiﬁﬁg iy kER ﬂ?@bﬁ%éﬁt@cmre 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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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
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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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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.
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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/B3 6.2 (0.90) (0.08) (90/10) The
abbreviations used in Examples indicate those set forth as specific
examples above or the followings.

Table 2

Rinsing Solution for . .

Neeati _ : Dimensional
egative 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.
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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 &
Ltd.). Chémhicedsetneo) (uosing afd silieontgeniniagd nWndiRaNSHOXRREof the 200-nm
line p%s%%?r?—%%ﬁ%ﬁ%ﬁ%ﬁg @(gjrﬂc&% tx’%ﬁ?rgg]ceE tﬁgeCth rgrlg atkug%&éédé%ould 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 A4 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 l:propylene glycol monomethyl ether B2:ethyl lactate

B3:y-butyrolactone

As apparent from these Examples, thanks to the
Tame%omblnatlon of reS|st composmon negatlve tone developer and rlnsmg
' b

ortto-rof-Reg thire-tone-deve preft t-ofthe-present in‘v'entlcr', the-line
No. POgBHOMENNESS iR 50 fuithermare theldimensiserdl Jnmwtyr{ﬁw/m
high INDUSTRIAL APPLICABILITY By t)he pattertbiormlhg method
and the resist compasition of the present invention, a pattern wjth rediuced
ine Qg:?,erough essOIi high qi tonal uniformity is obtained. In
particular, a highly prastical negativg tone development technique and a
do elopme techt ique UE : same|are provided. These
A6 techiniques enables fineypatterpi ame’ﬂ@rﬁ)ﬁ/@%urce dthat in 1.4
“orﬁhﬁl@ technolog ep nethod of the preésent
nventign is/suitably i the lucing a semicopductor
such asC, in the prdddction ofja CII’CUI'[ board for liquid crystal, thermal
read-and-thetike;and-in-the-tithography process-of-other
photerapplicatian While the i tion has been described in detail
and wlith reference té specific embodiments thgreof, it will be apparent to
pn&skiligd in th that various c&ng@ and modifications can be made
A7 Iherein without | pe ipseefy | Faigy 1.5
application isba ication (Japaneseg Patert
AppliGatior No. ‘ 2007 and Japanese Patent
Appllcatn (Jap anngg Patent A . 2007-198054) filed on July
30, 2007 , and their contents are¢ incorporated heerein by way of reference.
[Claim 1] A pattern %\r’m’ng meﬁhodi)f)prising: :
o0 o0 o7 0
A8 56/10/40 4800 1.5
O
CN
HO
21X
o o o7 o j
A9 oo 40/20/40 5300 1.6
O OH
O HGC
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Pet@eding with

RY

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, oka weight average molecular weight of lgess than or equal to
6,000, and capable of increasing a polarity by tion of an acid;
exposing theesist film; and developing the resistm after the

e negatigertgresdeveldpacsi@laim 2] The patternfprming
method;acsgrding laim 1, wherein the resirsi{s a re aving an
alicyclctructure and a dispersity tqual 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 arésin having an alicyclic hydrocarbon strietyre, a dispersity
of less thanal to 1.7 and a weight average mr weight of less
th 0 6

%n ﬁr equal ,000, and being capable of increasinga polarity by an
gt or of .an agd

ad. [ClaimFRRChatternoMiing methodaccardinG 1655
one of ¢ s 1tqg wherein the negativev a
developerfiaving-axdpor pressure of 5.0 kPa orless at 26C~fClaim 5]

The pattern forming method according to any one of claims 1 to 4, which
comprises: performing washing using a rinsing solution containing an

organic soI after the developing. [Claim 6] The pattérn forming method
according te m 5, wherein the rinsing solution containing an

pArganic solver is a ringing-salytion haying-aapor pressure of 0L Fpg@“
QC-FClaitheg] 4 gtoPany?

e%attern formingmethod-aecordin
@ hich comprises: develop eres after the
with a positive tone developer whichi i alkali developer at

t either one of before and after the developing with the negative tone
developer.

