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 sugk3#sRE Tiihe production of a circuit board
for liquid crystal, thermal head and the like, and in the lithography process

of other photo-ap acgllcatlons a resist composition for use in the pattern
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development used in the pattern forming method. More specifically, the

present invention relates to a pattern forming method suitable for
TECHNMosLrEN#tR an ArF exposure apparatus using a light source that emits
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ROUND ART Since the advent of a resist for KrF excimer laser
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methd@iniaturization 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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forming method by positive tone chemical amplification is an image forming method of
decomposing an acid generator in the exposed area upon exposure to produce an acid,
converting an alkali-insoluble group into an alkali-soluble group by using the generated acid
as a reaction catalyst in the baking after exposure (PEB: Post Exposure Bake), and removing
the exposed area by alkali development.

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

(Resolution) = k;e(3/NA)

(Depth of focus) = +koeA/NA?

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



projection lens, and k1 and k2 are coefficients related to the process. A
so-called immersion method of filling a high refractive-index liquid
(hereinafter sometimes referred to as an "immersion liquid") between the
projection lens and the sample has been conventionally advocated as a
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focus in the immersion can be expressed by the following formulae:
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exposure mask design into two or more designs and synthesize an image by independently
exposing these masks. In this double exposure system where the exposure mask design is
divided, the image of the design must be again synthesized on an exposure target (wafer) and
therefore, the division of the mask design must be devised so that the pattern on the reticle can
be faithfully reproduced on the exposure target,

Studies of applying the effect of these double exposure systems to the transfer of a
fine image pattern of a semiconductor device are introduced, for example, in Patent
Document 1 {(JP-A-2006-156422 (the term "JP-A" as used herein means an "unexamined
published Japanese patent application")).

Also, the recent progress of double exposure technology is reported, for example, in
Non-Patent Document 1 (SPIE Proc 5754, 1508 (2005)), Non-Patent Document 2 (SPIE Proc



Also, the recent progress of double exposure technology is reported, for

example, in Non-Patent Document 1 (SPIT; Proc 5754, 1508 (2005)),

Non-Patent Document 2 (SPIE Proc 2 5377, 1315 (2004)), and

Non-Patent Document 3 (SPIE Proc 61531K-1 (2006)). However, in these
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develwglgpgsme fer mainly composed of a photosensitive polyhydroxy ether resin
obtained by the reaction of a polyhydroxy ether resin with a diglycidyl (meth)acrylate, where
the developer is an aromatic compound having a carbon number of 6 to 12 or a mixed solvent
containing 50 mass% or more of an aromatic compound having a carbon number of 6 to 12.

However, these combinations of the resist composition and the developer mentioned
above merely provide a system of forming a pattern by combining a specific resist
composition with a high-polarity alkali developer or a developer containing a low-polarity
organic solvent.

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

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



above merely provide a system of forming a pattern by combining a

specific resist composition with a high-polarity alkali developer or a

developer containing a low-polarity organic solvent. That is, as shown in
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Patent Document 1: JP-A-2006-156422
Patent Document 2: JP-A-2001-109154
Patent Document 3: JP-A-2003-76019
Patent Document 4: JP-A-2001-215731
Patent Document 5: IP-A-2006-227174
Patent Document 6: IP-A-6-194847
Patent Document 7: JP-A-2000-199953

Non-Patent Document 1: SPIE Proc 5754, 1508 (2005)
Non-Patent Document 2: SPIE Proc 5377, 1315 (2004)



Patent Document 2: JP-A-2001-109154 Patent Document 3:
JP-A-2003-76019 Patent Document 4: JP-A-2001-215731 Patent
Document 5: JP-A-2006-227174 Patent Document 6: JP-A-6-194847
Patent Document 7: JP-A-2000-199953 Non-Patent Document 1: SPIE
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(1) A pattern forming method, comprising:

(i) a step of applying a resist composition whose solubility in a positive tone
developer increases and solubility in a negative tone developer decreases upon irradiation
with an actinic ray or radiation and which contains a resin having 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;

(11) an exposure step; and

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

(2) A pattern forming method, comprising:

(i) a step of applying a resist composition whose solubility in a positive tone
developer imcreases and 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 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;

(ii) an exposure step; and

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



(iv) a development step using a negative tone developer. (2) A pattern
forming method, comprising: (i) a step of applying a resist composition
whose solubility in a positive tone developer increases and solubility in a
negative tone developer decreases upon irradiation with an actinic ray or
radidtiorh aatienhliohroogtaiadedresiniprasiing an alicyclic hydrocarbon
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or moPOsitiNe done developer. (8) A resist composition for negative tone
development, comprising: (al) a resin having an alicyclic hydrocarbon

striélure BhBRE A FETBIE 0P g AR 4es A IRT DG EAPSINE ST RdRadiishy further

comppsetarity of the resin by an action of an acid;

(iit) a development step using a positive tone developer.

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

(al) a resmn 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 alicyclic 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;



(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 @id; Bt photeaoidgemetator; and (C) a solvent. (10) A resist
coq@oasggq@efgy negative tone development, comprising: (a3) a resin
having an alicyclic hydrocarbon structure, a dispersity of 1.7 or less and a
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r.com n.organ
Weigh? a?;g%gte 1%0 %\clgllg \gei%gt c&r és,gb% %r Igsg%ng: being capable of increasing a polarity of
the resin by an action of an acid;

(B) a photo-acid generator; and

(C) a solvent.

(14) A developer for negative tone development, which is used in the resist
composition described in any one of (8) to (13} above, the developer comprising an organic
solvent and having a vapor pressure of 5 kPa or less at 20°C.

(15) A rinsing solution for negative tone development, which is used in the pattern
forming method described in 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 20°C.

ADVANTAGE OF THE INVENTION

According to the present invention, a method of stably forming a high-precision fine
pattern 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.

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

negative tone development and exposure dose.



solvent and having a vapor pressure of 5 kPa or less at 20C. (15) A

rinsing solution for negative tone development, which is used in the

pattern forming method described in any one of (8) to (13) above, the

rinsing solution comprising an organic solvent and having a vapor
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development and exposure dose. Fig. 4 is a graph showing the

relaforfship SERMAER BigSoRAY HEE I HOSIRIRIAMPNERATE Mg development,
negativesiivedontogaveioper aipasiegabye tone developer is used. Fig. 5 is a

schiemate viewshouina e LSIaonsip ameng: ROSIN e NS vical ipvage

deveﬁjpment, negative tone developmen Yahd exposure dose. lglg.%1 8%

schigmaiit a/feheBhowirig Wb oaintohshi ivarignposiieneneve tone development,

thresigYeIRMENhndegRiiMRLE development and exposure dose in the
meghod.of the present.invention. Fig. 7 is a schematic view. showing thy ,
oo i A S U ENO BB Bt GRS REDURon of an optical
imagadevelopment and exposure dose. Fig. 8 is a view showing the spatial

intgngity|qistibytion, of, a0 oRtcH! igﬂ@g@ngi%g IR B AAGAUGMEY negative tone
showing_ the relationship among positive tone development, threshol
developiRn e 5aigniaEHEiRR Figh BigniSehematic view showing the

spatial intensity distribution of an optical image. Fig. 11 is a schematic

prsABOR T R e devsomner,
ouUlhy best RogaNTIENryIng out the present invention is described below.

Incidentally, in the present invention, when a group (atomic group) is denoted
without specifying whether substituted or unsubstituted, the group includes both a group
having no substituent and a group having a substituent. For example, an "alkyl group"
includes not only an alkyl group having no substituent (unsubstituted alkyl group) but also an
alkyl group having a substituent (substituted alkyl group).

First, the terms used in the context of the present invention are described. The
pattern forming system includes a positive tone system and a negative tone system and in
either system, a change in the solubility of a resist film in a developer due to a chemical
reaction triggered by light irradiation is utilized. A systemn 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 1s called a negative tone system. The developer
used here includes two types of developers, that is, a positive tone developer and a negative
tone developer. The positive tone developer 1s a developer that selectively dissolves and

removes the exposed area not lower than a predetermined threshold value shown in Fig, 1,



The best mode for carrying out the present invention is described below.
Incidentally, in the present invention, when a group (atomic group) is
denoted without specifying whether substituted or unsubstituted, the
group includes both a group having no substituent and a group having a
and tlsubstittent (éior dxerhple, and alkytigeuphanshidasiolot dshpbrsalind removes an

exposSHOLRAUNG; BRSURSHIHEN L NsURitied alkyLorouR) Rt a'ﬁo&@eﬁa'%em step

group having a substituent (substltuted alkyl group). First, the terms used
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predeterminéd threshold value shown in Flfgg% d the negative tone

develmepép‘éf hichacqaians FatarBaIdBGURASF I oRAIATEN Pretht 984dommot an acid and

forms@(mﬁed@@eca st bighenthaothievabove-desdiped (fieesholy valudkadi developer)

1]]Cfeadg5}/elo SO u ?}P Sln%e %?Vseltlye to%%v%?VEkj E‘ I?ﬂra%ied a ng'Slat.ll'\l‘l% t& velo er)
evelopment (sometimes referred 10 as a positive tone develop P

decre@%p%ﬁ@@é@@lbmﬁem sedipiashigoa Hative tone developer is caIIed a

neq&ﬁ@vgr@e? CiﬁV@ﬂﬁi@m%ﬂbw&%&t‘e&gnﬁit’téﬁfﬁfﬁﬁé %ﬁ%@sﬁl%gﬁg@@eg%‘i}ﬁmn a new
velgpment. s sentin enlonp Viges,.as a tecnnigue 1or

Pt RS LT AHACHAS A TN rACURB g BOMMB AT o elope)
for sekmvdmms@iegawadtanm@evgldmrﬁ)xmsabIemavety dészoivimmnangredetermined
thresl{&ﬁ‘%{mg &ﬁa%@%%@e%ﬁ@r QQ&%HEO@%H@’&@VQ{@F& terpingddDEes Rt 1ving and

value (b) as shown in ng with a resist composition for negativée tone
remo g dfisyTHBRTe e ROrRE Aas Rt lRERIASE drsahobar ) B f thevith a resist
compadition 6framdtijdcadd clopmsa, filhiviihiosesal dibthity o pokitilgtane positive tone

devel((;j evel&?&r{:ﬁ%?fer%blé(i?macﬁalcl:%%\{?op %Qeas% r @ Sﬁ(ﬁ g iR lupﬁht Inegatlve tone
n%ga e tone %Ieveloper pre¥er an organic develo ecreases
devel@ﬁf‘ér{nrﬁéeﬁ&wdrﬁwweaweéﬁﬁf‘éqw)ocﬁ%:aiﬁéﬁwp% %ﬂ@uw%h%ﬁcumc ray or

radiaty@vides, asatechnlque for raising the resolution, a new pattern forming

referab co b| ation ofad elo er (positive tone
Pﬂ%%g SfS’PO e%/ d@écﬁ‘w%& ‘r?&“r Em“’ WSROy Mask iy projected
on a Iwafer ﬁbbarhighpredet@tmmetﬁe tmemolchmea(ayramw hgievelapetignegativity (the

expos@%gfﬁg{qg%érf%rﬁ??E%ﬁé@ﬁﬁ@@/mﬂéﬁﬂgd value (a)) is dissolved and removed
using a positive tone developer and the region having a weak light irradiation intensity (the
exposed area not higher than a predetermined threshold value (b)) is dissolved and removed
using a negative tone developer, whereby a pattern with resolution as high as 2 times the
frequency of the optical spatial image (light intensity distribution) can be obtained. Also, in
the method of the present invention, the design of the exposure mask need not be divided.

As regards the resist composition for multiple development when performing those
two or more development operations at the same time, a resist composition for negative tone
development may be used as it is.

The pattern forming process necessary for practicing the present invention comprises

the following steps:



removing the exposed area not higher than a predetermined threshold

value (b), with a resist composition for multiple development, which forms

a film whose solubility in a positive tone developer (preferably an alkali

developer) increases and solubility in a negative tone developer

(préJerablyaatteprghnicidey el opst) de crghse seapsbranmadistion witlsapolubility in a
negatiPCURIG B AL adiatiaRs LIS H BRI SRRNRVANTIE 231 PSR PAE Ron,

element on an exposure mask is projected on a wafer by light irradiation,
thdidgion HAGTRYIEHY At irradiation intensity (the exposed area not

lowsnthan aspiedéetervaiage dhhesbsld fidlue/{d) hisedisbalvencata demaved
using.a itive tone developer he region havin light. .
RS IR A R RO AR Hhner comprises
(vi) a thepshotashangdd ) pistigso el angsemiegdondhigasatyativre dpelopment.
?e\’{%@%ﬁe\f;{hﬁéﬁﬁmg @@éﬂ%l a F@%@ﬁ%_&@?ﬂiﬁ@eh{% %ﬁ%ﬁiﬁﬂ;@ﬁ)tbﬁheé comprises
requenc the optical.s 1al Image (light intensjt Istribution) can be
(i) & A H o TG RS0 BN BRI LERTS I i design of the
exfdsupetteasKareevgnoteiemdivitiet: Ascreghrdseheoesisticoiyositiopriars (v) a
heatin@%}pﬁ%lgg&g&tevg%qipﬁrforming those two or more development

operations at the same time, a resist composition for negative tone -
deVR SRR BE adeethadipldhs REchstenY s8HAh P rotesyTataR Sihynay be
perforfaedrastieingytbé thresent invention comprises the following steps: 9 (i) a

step of coatin bstrate,wi [ position w lubility i
el RO ISHERINEUD & (RS aamnAs AT IRE R S T ) may ve
perforpgedatiphirglitanfdipesure step, and (iv) a step of developing the resist film

withaphegriive ipagdevalanemtihe patterrformibgpostined ahthe pragsnty in a

inventio er?fera%:é/furt‘her compri S. (gvi)wa tep of washin thedresistfil hich
mega B R RO G VORI B AT S ARSI ARG “hi
containrethsinhttvengresedicinisnichqasteralsigufirteersbmpissesitiil adtsplef weight
distrilIRNBIONRONRS s 31t fiMWith AR asiiMeHONG \é%lﬂ@éufﬁ?%B?ﬁ?Hi‘ 6,000 or less

forming methqd of the present inve tlor_llprefera ly comprises I}I/%a .
and beag rRAR AR IS B S ARSI PRI A Bt Ao Y Ahethagesfive tone
develdber ppesientinvenopyithelexgopareastepdddsnay be performed a plurality

of 4 patter. i thod of\th ti iongthe : _

e L ks T ElAr hgrggaive tone
develfpﬂ@g@htsmﬁ%ﬂy@

theeusstcomposition whose solubility in a
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 is, 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 called a negative tone system.
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negative tone developer decreases upon irradiation with an actinic ray or
radiation and which contains a resin having an alicyclic hydrocarbon
structure and a dispersity (molecular weight distribution, Mw/Mn) of 1.7 or
less and/or a weight average molecular weight of 6,000 or less and being
The posipableof insreasingethe ¢helarityl byatiierasticn of prisacidcand @ tor enhancing
the soﬁ‘x?&ﬂ@’?rf%”ﬁe%%@é??&ﬁé%f?{ AN QP3G ACNRIOREDLAE BRASTSA Yetween

In practicing the present invention, (¢) a rinsing solution for negative tone
molecyisie RS eI pHBld PARAFHRASY HSEENSHATURHERTSTAR present invention,

(d)sipesitivesthratderelapsisi(Mreferably@malkalisdleipignan)isapreheigbyorming
meth({éll rc%]?erd? ¢ %gﬁil r;llt Q%Bf% '1ce‘rc}%{1n }/selpstfl:%naisa R %%%gé ?%iﬁ%&%‘%ﬁgﬁ?&sﬂg ;[s %o as to
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solvent-coritaining rinsing solution for negative tone development.
the exﬁﬁﬁféirﬁrf@rhﬂﬁé‘§8§%§ﬁqf-ﬁﬁfﬂféés a positive tone system and a negative

torg sysiemcandnveaitber systemitachangeiithe sglufititn ohpaasist ilBositive
tone rien iat%a Velo&?tri\geute }1% Fev: qg rr(;ircarw%‘ tieonatri %ged gy Igiglgtrilrraa {ag?&liésresiqt for
u%ﬁzec{ah?genera , a syste Where the ﬁglﬁt-irragfa%ea part diedolvesin &°°
a negalbipdipeddsataned a positive tone system, and a system where the

lightrypir ﬁ%@@ﬁqw&ﬁﬂ%%{%&ﬁli_adgé_‘éﬂ%{%?e(faiﬁ@@ﬂ@dc%ﬂ‘B_QQH&Q WNBe positive
stem. 10 The positive tone resist utilizes a chemical reaction such as
tone cg%/éﬂ i

RrleotiVePSiShEB e MTERORY TRBRBIISIRY M BEVEIOHEY, didthased as the

negativedaiivddoriep@sist utilizes bond formation between molecules, such as

Croﬁﬂiﬂ kt@régﬁ?t&ﬁl%ﬁﬁ%ﬂg%@gQpegﬁf‘gg%ogﬁgﬁ me?( Mpﬁq{ f’?)dcapable of

!
) resist for Krk exeimer laser ( nm), an |mage‘formé¢r;% method called ™
increasfignheAURISHEARiERTIS 058 ¢ eurRIicaGROB (FBsgTRICRN S ROF Wi 3 fStagation”.
as 1o coamrpdosally tansensitiviyseducheraausedriidighadserptinmefior system
..._.example, the image forming, method ositjve tone chemic .
o B R AW e ping between

molecydreradoddpr erains s s drdhyvumon dysbneltes fenaraterapedcidllowever, it has
been GINVENLIRG A8 alali- nsalubieGeuB: IMtQ:BNAlal-SelHble YN PRI-HSINGweight to
the generated acid .as a reaction catalyst in the baking after exposure |,
estab B0t Bl AR FETHBUNG PO LA CSCPA By At forone
develolmretopaveas. d megetpresextiwaitiomaher positivedone resist
COMPARIYRRR ARSARAR PRSHIVE composition (a) not only causes a decrease of the
solubility in a negative tone developer due to a polarity conversion 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 particularly by virtue of a specific chemical
reaction (the polarity conversion reaction of the polymer side chain) at the same time.

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

time of performing pattern formation.
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tone resist for a positive tone developer and at the same time, acts as a
negative tone resist for a negative tone developer. In the present
invention, an alkali developer (aqueous) can be used as the positive tone
developer, and an organic developer containing an organic solvent can be
uséﬁha%mmhgaﬂue“tomehhed@bpﬂméxl&ﬁoﬂhewesist composition (a) is a
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the pmm}sosﬁwﬂb(aldmt ehbecianses adediesseldfihieegalumlityha mm&gﬁtﬁliva(powre
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tllfes@&§%%ﬁ‘%nd a decrease of the solubility in an organic developer

pam&uka{émpsévg@uglé}&t% %@%glcschggmﬁﬁkﬁsﬂcum&tt@ mla{a%xpo%ure dose for
onver ction o e mer e chain) at.th me . time, In.the
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(b) fovatdebﬂ@tzegﬁb@lﬂ“r@d@se (thentixposweldioderdor sdlabilivipgtorn formation can be
achwv@é‘ﬂy Q‘H@'%Ugﬁr@%}@rﬁ%qevq{ﬁﬁ’ﬁ% in e iehs 'ﬁ?éj'ét%@téieg'&@)sﬂg%eated ona

"threshold value" is the minimum exposure dose for_soluhilizing the film

waferpd SiRGi 13m @ HEOBIBRLIETE RSB JaLth R ddite Pxposure dose is

dissolngblubtizing tha éiltoreyde redbgativentb tiedenelapgioaonas hoghbtaima the threshold

value 1@3'5?%' n& dg&;]ea&c}?eem“mgs&fv@g iﬂ ;Pﬁe%%{f%ncg 5@%&%@ ﬂﬂ%eby pattern

res od v ue” can be determine S. That
forma@@ﬂuéﬂlrsbmé%ﬁ%mﬁ@ oY eoRRRESHESS BRI bill i 58S g athe order of the

deveimﬁwed@mead%lﬁpertaﬁe H@ﬂupﬂﬂ@ﬂﬁeﬁ[&ﬂ%@d@ﬁﬁﬂﬂwﬂﬁﬂuhﬂ@ﬂ@ve tone
devel g O S R IR o R o cone

Ime o mlng pa ore strictly, thé threshgl't"fl
developienis wbﬂiméblea@ﬂﬂiowgl Theagsidusiithlo ratenef tieiesisofilrnnghen organic

solveﬁxﬁﬁrﬁﬁiﬁlwﬁlﬁrﬁaﬁ@ﬁﬂfgﬁrﬁﬂg@r&%? H@ﬂ&??n@ tShO\:ch(;n fFIrg t4 the t

tor L BDBIB e GERITLNEC s LSOt V0B vy ahdr L o ine tre
matergppobuied parameters of the resist composition (a) and the developer or controlling the
parameters related to the process.

As for the material-related parameter, control of various physical values related to
solubility of the resist composition (a) in the developer and the organic solvent, such as SP
value (solubility parameter) and LogP value, is effective. Specific examples of the
parameter include, for the polymer contained in the resist composition (a), the average
molecular weight, the molecular weight dispersity, the monomer compositional ratio, the
polarity of monomer, the monomer sequence, the polymer blend and the addition of low
molecular additive, and for the developer, include the concentration of developer, the addition
of low molecular additive and the addition of surfactant.

Also, specific examples of the process-related parameter include the film formation

temperature, the film formation time, the temperature and time of post-heating after exposure,
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dose giving a residual film ratio of 100% for the negative tone developer is
designated as a threshold value (b). For example, as shown in Fig. 5, the
threshold value (a) of the exposure dose for solubilizing the film by a
positive tone developer is set to be higher than the threshold value (b) for
the tesgletaiizing thedimrbgng thegdtine qumend eveto pler nvimeetyptpatigrnidiec method) of
devemgm@i@ﬁ% h&dARBIENSH DY, OMS LXRASHCARGRIPN. That is, as shown
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method of controlling the material-related parameters of the resist
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ton% development as w ﬁPs in the. atterné]ormlng method by multiple

dev I%atFﬁréh orﬂ}%%rﬁg Rt AN é’\?e’llo%r ent and positive tone
de\ie)lopmemt stepordbiertiong inissubspertamtith coniisé tramposition for multiple

develBbR¥ardesrribed mataralielatedparamatens ANSLRFORRSS R MBI Ribility in a
negative tone developer decreases upon irradiation with an actinic ray or radiation,

(1i-1)  a first exposure step,

(v-1)  afirst heating step,

(iv) a step of developing the resist film with a negative tone developer,

(ii-2)  asecond exposure step,

(v-2)  asecond heating step, and

(1ii) a step of developing the resist film with a positive tone developer.

As regards the resist composition for muliple development, the resist composition
described later can be used.

When exposure is performed two or more times, this is advantageous in that the
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while appropriately controlling these parameters. The pattern forming

process using two kinds of developers, namely, a positive tone developer

and a negative tone developer, may be a process where the exposure is

performed once as described above or where the exposure is performed
latitudevof@omarectithe stoystivdd followingiprdeadspiiteat ifialdusteppentusmgcantrol of

the 1 RRBNE AP NIRRT AR ANYANE G oyelons( s,peyformed after

Irst exposure, an egative or posmve tone deve opment using a
devB Bsetaatrel eptironing s s nesis evRIgpaie His pébforrseadsigiosure dose

is preREEBNGEXPARLIR ¢ by BREEHE IRFNING FIRNadseoMBEEING, iIRs kiR () Fig. 7, in the

secongt%%v%%: or%;[:”}? %g’ %)%srﬁ% d".\’t}gﬂu‘%‘ rgs{% %%T&%Sgéggdf%rnn%ﬁglQllgount to which the
‘ evelopment,’'whose solubllity in"a positive tone developer increases an .

historgaMiitity sndasasegdtivptons deveioperdéateanésiponlierachiatidreyvityuan dose is

sufficReANGA¥Qhadialian diidd & doeXPasWigiam: ty Asa st heatBg: is reduced
step, (iii) a step of deve&oplng the resist film with a positive tone developer,

and depending onha eASoMEOSRESINS) a second heating step, and (iv) a step
of déwetopingihdsesigidilnjmittna’ P egativestoper frvefopeing Alpafiennexposure is

preferg%g;ig %W&Q%Pogomg%gﬁ%géa{%g \'i;lé(fi)e rﬁé%%é\jv ngiE‘g%@%%@%Wﬁ% step of

résist composition for m ] o : ) )
performpigghasroBd FERSEFSN crdabes Wse ég?dﬁﬁﬂgfﬁ’noé th fashexpasare can be made
to lesslgirelopes sloceeasesiRRminagintion Wit aekinicray i agirtiare. (i-1)
a fipst £Xposure Siap: M dha ﬁ&StJéef?‘e“Rié’o%%E’e (iﬁg IRLEAQLANRIOPI ot limited
the Tedist fitm WhH & neggtlve one developér, ffi- ?a second exposure
to posteps (W) desebumuchbating deaplapmeb(iiivaistep ofdetvedoping thegpiet may be
perfoltBditl a positive tone developer. As regards the resist composition for

multiple development, the resist compositjon described later can be used,
whiett éXpBeiie ’i@ep%%r?ﬁ@a%% 8?%6{51&?%&% SRR g ipethod of
adjustingt the datduocteibécorntrolsf theatheeshotdivalliadnttee deteelalpmehtprocess is

effectBfLET fifR SXPRSME adeontee! gl t?&ﬁgéﬁﬁﬂi’éd iYalye i ihe glevel pﬂle??re‘tand the

after second exposure increases. In the case of performing the exposu
tempeghesy moﬂéﬂtim@}qh@eggegrﬂe&b%glﬁ@%e That is, in order to make the first

exposure dose to be smaller than the second exposure dose, it is effective to set the
temperature in the first heating step to be lower than the temperature in the second heating
step.

The threshold value (a} in the positive tone development is determined as follows in
the actual lithography process.

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 is formed on a substrate, and the resist film is exposed through
a photomask having a desired pattern size under desired illumination conditions. At this
time, the exposure is performed by varying the exposure focus in 0.05 [um] steps and the
exposure dose in 0.5 [mJ/cmz] steps.

After the exposure, the resist film is heated at a desired temperature for a desired
time and then developed with an alkali developer in a desired concentration for a desired time.
After the development, the line width of the pattern is measured using CD-SEM, and the
exposure dose A [mJ/cmz] and focus position for forming a desired line width are determined.
Subsequently, the intensity distribution of an optical image when the above-described

photomask is irradiated with a specific exposure dose A [ml/cm?] and a specific focus
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is preferably set to be larger than the first exposure dose. Because, as

shown in Fig. 7, in the second development, the threshold value is

determined based on the amount to which the history of first and second

exposure doses are added, and when the second exposure dose is
positisnfficiehtiatedgerihacetd fitsh expdsuperftosedheieffe strofiitéofirst ftware (Prolith,

ver, 9%89%“ SRRedSieRced and HRPSNAING. AN, IR CASEIRANDE NRAIAGIETn Chris.

e exposure dose (Eol [mJ/crpZ ) In the step of perfq‘rmg&the first ]
A. Maskobsitls BRPISFEFRSHI hIrcoria inees Sivraneitnar the-Exprsdilosies, Inc.
dose; (ERuliindieme]dficihestereiphe oy pngathareessnd 8XPasufesHiwn in Fig.
this case, the h stg% 1%‘ dthe first exposure can be made to less affect the

i

8 of alﬁ)r%éss o?&b%rfgpmlng pattern formation by the second exposure. In the

caséent, perfbaningnthiggeXptsulighivintinity, ahe fiest devefopriensistisbtposition is
shiﬁeﬂ%@/ﬁ%?%@%%t%%@ddﬁéﬁéﬁpf??ﬁé‘_tw%lﬁ ‘i‘?d(ﬁ'%énﬁ’i%iﬂﬂﬂg FNRIAIVEe spatial
) tone deyeloper may be performed first. For changing the first exposure
intensyfy i PRI QAP dgmgeeésga{nswm%ﬁf@w@dﬁ%ﬁr{a he

abdie-desshiidd sladgvsipahamegars catate d ¢oclbemeatasidetonchpraces fisows in
the acﬁf&g@%}{g II%]H réi%‘d!%@’ control of the temperature in the first heating step

and the Te p% ]

ature in the second heating step is effective. That is, in
ordér tHmAREPRsSsPfekptssifle SRIBROUUINS SRS, ARAPPIHE st ghdpositive tone

devel @d0pIiedosanit isoRffeetiventa selthe denmeeiatiein thectiEsthieabinng irradiation
... Step.to.be lower than the temperature in the sec heating, step. The

it O 4 I GO BB AP e throuh

a phofolioawks Ireviing actisairithographyipeotede. Actiimdolpunedons eorsliisms. At this

time, QR&%%I{%E&@ ‘{\éhﬁé%ﬁfﬂé{? ity &a@iﬁg%ﬁiy%@aﬁué%elgpﬁr @I‘@S?@ﬁﬁ‘? _ﬁ@ﬁ's and the
SO|UAI)I ity. in %rﬁzwﬁ tone developer decreases upon irradiation with an
EXPOSUIGARSTAD Br rHHATBH fl%¥med on a substrate, and the resist film is

expﬂn&edﬁtwqug@mephb&q@sﬁkﬂiavii}gha_mmed platiesd Sigqaamhme for a desired
time HRPHRS HURIBRUPR ARG tARS AL é@%igﬁe@?ﬁhg SAPRIUEAS RGNS W desired

. varying the exposure focus In 0.05 [m] steps and the exposure dose in

time. o §ifsiofesnbsiepeenndhetinexiosu e, Yrenrst it e hiedeepiaed-D-SEM, and

the edesited tmperafuiBdorp drsifeshdimaisiod then fdevelgpedivdteaniatkalidth are
developer in a desired. concentration for a.desited time. After the

et ANt URE e U e k2 A BB g e ahove

descrifad thetenpdsiydrasiatal [millcmshemdcrezpe posidest for farkmimglaand a specific

focus IgSirBEHING VAR AL, determged: BURSRAYEI Y JRIBDSMHYs HRITHHOBo frware

P I‘tf an o ticg# when the above-described photomask is irradiated
(ProlifhRrg Qissdifie ure dose A [mJ/cm2] and a specific focus 14
For example, a spatial intensity distribution shown in Fig. 10 of an optical image is

obtained.