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
B3: amethersbasecsolvent. [Claim 9] The pattern forming method according

to qny.one of clai herei rgani lvent contaiped.in th s
jih%l?‘lga Sspg?f L?%léﬁll??sgﬁh%%go' %%Bglse%g%o ve n%) [%%a?r%nl%ﬁ%%np%%%rsﬁg EO%}posmon’
negatifgriongy MRethagased oy sHytsnefof aaamsrooe devgiopraimtiy the present

inventiB8INMRATR BaFHabHEEe CaMIRNgranraiayaicRY ke Ot ional uniformity is
Hich represented by the following formula (pi) or (pll) as a monocyclic or

18h. polycyclic alicyclic hydrocarbon structure: in fornmla (pi) or (pH),
R11 represents a methyl group, an ethyl group, an n-propyl group, an

NDUSPRIARY LG eURs ARR-PEY! group, an isobutyl group or a sec-butyl group;
Z represents an atomic group necessary for foxming a cycloalkyl group

togPéYﬁéF Wp{ﬁé@g}g&%@%d éﬁé the fesist composition of the present mvention, 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]
[ClainThe pattern forming method according to any one of claims 1 to 10,

whgrg@%g%ﬁﬂl%q\%@j}g&% ?SEIHQ unit represented by the following

form _ erein R represents a hydrogen atom, a halogen

atdPATBIE ArisaishiibrmRL Real BIRY| HFEtiE KaVHRg s CarBaHurRBEIBIiRAnegative
tone devdopel %Eﬁiiﬁirﬁflléﬂﬁblrﬁ?the ih&?@ﬁﬂe@éﬂmgﬁhgﬁﬁdiﬁﬁﬁhfWhﬁfén actidic ray or

._..represents .a,sin ond, or a sole group _or. a combination of two gr more .

i % e HORP e G0 Coraiing of an alkylend G an Singr> 24 @
dispergipup, lasthibether gioepioalcarbonyhgrelipd s astengrumaranaghidef less than or
equal ©roWR02S1HIRANIAQBICWR i & HAANE BIBHE, O3 HIRR SRR PRI RP,

represents zagrougt%flany %ne of the following formula (p1) or (pH): RI, RI

2 EHRTBRC(THY Y i an
developing the resist film after the exposing with the negative tone developer.
[Claim 2] - '

The pattern forming method according to claim 1,

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 (p1l), RI, represents a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group or
_asec-butyl group; Z represents an atomic group necessary for forming a
[Claim 8],cloalkyl group together with the carbon atom; and each of Ri2 to

Rilite iﬁﬁm@ﬁﬁmgr@efm@&&mg% anpranchediaiiod pigup having a
c%ébon n%jnber of.1 to 4 or a cycloalk %roup, provided that af least one of
1

I
ST S SR OARSH POl TERAI 4 A FrieBekier forfhiigist one
kind of prethgdracsolding tolemydofiernfiblainsuptoctis sihgrefiatiettesisiased solvent, an
ester-babQMBARIORRONAINS A,DASIG sRmpound. [Claim 13] The pattern forming
[Claim ethod according to any one of claims 1 to 12, wherein the resin has no
romatic group. [Claim 14] The pattern forming method according to any
Offe: phttaimb o d Benthereindhigqpasingat ihecresist ik ¢ performed
if; imer laser. ABSTRACT . . A pattern farming
b A T, st Ol g leohol-based
solvent. go|ybility in a negative tone developer decreases upon irradiation with an

[Claim Hagtinic ray or radiation and which contains a resin having an alicyclic
of 1.7 or less and being capable of

ydrocarbon structure and a dispersit
%Fe%%‘?ﬁ?t%’e‘%}%ﬁt\? @93@5%@8’# 6¥Wa%, UrFRIFSSule Step, and a
devepnibat steip Usingza pegalivetererdevelopiing resisiltomipositioocarbon
represen{@cﬁ %?E‘iﬁb thaimgihod,andia %EI‘Y%P %?ﬁ?%g_% NASING l(lfl ti&rn&)fggy%?ghjg ta ?cyclic

hvds Fethod,gre.provi ed, whereby a pattern with reduced line edg
yerocarp i HHEEY End high dimensional uniformity can be formed.

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): |
R

w (pA)

R A—T—O—Rp; o
o)



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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ABSTRACT

A pattern forming method comprising a step of applying a resist composition whose
solubility in a negative tone developer decreases upon irradiation with an actinic ray of
radiation and which contains 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,
an exposure step, and a development step using a negative tone developer; a resist
composition for use in the method; and a developer and a rinsing solution for use in the
method, are provided, whereby a pattern with reduced line edge roughness and high

dimensional uniformity can be formed.
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