Here, as shown in Fig. 11, the light intensity at a position after the spatial position is
shifted by 1/2 of the obtained pattern line width from the maximum value in the spatial
intensity distribution of an optical image 1s defined as the threshold value (b).

The threshold value (a) is preferably from 0.1 to 100 [mJ/cm?], more preferably from
0.5 to 50 [mJ/cm?], still more preferably from 1 to 30 [ml/em®]. The threshold value (b) is
preferably from 0.1 to 100 [mJ/cm?], more preferably from 0.5 to 50 [mJ/em?], still more
preferably from 1 to 30 [mecmz}.

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

[mJ/em?].
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position is calculated. The calculation can be performed using a simulation

software (Prolith, ver. 9.2.0.15, produced by KLA). Details of the

calculation method are described in Chris. A. Mack, Inside PROLITH,

Chapter 2, "Aerial Image Formation"”, FINLE Technologies, Inc. As a result

of edlctlatiomefosteyanipie;ibespaiad indaasidydikipiputionashalkalin fdgeloper is
prefer§b‘? @(Qegptical image is obtained. Here, as shown in Fig. 9, the light

inténsity at a position after the spatial position is shifted by 1/2 of the

obthisedihiesvelnmenndushremm BeevnsihithmerParuiasnoerissear Aredgngent is,
for exdisisibutian.af-amoptiaabinagribesanesobadiyeshald values@yodhgn hydroxide,

; threspo&d vacllue b&.in the ne %tivet ne de elc:%gme tis determ'lned as d

potas YU SR HRE St TGN oL SRRl SRR B Fadpind saueous
ammaogein pusition antiose seiubiityhpl anpositivé mpmw@eiom@aﬂe@@mﬁ such as
diethy} AL & ResalvaitnRe daveiPRRIARCIGRRES YRR HAdIAlQRs WilANicthy1-

. acti ‘ic ra{y or radiation is formed on a substrate, and the resist film is
amince, HSSBAHABI 4Y5HofmALRHBVGRaeHEY GafterHShreitaupe. quaternary
ammatiésiiedsiluminationconditiorshhihisodime, thedexpdsuranis petfactheldbynonium

hyaroffIS0S SRS RIS ORISR AR e exposure dose i

0.5 mJ eps. _ xposure, the resist film is heated ata

dedivedeBRperatiife ralinge SIHBEO W EOAHEPIhenate 8l opEd iiftsTagdding  thereto
alcoh&160RAG deMBlopa it R idesimphepnsentiationtfor a desired time. After the

deyelo nt, the line width of t attern is measured ysing CD-SEM, |

R R LT G i LB SR IOREE SOSHHON iy Masste

dediredblihefwWidt kale d@l@‘tb}mi‘dedswbs’équelﬂl@,tﬂnéﬁt&ensity distribution

of 80 qptigakimags Wherdhe abqve- M@%ﬁﬁk\%ﬂf@ﬁk iiirediatedolution is
ith a specific exposure dose A [mJ/cm2] and a specific focus position is
culated. The calculation is performed using a simulation software

(PrABtlfopnhdud:MﬂgydéhM)_:ngr mmmggmﬂmﬂnmﬁiw&tmmpsitive tone
deve]éﬁ}gwl 1@9 daQeg)Ting&{'C%{dmﬁ)@%{ﬁe QP&%?‘%Haf'%Eeu&%SQ‘Pé’}‘%gg@g ‘thereto a

11, the light intensity at a position after the spatial’ position is  sh
surfacigpt ip eApBIaRIEdcHIRIAtIne width from the maximum value in the
spatialtlistensity dispéeisionngf asgpticakimage-icrighined, astherthigshaldeloper
Contai\lll%'llue aﬁbg Tage t@({tﬁseg%)ld va%gﬁé} ?nis gc[eferably from 0.1 to 100 [mJ/cm2],
mofe pre raﬁy rom- 0.5to ? Jiem 2], still more preferably from | to
30 frhJferm e Toraahve shold apsiu ey is cprefesabipdram petfeontio@ negative tone

develdPHWEGN Al pRIRrgaNeiR ARl A the- Hased Fndiam 2k Sl aaor o RigfeabMol-based
from 1 to 30 mJ/fmZ . The %lfferen%es?)?tween thre%hold va{aues (a) and

SOIVEY{E)%@H%‘ yHEH Oax_al_dtéz 6r~base vent, and a hydrocarbon-based solvent can

be used. For example, there may be used a ketone-based solvent such as 1-octanone, 2-

prefer\év

octanone, l-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,
isopropyl acetate, amyl acetate, propylene glycol monomethyl ether acetate, ethylene glycol
monoethy} ether acetate, diethylene glycol monobutyl ether acetate, diethylene glycol
monoethy!l 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 alcohol, n-hexyl alcohol, n-hepty!l alcohol, n-octyl alcohol and n-
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[mJ/cmZ], more preferably from 0.5 to 50 [mJ/cm2], still more preferably

from 1 to 30 [mJ/cm2]. 15 At the time of performing positive tone

development, an alkali developer is preferably used. The alkali developer

which can be used in performing positive tone development is, for
decanexamgie;cdwbalkd | ndvagueats solttiphaf igiqng»&niﬁalﬁéﬁssgmcﬁsagddinimhylene
glycolhgggpﬁ( I& Co@%ﬁﬁ %H%gf\%ﬂggﬂ%g%ﬁg ?E%i %QQ{HH%% ng%tt‘ﬁer propylene

ium etaS| cate and aqueous ammo primary amines s

glycolempgnammbyardhatpesy ik cebanaaknsraieel sdigthydensiahirinmegomethy!
ether, W}@téh@lgtykﬁfniﬂ@méeﬁwytmmbmt@mwame and

t e lﬁl é%}l/ll Sugpe n%?ipg ?g#\f%%% u%:c §aa8191| aﬁ&q}ggttﬁg " Ia }Ifggiaqper based
Solven@tﬁ@m&r@mmmmm@mtm}’mmmmand tetraethylammonium hydroxide, and

Cy@%ﬁﬂ@@%@%‘% AR RILIOASANRIRG! 'ch@éﬁ%%&edﬁ@cﬁlh@“&emethyi 2-

gueous solution may be ysed after adding thereto alcohols and a

Y“(’Eé‘éﬂ?&cfgﬁ -Sipaty Brcipidprnd S dhBtRe R ERem E6ncentration of the
alkﬂkedﬂvleh)ﬁﬁths hﬁcﬂmﬁwﬁ@ﬂmb@s&dmﬂ@amaﬁﬁ%deﬁleqﬁbhmhmBm(a:lmrbon -based

solvelgeé{ﬁ:lﬁ %lﬂgﬁl@ l%H%é‘% ¥ Hgtl’ QCH@ 61&9%8&%?258’@4% such as

etrame ammonlum ut| Is preferre Asfor e rinsing
Peﬂ*%lbfiﬁﬁiﬁﬂ Qﬁ@l?ﬁ@iﬁgiﬁ%ﬁﬂent performed after positive tone

deweiﬂnfﬁw,owﬁeswa&waﬁwm Bnehthedpurawaiak-saynbae saskaftsr mixing it

with aas% |n n% %re%t&a ﬁyrfa%tan}_ln ? %%r{())prla{e amount. At the time of
perfar g neqg Ve Ton6 deve opmen an organic developer containing

an dsgasicdolbedeisinmferdblysissedionstemple. oy gaeily develwpeswitcte veloper

on a SARREUSEh R B?QH&@@&P@QQ%@%@Q%&%&'W 1@&9'%@%@%%6 time,
such as ketone-based solvent ester- ba ed_solvent, hol-base

theret g R S SIS ECRETSAdor 0B GHAE e developer on
a subdwaeorafbhentgase dnetdivdntcein bethsdh framexample, ctjmetmg’rtby Beveloper on a

substrgrcéego‘?ah r%?'%? Q%@thgﬂv %ﬁ“&lﬂ;ﬁ? gc&% e %'09 ectm nozzEe at a

1-nonanone, 2-nonanone, cetone 4-heptanone, 2-hexanone, dIIS

constagd e, (@mxﬁﬁéﬁ@ewﬂwég/dm%snwwhedﬂa@%n@%&ﬁkﬂvelopmm
metho@thifl deetonsoand-getbyt t&@btﬁg&tk@&qeﬁe aede%pesiembglﬁeﬁesglwe@mmﬂface is

cooled au{: ithé/\lfaa%%t t()eﬁ (t))ltl'| H{' eve‘?te e{ % Cet% e t'sxrrg Et)%/ Cfetﬁit%cv{z.'l"cyper and the

ate, pr py ene g ycol mongmetn er aceta fiene gI co
film qﬁéh@éﬂﬁgﬂteqn@pa@@mefcmr@@ﬁycén@g|§/@b$tﬁa€meﬂonqﬂ ét%@h@ée@ét@ constant rate,

gwmcd'ﬁqéylﬁﬂ%egyﬁﬁjaﬁﬂﬁn@?tm@ athrnmaceiateBibihiethe¢PiRRIQRAE, the vapor

3-methaxyb cetate, 3-methyl-3-
pressure at Ogéyo t e eve(ﬁfl oper Wuc 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 l1-octanone, 2-octanone, 1-nonanone, 2-nonanone, 4-
heptanone, 2-hexanone, diisobutyl ketone, cyclohexanone, methylcyclohexanone,
phenylacetone and methyl isobutyl ketone; an ester-based solvent such as butyl acetate, amyl
acetate, propylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate,
diethylene glycol monobutyl ether acetate, diethylene glycol monoethyl ether acetate, ethyl-3-
ethoxypropionate, 3-methoxybutyl acetate, 3-methyl-3-methoxybutyl acetate, butyl formate,
propyl formate, ethyl lactate, butyl lactate and propyl lactate; an alcohol-based solvent such as
n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol,
isobutyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl alcohol and n-decanol; a glycol-
based solvent such as ethylene glycol, diethylene glycol and triethylene glycol; a glycol ether-
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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

based aldohod steti-dsytydattoteat} ysobutyhadecthpl, mbkexgthaleobhelynehepiybylene glycol,

d;ethy?éﬁQh #l?gBPWﬁ%%‘P% %9\" etﬁ?rde?ﬁ%MQ ycq ?%re‘jlﬁ&’ﬁ‘é%%ﬁ“c@tﬁ‘ér and

ethylene glycol, diethyle glycol and triethylene “glycol; and a glycol

methoxpraethybatpaslyem stos-hassth w@ﬁéngrmhnﬁqérﬁéwr@fwapﬁapw@ -based
sorve:glyccslumpnomethyheﬁwrypmygeﬂmgwl pmwlerﬂ@egiymletarﬁmlen@nd N,N-
oI mon met I ether, trieth col onoeth eth ran )
e ARl NBILC B RSB AL BAEA Lo G T o e nd
an ahrmﬁmbmdmchéagryb@rs@irservbawhwmemsemr@o@mane and
tet@yﬁqgfw% Exarplesiafdh &'Hé@ﬁq&% sPienthighraan be tsed: 20°c,
include N- meﬁl;tryl -2- pyrrolrdgﬁr fgs meth laceta |de and 7
whichi a0 RSt PIOFTE B S B XITTBSS B ra%% HoHaSd sBivérmctanone, 2-
octandneludé-asnarematic hydracarkon- bd&@ﬁhﬁﬁiﬂgntﬁheﬁaﬁsmluediésahdyl ketone,

cyclol?}%!gﬁl&eanrg r@fﬁ%&g}{gﬁﬁ?c HO ?l?gf?i% ?81'1\46%15%{%9& %ng%'f%nt such as

xane, octa ecane A ese solvents ma e mixed

buty! geetics Rt Asalftse nwlﬁy%&meluﬂwnﬁra%m@eﬁb@rh@ﬁﬁﬁn gigenc glycol

mono€l@SErinRe-abeMetor RIBNIAS regarss themoeysiDRMRAt Sysiem, dr;zrthylene glycol
p ame hod of raisjing, the develo bst ate surf C the )
oo AR o SRS L o IR . Ay et

methoyeHeirhpgtite Gé\zél&pﬁ@rb@ﬁmﬂh@&ﬁ@h@@rmﬁ@mwm@p@@hngﬁh@d solvent
such ﬂ%ﬁlﬁ?ﬁﬂ@&uﬁ Séé@%@ﬁ ﬁHémetmm&ﬁg? PG MELBAGI Of-hexyl alcohol,

uously ejecti ev r on a substrate rot trn at a constant
e SO TG THE VLI SEF B P RITESED N e cihylne
glycoldyinaimiteokis pbnse m&dihmﬂ&th}ambegmﬂieda Inlysing sbehaddvetdpenéntuch as
propymﬁéh cgltl?ﬁo\ﬂ%%]%;?%ﬁ%xe %{ﬁpﬁ&e%ﬁ;b\éﬁt @gg%?e\f@o@?gﬁ mgzl?hﬁlﬁxe glycol

substrate surface Is cooled due to evaporation of the developér to reduce
monofpelghsesadiietrians gbiraloperastithetbamint ehesianebibuihel an amide-
basedfomi@enon tdmelsulastra‘temmgld@mfwﬁd@re@ constanhetielagivingdiseded N,N-

rioration of the dimen alu |for thi re son, the va
e ! B R S e S R A A an s

hydrogagatives teh e desl sprhar o peatedalskasekPa or less, more preferably 3
kPanofhlesevahen Q@wr@f@r@ahp@rr@l%’mg lgsgaPReciic exenpiasaf, thesurfactant

o o RS AR AR SR 2, oot 200 e
2-nbiranoriestdnheéptariopa;i2ubekadongedlitsgbutyl kstomse, an ionic or nonionic
ﬂuoriﬁé’g&ﬁgﬁﬁﬂg%dm?tgﬁ&yﬁjcc?&ﬁéﬁﬁ@%urfactant can be used. Examples of such a
fluorine-containing and/or silicon-containing surfactant include the 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, IP-A-8-62834, 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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phenylacetone and methyl isobutyl ketone; an ester-based solvent such
as butyl acetate, amyl acetate, propylene glycol monomethyl ether
acetate, ethylene glycol monoethyl ether acetate, diethylene glycol
monobutyl ether acetate, diethylene glycol monoethyl ether acetate,
develgthyinBbethexyprapionateyid: metthox ybivtyltaceiabe, practiced
3-me I Lfo
-methy éut Hggfﬁ/é) ?&%?f]h{? Uty ﬁ n;’?ggh (g ga {”385%1% n%han organic

lactate, | lactate and propyl lactate; an sed solvent su

solvery israisipaiia s vidsora T HIEaReRtivHions drsHImsat-butyl alcohol,
ter&blﬁﬁyﬂﬁiﬁombﬂsﬁhﬁyl\@@ﬁhg'.Mth%ﬁlﬂ&ﬁ@%oﬂﬂ@?ﬁdh@m@i@hg solution is

coh canol; a ba ed solvent su h as eth
remweld3 %/dle ciésr%éa%II Surﬁa ne%%g{fgﬁ ﬁyco?rate F%Peat%er Wgése ;000 rpm
to 4 O%B&mm Stmhf@zsqdropMéhe ‘gﬂwwhmﬁbﬁrn@mw eltmmettbﬁnhﬁet@ywoiutwn is low,

the riRéQRY@NGBlYGehSligthylane glysahmaonemeti eiffviriethdenaaly@ution by
mo oetﬂyl ether and methoxy &hylbutanol an ether based s%lvent such

rota‘a%t o %ﬂﬁ e&ﬁ'ﬁﬁﬁﬁ@@a d‘egxa}\}:@ﬁttegﬁ Hrg§ on the substrate to swell the
resist bbmahhyh—ﬁ-myrﬂ@,lIﬂﬁnh;TNLMdlmhethﬁba@ﬁi;anﬂdleeaasimlﬂt-tern is deteriorated. For

this re%‘é&‘?“ﬂ%’éf% Xy’P%@?éu"i‘Q 3"1@69@ ﬁ%@ﬁ% 'Bﬁéﬁgs Jé/ﬁ-“%bﬁg%‘(% Pa or more,

toluene an ene; and an al p atIC carbon d solvent suc

more prafesebhing WkRane mepecnd é%@éﬁfﬁﬁ,fgf@l? #hE-dedEid pEMREYIng a vapor

prassuke Qfl@zkgaswblaﬁ‘@eﬁtr%é@mvwmﬁfé lsiavmaghmfemedwaﬂqgg inglyeieferably

one-based. sov .such as.l-oct ope, 1-nona
perfomz"neg Nsing ﬂﬂshngp%an %Ir?él ea&rgxrll nz%eqegsio Ne %/H%Q i, aﬁ orgame "BR%nt selected

from gpcidkrneahond, snbtnicyckshmeabond aﬁld’fpﬁeﬁyla@mh@%ednseétenibagedcohol-

baseds@m&saﬁmﬁﬁdmeacgéﬂ@m@w aRelAiE.- Bﬁ@&i"%@&%’coﬁf@wtﬁﬂtep of
eth acetat I@/Ieneg col monciethyl ether acetate, diethylene g coI

washifie} brﬁt“y?t sidte fé?ﬁ&ﬂ%ﬁB B FORBHYBERH kb oHR Fan organic
solvergtbglk 3t ioxy propionatesddratimmtybutgtacetiatd, s8imeathyh 3icohol- based solvent

and m&%%gyé&l RIS ﬁ@yglll%g@g@tep lﬁ%éﬁ%@@n@%@ﬂ%éﬁg%& eferably,

alcohol-based solvent such as n-butyl alcohol, sec-butyl“alcohol, tert- bug/
step o4 WaMHHRSBB RS AIEGRANY B ANSEHOTO HKE R PAEERBIh 2P iR solvent

or an aserbaledandieatd Isypalfbﬂﬁad:l aﬁiv@egmtaﬁeaabyk&amgme;@hmtﬁti’iylpﬂﬁerably,
g0¥col nd trieth Ien oI a glycal ether- d solvent such as
a step 1%9’1)/

propy eﬁrégg y%cg Smménomet)ﬁyllsi grrlg )ﬁ ne g yco O%I%%I)I/"%ne g(i'ﬂ()h?fdrlc alcohol

havingjattopidng giyedlehondntetlyletbrsforrsthyiéie gigeoMndpoetiyt demapent. The
monoﬁ?@“@@t&%@lmﬁlﬂﬁb&%%ﬁiﬁg‘éf Basedl salwenissueh @sthe rinsing step after

-methy rrolidong, -di etamide and
S A G b S
specifxylenamngpid ar ahphaﬂimohydr@ca&boimbaréedtsmlmerhesushchsrdenelalmj(anol 1-
heptaﬁﬁcaingctﬁhgi‘eéjﬁ&‘?iﬁ@?ri‘ﬁ@ﬁ&n\’ﬂ@”o@?ﬂ%‘i%”ﬂe&%“‘@ﬁ@ﬁ'@noi 3 octanol, 4-

development, a surfactant can be added in an appropriate amount, i
octanefegifeberebadtnheleariths dhstiaaRtcibF KA Rdited d’te?&’-i"é’kgﬁﬁ’ﬁfepfﬁfi?f&ﬁc

or pominitity 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 1s 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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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,

JP-A-61-226746, JP-A-61-226745, JP-A-62-170950, JP-A-63-34540,
treatmpRtAs Jop 30168 AP-A8i62g31, JR-Axeagd 32 naRhadoos988tandusls cjecting the

rinsing RIS PAP B lrae30%AR ,a@i%%a‘i&,sée%%%?p%’céaﬁﬁg Ql%%md) a method of
576,143, 5,294,511 and 5,824,451. The surfactant is preferab

dipping, figribtstiHsctint. $HE dUfonTe Suthsctiming o paencltady i ﬁﬁ%&%ﬁdlppmg
methcﬁ);flumdlraenwhtah mﬁgpaugfmgtahé ommgl cohidontainithg sutfeciantis{imeréspraying
metho%?e&? OQrf L %t@d“wﬂ%?é’d?e %ﬁjs%” frt%nt 9 9]18 %e?formed by

ass%, pr era m O. 05 to mass%, more pre rom
the Smrs%%tsr@/omsﬁ@éda@ﬁ tﬁ%eéﬁhﬁe\aﬁabmﬂt éhqh@naége?@béwmﬁ@ﬁftﬁ@g@épfrom the

substrfePaffRINING loegatly e tons daxelapment crStRmBESEINIG then 184,000 rpm, is
development by the replacement with another solvent may be practlced A
gp of washing the resist film with a rinsing solution containing an organic

solﬁ@ﬁ@@{dﬁe@&b@emmmh@dhémegaﬁwtmeﬂb«rélgbd&uppmgb\the substrate
in a bAEHRLWIE! %h@%%‘xz@i@?&‘%r%tﬁﬁc{'Hﬁ&@Qﬁ@&&iﬂg%&%&?%ﬁﬁe‘%ﬁéﬁtmﬁsmg the

removed from the substrate surface b rotatln%il e substrate at a rotation

developanp il B8R IHMTBE, B FTGE! sYe hithe ey gadyirsringdt still for a
fixed vmmrtmmumrﬁﬁmhmgrﬁamges@ummm @wdﬂherwﬂscudg sotutidondahainsying the

devel It%% %%gﬁgﬁ%ggﬁﬂcéf@#}% %Vﬁg'& rg}is‘d rme %e Sué@sq'y;? tcting the

strate an netrates resist atter
devel@v@é |Pﬂn’éler@sb§tfﬁt&tf@ffﬁmag ol resonstan teadneloleatanmEmtte csietﬁféoper ejectmg

n.ozzidf@@l@tcB@ét@ﬁﬂr@&&@xﬁ{mmsﬂ%%etmamaﬁmwBe a\@ﬂwdpressu re at 20C
e rinsing solution is prefera O 05 kP orm ore
A B RETATLbl, B3 RE A AT e iy e & i on
a subamtﬁnb:gaxwtmeea@m@mmmtlmekdvawns@ubxbtﬁfemablwgérmrﬁ%ﬂ developer
increadeiNgrA RRIBEiBAIHTIAN, %?EW@'QQ@ IRIsIHRe KindAfan PeaNicAUeAt with an

. .selected from an alkane-hased solvent, a ketone-based solvent,
actini K P XAMA it SR &Slﬁ%&%@%&% Si6p g hselgdng Wiy the siep
of apglythgrpetitereb@seddsebleptaditeferdislyfilanstepyobewashingdhdyegestefidbly known
methd4 Using a rinsing solution containing at least one kind of an organic

solvent selected from a ketone-based solvent, an ester-based solvent, an
alcORBISHALEH S ARRAEIEN AN TN 1B AL BbRREHOPr Y Githdiniigd in the light

sourceﬂezgaatwalganeldﬁveﬁmpmm@moaemﬁef@tabhéxaaﬁéep;v@izwas@imqm@ f@ﬁ)§tan ArF

fil using a rin oluti ne nta| ing an aIc hol- baseid %{e
el e Pt MF o R e SIS RUTh ™ can e
appligghore preferably, a step of washing the resist film by using a rinsing

solyfign: carpaining B manobysticaleanatl having /4 carhen AHMAsE:&iexposure

f f I Th
methﬁ%lgﬁg%eoa{lggfed after negative tone development. The

The immersion exposure method is a technique for raising the resolution, and this 1s

prefert

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=sin0, the resolution and depth
of focus when immersed can be expressed by the following formulae:
(Resolution) =k e(Ay/n)/NAy
(Depth of focus) = thO(?uo/n)/NAgz
wherein Ag is the wavelength of exposure light in air, n is the refractive index of the

immersion liquid based on air, and 0 is the convergence half-angle of beam.
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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 1-hexanol, 1- heptanol, 1-octanol,
2-hBxens)|112-h8ptandingyectanols 8quekanals 3theptapodys: ectesiohgth of 1/n.  In

other 9&1@%9'\;@{%9 Bﬁ"ﬁé@j@éﬁ%ﬁ%p\’i’éﬁ] }yk‘éﬁé‘ﬁ%tﬁé“%ﬁ‘@@@%@' {a%ocus can be

being preferred.” A plurality of these components may be mixed, or_the
made gof{agt MEFHEYUGEIB R it\WithiaRGrgaVicdQoRIERRGEHR PRItk can be
combihegcrbiactiabeveerilsonaiar cantesibiry thedénsing selupessdatpraigialslypiise-shift

metho@%ﬁﬁ% 9 irlaes ke {i){ggferea%g%s mass% or less, still more preferably 3
mass% or less. By setting the water content to 10 mass% or less, good

deVel8pniast ohaetosnisnesBaAIRIEOBTANSHICT HeStiisiHgresiuianthsaljlm surface
with %Li%dﬁ%_&ée&@{ﬁ%a%r%%@%ﬁ%ﬁheﬁ%? @@tﬂéﬁf@@;ﬁﬁdn(gﬁ b@laﬁéomé?;%@@@#ng{ep after

.n e rinsing step, . tne warler. e egative tone aeveliopment IS washne
forming s 1 e HBSETIE S lais S o CBIEs S Ty B g hrough an
immefe hethdtiwwbrlashihg st9 b”éhmtiarrg_ ﬁberfdtrpartigula}rly limited but, for

eXamPlicy AR Al GobHeMsY ﬁﬁ{&i&%&*ﬁ?g f@ﬁ&@%@f%%quﬂﬁaﬁuae exposure

substrate rotating at a constant speed (spin coating method), a method of

wavelghethanehba¥ st & BARRFIEY Vit the i Shacsariuntrdes aagpsible so as
to miimezédipptigoriethofjnassiaaingingel mbirtayiog the filsingPaolidiidurlonwhen the
the trate surface (sprayin ethod) may be lied. Above. all
expos e AT A% LN 75, T oraty e
in vieyefirsdyarigidfteli thang gepimndleahiising sefdibandadin obedendnsctfed aspects.
subzﬁt&ﬁét{egsg%éfm%gow%ieg %1?:&!&%@?&@&@2%%@%%%&%5&@?9@ surface
. rpm.to 4, rom, IS prererrea. S regards the velo ntmeto,_or. .
ensio B RSP ol e LAt T Bt i TR Fao. s
additideve hopérridha fikedit e dippingp nikshas, ﬁlmeﬂilﬁd.&yferadsirtgethmfer and at the
same SEYSIQPRI QNS %légﬁgml% sertacePwthspitart ol s yriaca denaienand the lens
|

keeping it still for a fixéd time, thereby performing the development
elemegy ddie method), a method of spraying the developer on a substrate

surfach (spadylirigenetheftyabnd fomethagiof aoatipuaiishiejrelingving a refractive
indexJRUGIOREL N NG SHbpUAIE FOlRG Bl CnsiApt SRR NG BEaARG alcohol,

the déveloper ejecting nozZzle at a'constant rate (dynamic dispense o
ethyl pheahplanshipprerppiedhah thdspefiamoforfsdiilg AethoBartnapssehipctive index

nearljeAtieNtihesiepal tarminganfiie slkoRosubsirRieBYiHSIRg:AKeSIShorated and its
com osiiiion whos?

conte e A o U BIaP  SLRE ST A B can b
advangaginivstsyrodeadintionalihe step of exposing the film, the step of heating

thedilmy, aaehthe,318Pif 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 distilled 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, Si0O; 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
like 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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of applying positive tone development to the film may be performed by
generally known methods. The exposure apparatus for use in the present
invention is not limited in the light source wavelength, but, for example, a
KrF excimer laser wavelength (248 rim), an ArF excimer laser wavelength

resist (badugijmndland=drkiimeinlaspositavetengte(toponmcamtreanpplibtility in a

negatil QG SIRRIS %rg%%ggbgﬁg@%&?ggsdgﬁmﬁ RIBSEOLIRVENHRN, AR dmmersion

exposure m ho can be . The Immersion exposure method is a
tedMSiGRRSTGOPAPSFIE e Paeb RioPE BrRd tiidhe PactsBhHIYEREIBR peARYHRRY below.
(A) RE3R expasurerycfilisg adighvraffgativerindeioliquianheikpinafter
sometimes referrFedgtp. as an."imrﬁuersi nliqgidt"ﬁ between.the prgje [
ple.

tlon . .
enb 58 ¢ LRS! KSTOPIRE PErBRrO IS QLo thag o 5 15ed

the reNA@osinGitios rdgblupisacahdhdentionoifacuesiwheving mereer bah dsgsomposes by

the acBYR'EPERANY (RS foliqueing M@ﬂ@%ﬁ@%@%?%ﬁmwﬁﬁ%%fermd to as
. (Depth of focus) = k2e"3),o/n)[NAO wherein éé %lffs the wavelength of . ,
an "2 SSSRRRFRI SR 1o RS HRR-RHY SISk B MU A g side chain of

the rebaséchortaitcanei@nisithe epnvergenicdcoalfrpmglid ofddasin a2 0'ddidtdscdheposable
g act of immersion i 10. ] f.1/ "
R

| he projectio : : )
develepastinarasendncanibeh E%é@é??ﬁﬁ?éf§flﬁr@@<ﬂ9’%@1ﬁﬁ#@@%rhyﬁﬁ%%bon structure

and caffetivastoralioatiam pretiles andseaibiRy GarahinrRdInib tieper and decrease the
uper-resolutian technology under study at present. such as phase-shift

sl R MBI IR A el i AL B ORI T red 0 s

an "alimybrsiardexosundaacdtasidfdeesmpepthicfitasis(ifaddesgiteathagplenty of the

resin %ﬁ‘q@“jﬁ?fﬁ% m%é%eoteg{]f@%ﬂg;af&%)z f}@%terﬁtihmpofw%gﬁﬂ@;@p &ftRldiation and
INg.the _1lim on a supstrate and/or arter the step o1 exposl e .
when 45 (U R BRIk BORUREStiobor KRR TR, oo el

develaﬁw)immrieas'tmgd@%ddtdmeprmmyra(ﬁmfmdbémgnrarwmmw@ht}w thesolution
contrast PHSA® Vﬁl‘fﬂl@ﬂﬂ&?@?”ﬁ%@%ﬁg aﬁa@%%” ) t%ﬁ&f%ﬂ'&? SQeEb%%'}tcBE alicyclic

refractive index as possible so as to minimize the distortion or an dptical

hydrofashga prareRrs e Rl s PehdlERnoRise e expesirdigihtetippment rate
at theifiraB M HcexRipies lhsetdsiavielenolie &Q3oAray, weatel ihpielidiatin useesity with a

_.view of easy, availability and easy handleabijlity, in addition,to the ... . .
negaeE o8 FRTCIRER TLIte ) e R R B sl i«
negatiyggabieder depreasimgamecdurface

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 (alkyvlsulfonyl)(alkylcarbonyl}imide group, a bis(alkylcarbonyl)methylene group, a
bis(alkylcarbonyDimide group, a bis(alkylsulfonyl)methylene group, a
bis(alkylsulfonyl)imide  group, a  (ns(alkylcarbonylymethylene group or a
tris(alkylsulfonyl)methylene group.

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

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

Examples of the group capable of leaving by the action of an acid include -
C(R36)(R37)(R3s), -C(R36)(R37)(OR3) and ~C(Ros HRo2)(OR39).
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tension of water and increasing the surface activity may be added in a

small ratio. This additive is preferably a liquid that does not dissolve the

resist layer on the wafer and at the same time, gives only a negligible

effect on the optical coat at the undersurface of the lens element. Such

an ladditiveisnpiaderaly, dorRexaimpRe, andeijehdtictblceipoideatingnaalkyl group, a

e, index ly equal t ter, ifi mples

eve o BT RT LpU B A Ce R gd Ror may
combigiertiéth agtiibes fodlishalriving a refractive index nearly equal to that

of wadaroeven wheR fharalgehat componerhis wakelrigpeyapaiates argliteroup, a

I ggn}ent concentration is chan%%eﬂ, the chan elilg th? refractive index of the

YeoR e g e Al b & Adv ARAGETUST At Uty Shiall: BR: the other hand,

if aldubstahdecopageablo tighipas Pedeinblpraninipesity greelyardéfietingdn group,
an acdhg é@@ﬁ%&’é@p‘,ﬂg%ﬁ%&@a%ieés@r‘@ﬁﬁ#?%tfHé incurs istortion, ofth8ertiary alkyl

optical image projected on'the resist. Therefore, the water used is
ester Hfukrably distilled water. Pure water after further filtration through an ion

exdiangsikttenomihtite sfajcalsedeatusadntivtheqgateseng invenionz thehaving a

monol #8%"8‘}33(215'7(\;’\’ fochaﬁpééﬁlfgsﬂiﬁ%@ﬂ%m&g%%ﬂgr']%fgﬁlgmgmﬁﬁ%ig%g ﬂl@reasing the

norgani bstrate s ' icon, Si coating-type T
polarifjobyaiie sGHeTE s0ckiss SOGE oriakipstiee YdsaraRy ugedmethiaser light is
irradifiB@cess of producing a semiconductor such as IC or producing a circuit

bogrd of liquid crystal, thermal. head orlthe Ilike rin ehlit 0 ralc))hﬁ/ truct d

procisd B b BRTSPSieationd dasE IS d! i SaGifadT A Brgattigeture an
being agstivafle coibmnfihensinay e forlady dutvibernetierilof andatid sherstrztBersometimes
referr&ﬁ%@ﬁ@Sﬁméﬁ‘é’ye&fm&%ﬂ%ﬁ%%@@ é@?dﬂa%_cﬂ%@ﬁ&%@ﬁé%e%iﬂlmi%%@é@@ a resin

of a 21 resist compaosition whose solubility in a positiye tone developer . X
contifigie Fo S RIS B i 5° HAGEL RS DR EIPEY BB B EREh unit having
an alityaleabipdroviitban-astinioirgypartiadsatien:d hepresistebmpasitiorewhidie following

formuFR0 BB YRRV NG PISSERLINNERION IS HeserberasioN: HAIRGHA (11-AB).
o capgtgb?l)e o?‘lgrk{lé;easing‘?%% p(%laﬁt% bé& the a%gog ofean acid1 éue resin( )
capable of increasing the polarity by the action of an acid, which is used in
ﬁr;? resist compo[%ition of the present invention, is aitgsin having a group

that decomposes by the actiorFotan acid to pragic

-

raJkali-solfote2s ©
9 &y of ifl-decompo Roa
‘*g\roup"), on eitherpne or both dfithe main chain gnd Re side chainRof the

o roubl(hereina*ft “SBmetimes_réfeemdn as
resii{sometimes refereed to as an "acid-decompdsabié resin”, an -
( pacjd-decomposapleresin (A)"(gf a Tresin (A)). The resin is preferably &
resin whose solubility in a positive tone developer increases and which
has a monocyclic or polycyclic alicyclic hydrocarbon structure and can
inCIRaee-Ne P opaity. (NGIERSE MR SeHbU L iIan alkal d8\EIPSAAR an n-propyl

decrease th :
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 Rz to Rys 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 Ryg or
ecither one of Rys and Ry represents a cycloalkyl group.

Each of Ry;7 to Ry independently represents a hydrogen atom, a linear or branched
alky!l group having a carbon number of 1 to 4 or a cycloalkyl group, provided that at least one
of Ri7 to Ry represents a cycloalkyl group and that either one of Ryo and Ry represents a

linear or branched alkyl group having a carbon number of 1 to 4 or a cycloalkyl group.
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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 after irradiation of an actinic ray or radiation

anflavthefi Rhe kedlst fildepsidievdlopeetassiry a poditgentanerdevbiepenr branched
alkyl SPSEFPRADIAD Alalh AGYEIoReN and @r%%%i%{ﬁﬁ?ﬂgrﬂ‘fﬁc%%ﬁﬁéﬁ’%@ﬁﬁﬁ%st one

an organic solvent), the dissolution contrast rises. ermore, the resin
of Roniyife ARISHEEY QS XS poREyER RicyticiMy dracBiBo RoshRiBgMgth each other to
form ggAgrally 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), ahd the developability in using a negative tone developer is
enhanced. Examples of the alkali-soluble group include groups having a
ic_hyar group, a carboxylic acid group, a fluorinated alcohol
roup, a sulfonic acid group, a sulfonamide group, a sulfonylimide group,
an [&ha/Isuffopyl)(alkylcarbonyl)methylene group, an
(alkylsulfonyl)(alkylcarbonyl)imide group, a bis(alkylcarbonyl)methylene
gfoup] a—bis(alkylcarbonyl)imide group, a bis(alkylsulfonyl)methylene
group, a bis(alkylsulfonyl)imide group, a tris(alkylcarbonyl)methylene
grdupfaneal frid{aidyis eicnyl) iR gthaylé it Jtodppchlderalkatiysotable ghydpoisen atom,
I lj j uorinated alcohol group (preferably
acyafySfRial m&)sgr@%fﬁ 8O BN B Y

Xa roisopropanol) or a sulforiic acid group. The group capable of
dedorfFBsRRBiD At &tarte rettun REidqupinzd 8B orte Bekb B grBlpogtaining two
bondadredesahiméngrooprgbtained by substituting the hydrogen atom of the
above- described alkali-soluble group with a gro P of leaying, by
e SR e b e SRR i SR (PO S Y
actipn of anyacid include - C(R36)(R37)(R38), -C(R36)(R37)(OR39) and

inde tly represents an alkyl group, 8 cycloalkyl group, an aryl
grotps-an{aralkyl group or an alke pi&36 and R37 may combine

ydrogen atom, ‘blikyl}gr&up, a cycloalkyl group, an aryl
&1 group or an alkenyl group. The acid-decomposable
Bratlp is prEfggably a cumyl ester group, an enol ester group, an acetal
ester group, a tertiary alkyl ester group or the like, more preferably a
ferkialy AlkiH Bster group. The efisI compdsition of the present invention
containing a resin (al) having a

In formulae (II-AB1) and (II-AB2), each of R;3' to R;¢' independently represents a
hydrogen atom, a halogen atom, a cvano group, -COOH, -COORs, 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 least two members out of Rj1' to Ri¢' may combine to form a ring.

Rs 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.

Ry7' represents -COOH, -COORs, -CN, a hydroxyl group, an alkoxy group, ~-CO-NH-
R¢, -CO-NH-80,-R or a group having a lactone structure,

R represents an alkyl group or a cycloalkyl group.

n represents O or 1.

In formulae (pl) to (pV), the alkyl group of R;» to Rys 1s a linear or branched alkyl
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monocyclic or polycyclic alicyclic hydrocarbon structure and being capable
of increasing the polarity by the action of an acid can be suitably used
when ArE excimer laser light is irradiated. The resin having a monocyelie
or polycyclic alicyclic hydrocarbon structure and being capable of
groupiheveasinghibenpolatityr by the &ction of an acid (hereinafter sometimes

Tef%ﬂfgr%%@aﬁﬁﬁ;gngﬁgcéilgl!@rﬁdt%’%ﬁb&'éf%s% gﬁ%&gi%@ﬁﬁ%%% rﬁfeiﬁn)cogether

IS pre ontaining at’least one

with thecigpbes iestipasTle repeetisd wartivavivglisn aegefc examples thereof include a
groupleReabaRteRANtRINBG RArtalSHdstUIRT eRraaeed b AR RNBOtIRE ricyclo or

following f ) ta,(pV) and ti it, by th
g RS ) 0 )00 S S SIS 0
preferaBhOERAGTRE A5 R1THdsR2dc RATK R 2850(p4)efeh My have @subtigned). In

form‘éi@ﬁ“é@l)&’am&R&@ Eﬁ@f%%ma@m%ﬁf&d%f%@éﬁ Qﬁhyelc%ﬂHiﬁ’L’}rf‘ngroup, a

n-propyl group, an isopropyl gréup, an n-butyl group, an isobutyl group or
noradgmantsh gt r e grakhist aHatdecarod Bioube adsRpe8F R g Ryt group,
a noreyelioatgraupdagethenwith chdopanigneatam. fagblidRiPdantla: cycloheptyl
ind ndently re resent]%&line r or branghed afléglo(?rou aving a
ast

e {
B R SR G T 0 S0k A I Db oY A et st S these

more RefereeRane 8 WdaTBtBHesPIR1 S BRIRIRIE Rk ArftEcAobyEId akgRyragclopentyl
groupEARU A RLAAR L, INgeRease i cRniaseRts Bghygsogen atom, a linear

d alkyl havi b ber of 1.to 4 loalkyl
orOE BRI e A B R R B A A Rt e gra el a By o may
furtheg oy andutiakeitibybgeal Rt9inpd R2bospresdntsd linedn.on brdpghedtom, a
hydro%kgé’%ﬁﬁﬂ-‘ thﬁ‘lé@%r%ﬁﬁﬁp AL EDRen Mok IR REEYHOBNY YRy PSroup and an

of R22 to R25 independently represents a h dro]c%lgn atom, alinear

alkox3rapPaREh &8 Hk A BB p hEVRIY 2 R BB Humbberidf 1 FHE S Qfclaairypstituent
whiclgtiotsp, PkeVigedphatlatde asignalloi:-R22501R2 Tregresentdsedikyclaalkylay further
have %?f@%%%ﬁdm%éﬁ,@h%?ﬁgﬁna O\Mtgn%aagpa%G%f tgro(ﬁ{m aring. 2 C-C

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 inciude 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 (pI) to (pV). Among these, preferred 15 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
R
H\,‘/f (pA)

R A—T—0—Rp,
O
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{II-A B) In formula (lI-AB), each of R,1' and R12' independently
represents a hydrogen atom, a cyano group, a halogen atom or an alkyl
group. Z' represents an atomic group for forming an alicyclic structure
containing two bonded carbon atoms (C-C). Formula (1I-AB) is preferably
thd fidheviong dornRuteritsaBd i by (leABR)tdR1, s Ridgen RABIoRaRiMSrRill§anched
alky!l é?od?%dﬁgé LR hhinblrAP Pxdndosmplae (AR AR (hiAPR: 58 me or
. 0f R13'to R16 independently represents a hydrogen atom, a halogen
differephfpm @3rk-¥Rfoup, -000H, -COORS, a group capable of decomposing
by the:prtientoh amakithokel(o0 i Xo &' Ritip &t alkphtoancr & eyelarlkybre groups
nd at least two.members.put of R13' to R1h may combine tg,form
selece g B S o S ISt o «
carborylawie SUrHAIrRIoNOrEprasEtne vy gefcamnide Siogr atorthangeroup and a

urea PSR 19HrNERZNEnofy BeREESENtS a single bond or a divalent linking
gr%fﬁ). Rl?'reIPresents -COOH, -eﬁ%ORS, -CN, agh dr xylg %)rouE),?gn
IRy TSROETS T BARRE FRBISCehRRS8S 785 6F ToBIEF ARG & Hctone
striititirepéaGrre prasenpscaentdidyihgrfoups oyrioatikytegpotforably a repeating unit
compdSE{ epnty 02951&yf-@fgﬂgfﬁféﬂ%zfp|e&%t§8¥&3ﬁg?eall§yl %roﬂpa&fyﬁ%-?a&%ﬁg%fﬁmethyl
a linear or branched alkyl 24 group having a carbon number of 1 to 4. The
(methigradalikyl group of RI, to R25 and the cycloalkyl group formed by Z
togebeifiovinihpl gadionatepeariay beimepasyaliedobpabiayelic(Speeificset forth
belowS AMRISS STl nglude.a, gioupdiaying,a carbon number of 5 or more
and hav ng a monocycpo, |cyclllg, tncyc?lro or tetracyclo structure or the
like. The carbon number thereof is preferably from 6 to 30, more
preferably from 7 to 25. These cycloalkyl groups each may have a
substituent. Preferred examples of the cycloalkyl group include an
adamantyl group, a noradamantyl group, a decalin residue, a
tricyclodecanyl group, a tetracyclododecanyl group, a norbornyl group, a
cedrol group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl
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group, a cyclooctyl group, a cyclodecanyl group and a cyclododecanyl

group. Among these, more preferred are an adamantyl group, a norbornyl

group, a cyclohexyl group, a cyclopentyl group, a tetracyclododecanyl

group and a tricyclodecanyl group. Examples of the substituent which the

alkylrg rheifandh k| valkyd e athCray o futtf OB VEnd clugle an RiyYland Rxb

u haV| a carb number,of 1 to 4), a halogen at hydroxyl

mdepg"r‘gﬁrgi&arr? 1 o%/sgapoup}fh vin %agglr%or?)dﬁﬁm ergée?? (()g T)t arboxyl

grayp and an alko carbonyl groyp (having a cargpn number of 2;to 6).

X les of t uent ch.these a alkox
e Hglk% carbon %fo &nd thﬁplie %a‘%h me;)ié furth gve I—é{&@jﬁ;—@-—}—

hy r%yl group, a hglogen atom ard an alkoxy group::The structurgsit
rep? ted by lae (pl) tes@)=ach can be ﬁsr the pro?eﬁt\/i:@;j
of a%%j%li-solubl up in the regin. Examples of alkali-soluble grou
incl arious g known i technical field>~Specific examples
thereof include st2 cture where the hydrogen atom of a carboxy%lc acid
group, a sulfonic acid group, a phénol group or a thlol group is replaced by
theR§tructure represéﬁted by any on of formulae (pl)to (pV). monglg}X
—%C%e%e%prefewéﬁmcshuctuﬁmr & hydregen: B?rﬁof a %bx yli
acid group or a SQFFéhIEXaCId groupris % aced by Tfe stiucture 0““? Rxa

re by any ormulaeC( (pV). The> ea |ng unit ng
an aI ble group ected by th ucture rep septed by any gne
of farmulae (pl) to (pV) is preferably @ repeating unitgepresented by;gthe
following formula (p(;%?n R (PA) A-7u-Rp1 0 25 In the formula R
regresents a hydro atom, a halogéen atom or Ilnea r bra ched
~{-CH gr%havmgﬁ%“b%ﬁ}ﬁumbe FHte Zﬁénd anTﬁPéT’ﬁ‘o% a@%ect
eamgbgr differenpfrgnreach other. OﬁFffepfe ents a $iiflebond, or & hlexa
mbina or mor@g elect the gro
conS| ing.of-an alky group, an etheﬁfgroup, a thloetxérgroup,
carbonyl group, an ester.igroup, an amido group, a sulfonamido group, a
urethane group anda urea group, ansgl is preferably d%single bond. Rpl
represents a group igpresented by any one of formulae @) to (pV). The »x

~Fomepsding unitirepresented by i@faﬁaﬂaécn@ 's mote(igfecably a repealingo——

yoi o_c O=C o=
' Rxa ! @ ! Rxa RBxa
Y @@ L b
Rxa

8]
17

15

_%CHQ—C‘}—' —{CH, ‘“C‘}— ‘{'CHQ—C—%— _{‘CHz—C”‘}— —%CH;—MC—}-
o=t
O Rxa Rxai 4‘—% ‘% (|)\{/ A@

24 25
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composed of a 2-alkyl-2-adamantyl (meth)acrylate or a
dialkyl(1-adamantyl)methyl (meth)acrylate. Specific examples of the
repeating unit represented by formula (pA) are set forth below, but the
present invention is not limited thereto. 26 (In the formulae, Rx represents
H, CH3 or CH20H, and each of Rxa and Rxb independently represents
an alkyl B¥oup having a carbon®mber of 1&4. Rx Rx Rx Rx yCH2

~ErRg—~ErRxb Rxa RxiOl2102/374 5 Rx H)x'§= X - +CH2 C~-

HCHG G- -+CH2 *CH- C~ -+CH2-2 11111 0=C RX&0-C Rxa 0=C Rxa
O__CRial? 0-I'~~7""FOt N/I"1789 1& Rx Rx Rx t Rx Rx 1
1 CH2-C'1 DHR.€~CH2 CT’ C -+CH2 C ITTfO=C Rxa O=C
RFxa/~ 0=C"Rxa O=C Rjjlxxaa~ O=C Rxa 11 12 415 Rx Rx Rx Rx
RX --CH2c-~- - -CH2- -~ *CH2-c-~- -~-CH24 44113?~ 0=C Rxa 0=C O=C
0=C Rx®0=C Rxa 0 0 0 0 O &~I -\} xa Rxa -~ 16 17 18 19 20 -~CH2

c~--CH2- -j- f CH2 c-}- -CHZ C } -~CH2C 4-
Exampleé of the alggen atom gf Ry and Ry2' in formula (II-AB) include a chlorine

atom, a bromine atom, a fluorine atom and an iodine atom.

The alkyl group of Ryy' and R, includes a linear or branched alkyl group having a
carbon number of 1 to 10.

The atomic group of Z' for forming an alicyclic structure is an atomic group for
forming, in the resin, a repeating unit composed of an alicyclic hydrocarbon which may have
a substituent. Above all, an atomic group for forming a crosslinked alicyclic structure to
form a crosslinked alicyclic hydrocarbon repeating unit is preferred.

Examples of the skeleton of the alicyclic hydrocarbon formed are the same as those
of the alicyclic hydrocarbon group of Ry to Rys in formulae (pI) to (pV).

The skeleton of the alicyclic hydrocarbon may have a substituent, and examples of
the substituent include R 3" to Ry’ in formulae (II-AB1) and (II-AB2).

In the alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention, the group capable of decomposing by the action of an acid may be contained in at
least one repeating unit out of the repeating unit having an alicyclic hydrocarbon-containing
partial structure represented by any one of formulae (pl) to (pV), the repeating unit
represented by formula (II-AB), and the repeating unit composed of a copolymerization
component described later. The group capable of decomposing by the action of an acid is
preferably contained in the repeating unit having an alicylcic hydrocarbon-containing partial
structure represented by any one of formulae (pl) to (pV).

Various substituents Ri3' to Ry’ in formulae (1I-AB1) and (II-AB2) may become
substituents of the atomic group for forming an alicyclic structure or the atomic group 7 for
forming a crosslinked alicyelie structure in formula (T1-AB).

Specific examples of the repeating units represented by formulae (II-AB1) and (II-

AB2} are set forth below, but the present invention is not limited to these specific examples.
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1Ho O=C 0=C 00YO_~~"~r--~oyo 1 Rxa Rxa 0 Rxb Rxa !'~{LJ~ gIx_-b
Rxa Rxa 21 22 23 24 25 27 -(CH2 c -(c"2" (r) -(C"2 0 0 Rx 1 Rxb 26 27
28 Examples of the halogen atom of Rl i' and R12' in formula (lI-AB)
, inclyde a chlgrine _atom, a bromine atom, a fluorine atom and an iodine
"/atom. The alkyl grglip of R1 " afd R12 includes ‘a/dinéar or branchgd alkyl
%ﬂp having ay-carbon numbenof] to 10. The atomi group of Z' f
forming an ali structure is:an atomic group f rming, in the ,
grrgpeating unittomposed of aq]ﬁgfyclic hydrocaﬁ?gn which may havg a
substituent. AbBve all, an atomic group for forming a crosslinked alicyclic

,_Structure to_form a, crosslinked alicyclic hydrocarbon yepeating upit is
of the alicy drocarbon
lic hydrocarb roup of R12 t 5in

' /preferred. EX: s of the skelt
the same ose of the alicy:
formulae (pl) to (pV). The skeleton efdtie alicyclic hy@fstathon may have
a substituent, apd7examples of aelsubstituent include R13' to R16[HH!%
formulae (II-AB 1) and (lI-AB2). In the alicyclic hydrocarbon-based

acid-decomp in for use in t t inv ar
@ble of deuf%?gﬁg by the action acid may ntainz(f@j\‘
ast one repeatingiunit out repea unit having icyclic
hyxire n-contaifﬁﬂ@%&@ructure Fépresented one of '+‘
fermulae (pl) to (m\vﬁ)gj[he repeating unit re{_fﬁeser)ted_ by fB{m&Ha (II-AB){
and the repeating unit composed of a co%{o}f/}nenzatlon component
described later. The,group capable of decomposing by the action of an
i[5 preferably co éd in the repeating™dnit having icylcic
bon-containing gartial structure repyesenteddpy an of ©
formulae to (pV). Varions ituents RE3) ~In formu gl_bf
(I-AB1) @ [I-AB2) may bei@ubstityenw of tomic group for
FBrifling ahralicyclic stidflire drthe’ atomic group Z for’ forming -]

crosslinked alicyclic structure in formula (lI-AB). Specific examples of the
repeating units represented by formulae (lI-AB1) and (ll-

Ly g %

1I1-15]

CO0 roo COMHSO0,CHy  © 0
N
[1-20] [1-21] 17-221 H C{CHa)g
[II-23)
5—%:3 R@
{-? ? % © 7 CI) 3 0
M CHICH3 0 CHCH; C(CHy ) o0 cooO
a *1"
(-24] 7 s 126 2]

8 . g g%

CoO cooJr H =00 K(
_— (I-29] (2300 _ 3] OH
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AB2) are set forth below, but the present invention is not limited to these
specific examples. 28 [lI-1] [II_2] [II-3] [lI-4] [I2-5] CI -OH OCOCHS3 [11-6]
[11-7][11-8] (11-9] [lI-ID] COOcoo coo 0 0 OH [lI-ri] [11-12] [H-13] [1l-14]

[1I-15] CH3 0 000b CO0 COO HzZC CO00-f-( [11.16] [l1-17] [1I-18] [I-19] ~/

0 Ade--aGoplicQh RIS 02GEHE ddaleeddibRablelzHio fok-AREeHnN the present

I 0 H
SRR AT B AN IS 0% e
as 10r{$1 @}t[ s3] fﬁfgqq HITBstpoHbRY T wEcxichareEydrocitbompabsted ring lactone
stmct@@ dsqﬁemﬂ@@samrssm fﬂm&%&}d@ elﬂgemmnmaﬁm@& pégfrblBINa®Adensed
ith lé;e As for, th tonef p. an rou be used as lon h
W a“’ ¥ cr%"r%‘ér%t% %t éorE} B" “’Y SPHP B %ﬂ.ng  resin
more tacfgrfé ﬁh&mm@mgmmwrﬁhelﬁgt@g}‘mpﬂméngm limgoiactonesture represented
by an?”chéLHP iRePESIR Al fomdansed cwith ap nrh qQiner ring. SUHGIUER, I theAE™ lactone

of f ormlng% a bicyclo or spiro structure. The resin more preferably has a

Structyges Ay PENROCIHERIRIFG R gid UBhAUY SMaton SRS e prsdaRfefructures,

preferbydany orensf theréstharadrigy ftymuibe (LC1-1),t(LGA,16)CTHY,QIOUP-6), (LCI-13)

and (I;\@Y'qgg é}% SR lofoidem %Bég?fgoﬁg%%glgﬁ g%{ﬂ’g tﬁl% T e&QQ'H)‘ughness and
mond the ure

actose stru
development defect are improved.

{Rhz)n

LAE A

LC1-1 LC1-2 LC1-3 LCl-4 © LC1-5
(Rbs)n
th (Rbg)nz (Rhzlnz [Tb 2z l 22
LC1-6 D :
LCI i LCl 8 LC19 LC1-10
(Rhbzins (Rb3)n; (sz)nz (sz)nz {Rb)n,
/ (Rbz)n {Tbg}ng i I
> C
o7 o> 0 a O
LC1-11 LC1-12 LC1-13 1.C1-14 LC1-15
] (sz)ﬂz
\OLO
LC1-16
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preferred are groups represented by formulae (LC1-1), (LC1-4), (LC1-5),
(LC1-6), (LC1-13) and (LC1-14). By virtue of using a specific lactone

structure, the line edge roughness and development defect are improved.
(Rb2)n2 (i b2)n2 (ib2)n2 OO jO O O 6(Rb2)n2 O ~ (Rb2)n2 LC1-1

LCIk2 ECh3GthChnt Mmblet:5@y (RhANy2nR 22 RO (RARND.  Preferred

exam;ﬂgbpz %ﬁ%ﬁé{%%ﬁ%u%@(zfigg%&&% gszEaﬂ % ){ %%%TQ c!'a%z? rlnﬁgeq of 1to 8, a
cycloglieyt -gregrchamng ee D) fmdm@ FORHERY @”eqpi@m%éarbon number
of 1 ttastomeaat«rmyuaeom@e@tdﬁpmmﬁgax B%Bﬁ%@l@@b@mUQBt&%girboxyl group, a

Pref rred of the substltuent Rb clude a havin
halogd! AR A THRRST SIS & Sy St s R p e . m
represqris Andntegkoxf growd-haWhgrancasban mtapbepfc! trtandrareach Rby may be the
same %%W&Wfr@?ﬁ%&?%ﬂ%@}@@{%ﬂ @}H@bﬁfe%ﬂtrﬁ‘ﬁ@ S GRINPYEALOHDs,) may

a halogen ato droxyl group, a cyano group andan

combige; saﬁehﬁaé%rbﬁ% TSP S

Examples of the repeating unit containing a group having a lactone structure
represented by any one of formulae (LC1-1) to (LC1-16) include a repeating unit where at
least one of Ry3' to Ry¢' in formula (1I-AB1) or (1I-AB2) has a group represented by any one of
formulae (LC1-1) to (LC1-16) (for example, Rs of -COORj is a group represented by any one
of formulae (LC1-1) to (LC1-16)), and a repeating unit represented by the following formula
(AD):

Rbg

(AD)
COO—Ab—V

In formula (AI), Rby 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 Rby may have include
a hydroxyl group and a halogen atom.

The halogen atom of Rby includes a fluorine atom, a chlorine atom, a bromine atom
and an iodine atom.

Rby is preferably a hydrogen atom or a methyl group.

Ab represents a single bond, an alkylene group, a divalent linking group having a
monocyclic or polycyclic alicyclic hydrocarbon structure, an ether group, an ester group, a
carbonyl group, or a divalent group formed by combining these groups and is preferably a
single bond or a linking group represented by -Ab;-CO;-. Ab; represents a linear or
branched alkylene group or a monocyclic or polycyclic cycloalkylene group and is preferably
a methylene group, an ethylene group, a cyclohexylene group, an adamantylene group or a
norbornylene group.

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

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

optical isomer may be used. One optical isomer may be used alone or a mixture of a
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represents an integer of O to 4. When n2 is an integer of 2 or more, each
Rb2 may be the same as or different from every other Rb2 and also, the
plurality of substituents (Rb2) may combine with each other to form a
ring. Examples of the repeating unit containing a group having a lactone
plural BireClopecibpiasentathppaimednelaftferoastaef thbihlh) deifkGhelfytiodlidener, the
| nit where at | ne of R13 'to Rig in f la ABl) or
onti e B RS et R s

(LOpetd)qRorandpple iR 3ot abQORS hedngedpcteprstanto rayeemyf@rré below,
but th@bi@r@ﬂut@eeék%% @A?ﬁh&lrekﬁme;%m a rgpeatlng unlg reprelse(ntid b%/ the
ormyla + V In formula (Al), Rho
rﬁ g‘%f@ﬁ‘t’%ﬂﬁ” H%Fﬁ{ Hgégioé%ﬁ? r an alkyl group having a
carbon number of 1.to 4. Preferred examples of the substituent which ﬂ}e
alkyl group of Rho rh have include la hydroxyl g ou én a hal%1

“CH i, The halb m of Rhé%mﬁa fluorin chlor e ét
Cpromrne atom an?fi‘gn iodine atom. “R 0is preferably d Thydrogen atog1

of a methyl group. Ab represents a single bond, an al group, Lo
Gf;ﬁéﬁ linking greup-having a monocyclic or polycyclicialicyclic COO;{J
rocarbon stru , an ether gropgp®~an ester group, a arbonyl group,

or a divalent grotip formed by comBmmg these groups @n s preferably a
single bond or a linking group represented by -Abl-C02-. A i represents a
lingar or branchedmikylene group orPa monocyclic or pol?eyclrc

E
en cyé: %Eglkylene%grﬁu@apd is pretqz@glycasrmethylenegfg yp;-an ethyleher;—¢—-

Ex

@r@ a cyclohexyléng group, an adamantylene group or:ac;unorbomyleneC o
gr up. V representsa group represerched by any one of farmulae (LCI- 1)/€¥

I -16). Ther atng unit ha tone structure-usyally has an
pt isomer, bu any optical isomer ay be used. On trcal isomer
used alone or a mixture of a 31 plurality of opt cal Isomers may

be used. In the case of mainly using one optical isomer, the optical purity
(eg).thereof is preferaaly 90 or more, jare preferably 95?§fer more. Specm@ix

examples of th eétr unit hep@ﬁ tone s aye set fortlay _c+
Iﬁmﬁﬁsg _¥g 9“ Jac : 4

but the prese@Ltpventron IS notdrmrted thereto. c¢=c
£¥< ;k (5( I
CH>GCHS
? o

mé T%} J(ﬁtﬁcr@L r\i @ m%

_o_
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(In the formulae, Rx is H, CH3, CH20H or CF3.) Rx Rx Rx Rx Fix CH ~
Fcx21cex31ex2 (ex2-) C=0C=0c=0c=0c=0 00000COC 0000
Rx Rx Rx Rx +cx2-c-1- fcx2 ¢ +CH2-c 4 cxz-c--Ecxzc) c=0 ~_c- 0 O
0 Rx Rx Fix Rx Fix E cx2 ¢ } +x2-4 +CHZ c-+ CH2-~ +CH2-c-~- C=0 C=0
C=01ChO fGminl@e) Kx jis HIHZH 9 CHDOH200H3. 0 00 Rx -{-+ - C 0 0 CH2~
CH20o0cooo RxOO Oy,, COO Oll 32 (In the formulae, Rx is H, CH3,
EH20H or CF8x) IRX RX Rx BIRx Rx Rx ECP2 C-- 4CH2 Rx 4GH2 ~~ Rx

“cH )@F'zc %JQ‘:‘%G ~Qdn, tél?ﬂ“ torch, éﬁ— {oH, é—}— %CHfé—m*w

@@/@ @f@

R
+CH;- é~}~ ~CH; é—}— »{CHgmcm}— “(CHTC“}‘ +CH, é~}~
O (CH232M0
@ Q /i KQ @ (Z\
Q
Rx Rx Rx Rx 1712)(
‘@CHQ‘(E‘—}‘ ‘f‘}'z‘é*}-— “CHyC—— —GCHTCIZ—}— A4 CH, =G
O 0 () O e} o
COOMe  © e
- Z /‘*O 5 5 5 MeO
O O Q
Rx Ile l?x ix
“eH,—C—) G HCH,-
‘{CH2$“}“ CH, T;?c; -icH }I—}(;— " -i—)—
ol o O O 0
Q H
Rx t?x Rx
%CHEM$~)~ +CHy~C—- %CHQW&)“ %Cngé—)ﬁ
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0000000 RxRxRXxRx Rx ~CH2 ~~ ~CH2 ~~ {GH2 c~ {cHz c~
4CH2-~--totoHo0to 0 00 \(CH2)2-L10-i00000 OO0 RXRXxRx x~
) 4CH2-C-}- 4CH2-4) -(CH2-C-~- -{CH2 -4-- -{CHZ-C tOto =O HO t0o O
COOMe O\~ 0 jO 1 WOO KkCN Me4 O 4 Rx Rx Rx Rx 4CH2 1CH2 C-4-
ACHIR Gredor@itR, QK iHBLo Hio, KBHYOHOr@H30 0 OH 0 Rx Rx Rx Rx
4CH2-I~- 4CH2-C-)- 4CH2-C - 4CH2 C| -~-i~~-~-"0,avo 1000 O 33
(In the,formulae, Rx is 11, Cl43 CH20H or CF3.) RX RX RI x Rx -E g4I
C~ ~3’—‘1 C 4CH2-C 4CH2-, ~O to tO to‘gvo aOé#_O | 0 4CH C~- é_}_

—H 2 ACH2-C=i A CH,—
}zo

Rx
—%CHQMCL—}‘ —{—CHQ——é—}— ‘éCHz‘é—}“ —QCHT“‘[?—}'
0
o 0
o

Rx

—%CHQMC+ _GCHZ—C'}" %CHQMJI»}“ —-CH, $+

N

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 substifuted by a
polar group. By virtue of this repeating unit, the adherence to substrate and the affinity for
developer are enhanced. The alicyclic hydrocarbon structure of the polar group-substituted
alicyclic 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 (VIla) to (VIId):

RQC@R@ Ry¢ Ruc Roc Ruc _@
Rac CN
Rgc

(VIIa) (VIIk) (VI1Ie) (V171d)
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The alicyclic hydrocarbon-based acid-decomposable resin for use in the
present invention preferably has a repeating unit containing an organic

grompiravitig 4G gGU).mavk of KerabRuaireppetihgunitpasingan hydrogen
atom, aal 'ﬁ%fSP&K}Y%FgE}??QQDJ‘ C%HS%J(&%‘,J B?&@&HQ&’ tmitaat 9(9&[?{ (9{9 ld?_ Rg?/ t&f' Rﬁ‘fr&gresents a

this repeati nit, the"adhéren o}

e to substrate and the affinlt)%f
hydroygl/a1epR hrk SARARERED The AlBGERE IVRHGCarBH Sirticnsrabsriihpidie. to Ra

are a yor-gubsiifutach aicyehiaibiidroearbam sirdghi atimprefesslhean

aia tyl gro diamantyl group or rbornane group. The pola

ara Ao S5 BB e o B TR TR Mol o o Rae e o
hydrogrbgpesnbstitthetealivpolie hydipderonatracture is preferably a partial

b four s WA/ (et 0

oc Ric C / /
V] AR RGOt St A & R4V ndBglgHabi AN ) or (1
AB2)rapsesentsia fopalesgand dipnioranhial oMy} gfote:amapbyale gfow)PRyvided group
repre@ﬂ&@%ﬁ%&%@ gt RedQiRé (ﬁﬂ??&&(gggﬂyﬂﬁw%%z i Fgfrggented by the

group. A structure where one or two ers out , 10 R40 are a
follovipgriveygrsdpUatriané Hehaining being a h)édrogen atom is preferred.
Ri¢ Ric 1t Ric

00 CoO COO—ED\
COOQRS\: N
RQC ch REC R4C
R,_}C
Rgc
RSC

(AT Ta) (AT 1B (ATT1e) (AT 1d)
In formulae (Alla) to (Alld), R, represents a hydrogen atom, a methyl group, a
trifluoromethyl group or a hydroxymethyl group.
Ry to Ry, have the same meanings as Ry, to Ry, in formulae (Vl1la) to (Vile).
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.

0" 0 e © 0 o
DD b o ron o
HO HO HO HO HO HO
o oy by
I RS QRN GRS
o 2o, o, 08 T e TR
CN CN CN
% % Q@
QM
OH OH OH

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
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In formula (Vlla), it is more preferred that two members out of R21 to Roc
are a hydroxyl group and the remaining is a hydrogen atom. The
repeating unit having a group represented by any one of formulae (Vlla) to
(VIId) includes a repeating unit where at least one of R13' to R16' in
invenfommiy (éABA poettatiaB 2hhaspacgeatsp prieséritedinyg formula (Wil))(for
example, R5 of -COORS5 is a group represented by any one of formulae
(Vlla) to (VIId)), and repeating units represented by the following formulae
(Alla) to (Alld): R '+ --~+ 4 4R4C GOO GOO GOO GOO Ric GN
R2c R2c R2C R4¢ Roc'Ric R3c (Al I'1'b) (Al'l ¢) (Al'l d) In formulae
(Alla) to (Alld),.R4 repre s a hydr tom, a methyl group, a
tnfluorometl%}l grou a hyaroxymethyl group. R2, to R4, have the same
meanings as R2c to R4, in formulae (VIla) to (Vlic). Specific examples of
the repeating unit having a structure represented by any one of formulae
(Alla)ftontal k) \aild) st fegttedzalowObut the Riesentinventiorriss ot Yidnigoh atom, a
} \ \WJPRPQ O
hydr og?ﬁ gguﬁoarpyl@%})%%‘] Q)g% }Qﬁ ng;zl_ ﬂe@éﬁtsoaﬁ M{?l l_égnh!) aﬂ:?cloalkyl

OH O I
roupiffy GRETHH-I5E KB - acih B ebompsame %S#P?:‘?lléég% PReyhEaiRd 35 a halogen

atom (puEBHtMyNay CeNRIMA FeprRaling unit represented by the following
for@&%é\({l&%ﬁ\ﬁé@ o(%)tge repeating unit represented by formula (VIII) are set forth

below, but the present invention is not limited thereto.

L L HMMM

OSOQCFS o%s {
&

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention 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 umt, 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 polycyclic
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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In formula (VII1), Z2 represents -0- or -N(R4r)-. R41 represents a hydrogen
atom, a hydroxyl group, an alkyl group or -OS02-R42. R42 represents an
alkyl group, a cycloalkyl group or a camphor residue. The alkyl group of
R41 and R42 may be substituted by a halogen atom (preferably fluorine
atom) oﬁhe like. Specific examples of the repeating unit represented by
formula ( % are set forth below, but the present invention is not limited
R5O thereto. 0.~ 8837 0 Oa-@._o NOO~NO OHNO OHOSO2CF30_S
b,@f'fﬁé’ icyglic hydroc oa- ased acid-decomposable resin for use in
R51th pres\e\nt [ ion preferably contains a repeating unit having an
aI%'Ii%-isolL@moup, more preferably a repeating unit having a carboxyl
ar
in the usage of forming contact holes. As for the repeating unit having a
carBolryBuft Rrépehtilunitinvherd dReisa g Fops s dfrachybortRglom. a
fluorite tentesinmakyl ghainp, puchids! bpeatingwrihdy BRsacsyle;dsid Dudrine atom or
an alkmg%%%r%ﬁh%@%ﬁtrg eeﬁ%'cpﬁ %Lé?ll )c’\o/pneﬁ%ig& %%gg%%%g{legrggl Qfﬁjgﬁzqg g{j 1%9
resin main chain throug Inking group, and a repeating unit where a
carb¥xyrBitiGplss intrerieaenintdiie ErmihaPsgane palgHier @hefiralyy an acid-
deconysiBghRe pRlykpeiizatiotyNiiatakor chaip, trarstesagenthayinam@icyl sroup or an
i ,alkagi-so uble group at the polymerization, all are preferred. The linking
a Oxﬁ%ruﬁnrﬁa%rﬂ € a monocyclic or polycyclic hydrocarbon structure. A
repeatindy ritdp ar BerpliRacidayrbs méttdutslidbaeitidp georetopréfegretiuorine), a
cyano 'S8 @I G¥Clife Nydrogcaibge-hased AcH-ecmpasahls el RouSSRMEa carbon

ent invention maé/ further contain a repeating unit having from 1 t6 3

pre |
““mbﬁ;%gﬂ)é?épﬁé‘ggﬁt“e’a‘% kSN ATE I P RRREIBHE ¥beating unit, the
petiornpasteerdd teanis;pfdiRe; etigeaadhion@esatimenhanced. 36 R53

—CT%E Q ilg eg(é%)égﬁt%sgn%a §M§é§/ &?ﬁm %H‘Hz!iﬁ-@%&n‘?ﬁo%ﬁb% rotective

R50to R351n y represents a ogen atom, a fluorine ato
grouporagin A/ §roup, provicledlirhtEPiRastBbrie vl REGRe RESHsYACATRsME group, an

alkox @K1 group, an alkoxycarbonylmethyl group, an alkoxymethyl group or a 1-

¢ By virtue of containing this repeating unit, the resolution increases

alkoxyethyl group, each of which may have a substituent.
The repeating unit having a group represented by formula (F1) is preferably a

repeating unit represented by the following formula (F2):

1
o~ (F 2)
O=¢
O—Fa—Fb{Fe—F1) p,

In formula (I'2), Rx represents a hydrogen atom, a halogen atom or an alkyl group
having a carbon number of 1 to 4. Preferred examples of the substituent which the alkyl
group of Rx may have include a hydroxyl group and a halogen atom.

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

Fb represents a monocyclic or polycyclic hydrocarbon group.

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

Fj represents a group represented by formula (F1).



an alkyl group with at least one hydrogen atom being substituted by a
fluorine atom. Rx represents a hydrogen atom or an organic group
(preferably an acid- decomposable protective group, an alkyl group, a
cycloalkyl group, an acyl group or an alkoxycarbonyl group). The alkyl
grqupapir&bitia Robheayliasdbstituted by a halogen atom (e.g., fluorine),
2 g oious soihplic.ang NFalobaRuL IS Hielera]
having%cérggn ?lumber%% qgto 3%1@#%@%%@13 %r%llj %%%Pg%ﬁﬂ,gar%&ohexyl
groupiiaBrEREY P8P, It is preferred that R50 to R55 all are a fluorine
ata¥pedifie ergrpieYHTURC eiespiRiedibyRnis PratambbpRRented by formula (F1)
id-decomposable protective group, an.alkyl group, a cycloalkyl group,
e se D L PSR o B A e RSy, oroup, an

alkoxycarbonylmelﬁWgroup, an alkoxymet ’ | group or a I- alkoxyethyl

; group, eag whi ay have ituept. The repeating unit having a
' roup repr‘ggqe&rﬁed%jy ormula (FI) is pﬁrféfera Iﬁg repeating unit
e %sented byCthedfollowing formula (F2)=RX 1 4CHZ I+ (F 2) O=C
-Fa-EbtFc-F1} P1!In farmula (F2), Rx represents.a hydrogen atom, a
ha Een atom or afYa up having a cafb rof 1 to 4.
Preéfefred examples o $tituent which th g&g p of Rx may
have include a hydroxyl group &b a halogen atom. resents a single
bond or a linear or brancheé:glkylene group and is préiérably a single
bond..FRQ.r S ogyclic or: lie hydrocarbop. group. F
P R b i She present
mvenjipafarabRrabYifgrEBB farepeatnetyicheviie @, Hiryehedselipsappgpucture and
not eﬂﬂﬁf@ﬁ% @éﬁ@ &begﬁaﬁm@)(ﬁyl)- Baiksep ﬁﬂtﬁﬁfgﬁeaﬂlﬂgﬂhﬁ[lﬂfeldt%@}vﬂgeout of low
cyclic rocarbon group in Fh.is preferably a cyclapentyl group, a .
ol AL 3 6 TR BI U e EBUGH B Blo B Fepiag syposre
can bgniteacidg algremplesprfsdliteddppiongmuiai(Fipchrdesdt fdathdngidwninuh Jacrylate,

tricycfb@e@&ﬁ?ﬁﬁﬁé@i‘{ﬁ@}@ &@aﬁ&%@mﬁﬁ&m ?ﬁ%ﬁl)acrylate .

The alicyclic hydrocarbon-based acid-decomposable resin for use in the present

invention may contain, in addition to the above-described repeating units, various repeating
structural units for the purpose of controlling dry etching resistance, suitability for standard
developer, adherence to substrate, resist profile and properties generally required of the resist,
such as resolution, heat resistance and sensitivity.

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

Thanks to such a repeating structural unit, the performance required of the alicyclic
hydrocarbon-based acid-decomposable resin, particularly, (1) solubility in coating solvent, (2)
film-forming property (glass transition point), (3) solubility in positive or negative tone
developer, (4) film loss (selection of hydrophilic, hydrophobic and alkali-soluble group), (5)
adherence of unexposed area to substrate, (6) dry etching resistance, and the like, can be
subtly controlled.

Examples of the monomer include a compound having one addition-polymerizable
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 to the above-described various repeating structural units
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CH3H CH,-C~-{CH,-C~-i:CF30=C0O=C OH O- O- CF3 ~FOH
~FOH CF3 CF3 The alicyclic hydrocarbon-based acid-decomposable
resin for use in the present invention may further contain a repeating unit
having an alicyclic hydrocarbon structure and not exhibiting acid

may bdeopnipmsabiity. Thanks to this repeating unit, the dissolving out of low

m%%@ra%‘e%‘?i%”ﬁ?&?é&%ﬂoﬁ%&&%ﬂ%&@d&ﬁ%@%@ sieadioyld AN ratio of

immersion exposure can be reduced. Examples of this repeating unit
respeGERHR AR AR B somfrinsd dcrnBaReRl defetryacd frsontrp! the dry
etchingyejsibexyt (falhiscryiaishilileralicyolidahy dreaasporn-hdisgdnce to substrate, resist
acid-decomposable resiq for use i thte presen inv%ntion may.con ain, in .
profile algﬂ.ger OrmidNcesS gene, a]éf.ygé]&ue ol the TESIST, Suc as resoluuon, neat’ resistance
addition to the above-descri repeating units; various repeating
and segigigbtiiyal units for the purpose of controlling dry etching resistance,

SUm”'ﬁ)’e@fr@@@%ﬂiiﬁﬁ\ﬁ?|Q_P%eaﬁtb%f@{&?%};grgb'ﬁ%%ﬁ@ﬁ&?iﬁéiﬂtﬁg&)mposable
.. @nd properties generally required of %eg(ﬁflst, such as resolution, heat
rosin [ R B RT SBhERIHY B L IR BT IR neeating structural unit

incliide, but artsinotcl:i@iti&dﬁg, aepqﬁiﬂggsﬂuﬂtuhakh@t%qomwpﬂimdilmgitocaxbon-
contaillf %H?JP&PE&&%%B?&Q%M{W&%&S%%t’i‘l£§Fﬁ’ﬁﬁt{ﬂ %@;}é@ﬂ@émm type),

unit, the performance required of thé alicyclic hydrocarbon-
preferaply REsahioosBIBE e ParEUIRAYCRE BUBifPH B AEF SBIFerfR g nted by
any ofgroffyminigdrenestypiglasadransition point), (3) solubility in positive or

negative tone_ developer, (4) film loss (selection of rophilic ) .
o e (R IS LR SLNABE Wfoula qiap) (main.

chain ypsibstrate, (6) dry etching resistance, and the like, can be subtly

contrelieginexamplasef thewenomer include a compound having one

addition-polymerizable unsaturated bond selected from acrylic acid )
oS meth BN R e g M BRI AR LTS L B). @ meleic
anhydeninpenirads;evimyl 2(retb)ang Mirydtesters. (Dyhad thyaa)these, an

adglilion; PORIGTZaRIE NS AIN BISACARPALISORAMINGHZADI WIBRG: of the

monomers corresponding to the above-described various repeaftlng .
repealipg, St Be kY B EBRERIReHoER. nRirseaRcliom 10 to 60 mol%, more
preferaytirdearban-based iaoithd edinpasapieftedity themmolansasio afol%, 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 (pI) 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 (II-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 lacione
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 1 to 40 mol%, more preferably from 5 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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respective repeating structural units contained is appropriately determined
to control the dry etching resistance of resist, suitability for standard
developer, adherence to substrate, resist profile and performances
generally required of the resist, such as resolution, heat resistance and
copol peansititityn Theprefsriediembsdiceniled te aljeypliciieydetaicdradsasdoig to the

desire?(ﬂgs'ﬁ{a 9”? Eebﬁ?ﬂp Qﬁelrlgfe {He QS&&S?%%%Q{}?&?%?%? tl'ilx%l% or less,

oliowin a resin con INing a repeating unit havi

more RiR{E5RROSH-reokitamtinepaiidl Batsciurérable S8l H?Sénéaé?d on the total
molarffifidae dPkho (péfisideshaindyrelr Ricfesakly :ﬁl@amcwﬂaﬂamo@ containing

acrylate re un|t havm stru re one.
Pt G N v 3 et DN TR AP RABRLAE Fepeting i

represayped donferthblafdirddia. (11-AB) (main chain type). The resin of (2) further
inclydes:c(3) affs%%]hﬁw&l@t IQRRANRGNIE &%@@%@&&@ﬂl@yﬂﬁ%mfﬂmﬁ exposure,

(II-AB), a malelc anhydride derivative and a (meth)acrylate structure

the regi BRFICFIBE) IS BN RN SRR SR 160 R b HEBSPATT A RS ibe resin,
theTtenteil dicthkydepaabng sid avidglanagidsdideomgaséblengroinp tise present

inven@&%f?ggﬁ%fr{%lo }&1%0%8}&1'1“{’ }? %B %[Rl*?éy {(9 %%%&96%00@8I%@le%ﬂ'j!acryhte-

more rom 30 to 50 mo ased on all repe tln'% structural
based fapsatingnaniticybic Mdratarben sasuinachitde coipbs atlle F ogithaqeylate-based

repea@@@t@m Oflihgn rRReRING 4Bl k@w&wgmaitcw@mw fﬂmﬁb@r@icm&mf}gate based
parta rucu sented b any .0 of formutla% I)

e Bl S0t J0P Aok, LT Yot ARy Heri o0 18 SO B geterably

aCCOHmEfQIpﬁ@i@Fé‘Eﬂ}Dfrbm gbal E@qafm%um&sed on all repeating structural

unlﬁt%lé ?ﬁ?%ﬁl!%‘fbf%@&ﬁﬁté'@&[‘ &?@ﬁ%@g{ﬂg&%@ﬂ@%@l@é@&@mbciopolymer
. content of the repeating uni represen y form prefera
having 4t ‘i%?‘té’é%?rha%}s PhOFEHBe HIBY i53tc§‘§%%(%ﬁ% e ?ﬁ%‘#e“epegﬂﬂg unit

havinpreferaibdpdromg? Oato(BRtheldy badededn apentipgating Stevetigradrunitgatic group
subsuﬁﬂ?e@‘ﬂ? &l%%@ﬁﬁé&béeﬂﬁﬁ%‘xﬁ‘ SARIENL oo gﬁaﬁgt'agwl LAWY, late-based

lactoné ring is preferably from 10 to 70 mol referably from 2
repeagpgHBIO BB AS I HSIBBRSARIAEIS D 50 mol%, based on all repeatlng

stradie! mip@ﬂytﬁcfrisi@@e@@ﬁb@e@mﬁ&bkﬁﬂ?ﬁi&;iﬁhﬁcﬁoﬂ&ﬁh@f to@taining from 20
o SO FREEIAUI DD B eSS AR AP
repreqﬁﬁéféréwm@n&s @b @mw&%(nﬂhé@tﬂmﬁ,aircrépéatmgS&m@i&/va}ﬁﬁhwepﬁ@ing unit
havingQNiebA thedepealindsti sty alouniibasedendpemNAmMelAhE polar group-
substittlﬂl%%egiicyclic 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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39 copolymerization component in the resin can also be appropriately

selected according to the desired resist performance but in general, the
content thereof is preferably 99 mol% or less, more preferably 90 mol%

or less, still more preferably 80 mol% or less, based on the total molar
nuiithehofihpulepeRiingrspestutal almtihepdan g@madicyaliethyl group, and Rxa; and

Rxb; bydro ‘%Qféggﬁrscgmgm%d(gﬁmelaﬁtw%;Jl%resented by any one of

formulae (pl) to (pV)a e repe nit represented by formula
RQ?AB) In the caé%e of using the reRigt composition &xthe present IPM@T[IOI’]

,{/\ﬁjr ArF exposu he resin pr. ly has no group LW of
O=C transparencyt ArF light. The 6' c&rcllc hydrocarBorbbas

Rle resin for use if lrh’e%resent inventiofis pré?er%bly a@

-decompo a

o¥i h'where all re g units ar E&n}ysed of a ( rylate- Qaeéa
tlng GRiEIin tI?%%ése the repeatirig units may b Rxa
Mefhacrylate- d repeating unit, all an acrylate-based repeatlng unit,

or all a mixturg_of hethacrylate-based repeating unit/acrylate-based
AFgpeating unit, t-the acrylate-baggdepeating unitprefgrably accgunts,
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 repleatlng units, l’lgat is, a (meth)acrylate-based repeating unit -
Fifving a lactone ring, Pr)acry té-based repeatifg unit having 71
%rgamc rogp substituted by at least either a hyydrokyl group or a c%
o7 Tgroup, a meth)aclat®-based répgafing ugit-having an 0™
0 id-decompgsable group-The copoly is prefera te ay
cgbolymerl onmeE;:Entalnmg g%} to5 9 %i. pea@,ggg
unlt having @mglicyclic hydrocarbon -cbh d|:r(1|ng partial structu
presented y one of. ulae (%l% pVv), fron}&%— 0 50 mol% of t
A]%gp](reatlng urzr\%yl%vmg a I e struct nd from 5 3% mol% of the EI%’B

eatlng unit having a polar group- substituted alicyclic hydrocarbon

&ctu guaternarf$polymerization polymer further containing
rom O 0l% of repeating units. In particular, the resin is
O/\preferabl ternary co merization polymer containing from 20 to 50
fbl% o aC)d decomposa up-containing repeating unit
esente ny one of the foffowiiyy formulae (ARA-1) to (ARA-5),
20 to %:9f a lactone group-containing repeating unit
Heyepresent any one of the following formulae (ARL-1) to (ARL-6), and

E{EIO 5to cf@%g o of a repe@ﬁ unit having a polar group-substituted
yclic hy bon structure represented by any one of the following

formuéael(é&lalﬁ:mm@&%@baw&a@r@twm@Mymmza@wmxga,otyrmﬁé present
{urther cgntalnlﬂg frogrb to 20 0l% of tln uni havgga?pglrbox

1n‘mgmﬂ P or 8 structuré repredente }E’r}?onrlr%ui)a ( c? apie, a yme?lzanon)
Examples of the synthesis method in general include a ‘oatch 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 monomethyl

ether acetate, propylene glycol monomethyl ether and cyclohexanone. The polymerization
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repeating unit having an alicyclic hydrocarbon structure and not exhibiting
acid decomposability. 40 (In the formulae, Rxy1l represents a hydrogen
atom or a methyl group, and Rxal and Rxbl each represents a methyl
group or an ethyl group). RXY1 RxY1 RxY1 Rxy 1 RxYt O=C O=C Rxal
is m@?@r&ﬁ&e@l@ perfofixail @iﬁ@ @1@( @1719: RxatiRd tielddRABLARANL the resist

3 ARA-4 AR 1 RXY1 Ryl R )
com 5 BHEBE B ERY &b e A S A B P Pt
duﬂﬁ&\ﬁ@t@w@me suppregseR~1 (c) (c) o~O P ~4 CN OH HO HO ARH-1

ARThe pfRhsiTheoalieyelioNydReriaen- basedRcidiscaenosablelssiRere such

for use in.the prese tglgve tion can he s tlﬁ/ntheslzed by an ordinar

as nifgeetlator'eAmplt, ARIES PONMENZAth) N ERGh oS Be R wtils started
using ethodriergetpralarnehidealatchpolym érigatism atbdnifiatissphaimgde).  The

1adlcghﬁ,mapm3&&9&%&%@%@@4&&%&9&5@0@1 aﬁly%ﬂ ae%matmaiﬁa&ﬁ%ﬁh%% ester

thereby effecting the polymerlzatlon and a rogg lymerization

ErOUD L HEAOLERIIIRY ArARASS ISR RS TE b SrapRise LRt initiator
includan Iﬁtmai@fsﬁbtﬁ}l’ﬂeﬁiﬂedéo|Mﬁﬂil§ﬂ&ﬁielh§ﬂ\5h¢bhﬂﬁfﬁleAadf@pﬂiilﬂ&:lhyl 2,2'-azobis(2-

merl ation etho referred. E Ie of the re tlons lven
meth)ﬁr% ] u%l(em?eﬁ ’Ig;' f d5& aé((? & 1gt rSPedt c& After the

ahydro uran, loxane, ethers sich sopropy eth

comp|esiomes waehoas thﬁelwaﬂtéqudémné drieeadethi @s@waek@ﬁrﬁ]@ﬂ dﬁﬁé@@oiymer
is rec@@&@@%“@%ﬁa@ﬁwu@?ﬁgaﬁ%w@%ﬁmig@iﬁﬂ%@@% ICh@R% reaction concentration is

[formami |me tamidg, and the later-described
from g&ﬂ%ﬁ? %@re%?%ggf %}l/ §i/t‘ion of the present invention,
suc%asmmém@wmemmwmﬁshfﬁomth@rtadét&‘té profeybbhe flyadl0 to 120°C,
more FIRRLMSV GLBERANGeYclohexanone. The polymerization

The purification may be performed by the same method as that for the resin (C)
described later, and a normal method, for example, a liquid-liquid extraction method of
combining water washing with an appropriate solvent to remove residual monomers or
oligomer components, 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 filtration, 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 is 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 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 capable of
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41 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, production of particles during storage can be suppressed. The

polymerization reaction is preferably performed in an inert gas
increagimogphettasivebvaghaitiogencing argon pAsdabine 430 Iymesizationng an alicyclic
nvarol QR e pRIGRalR) S Sarted wsiig A conmedly e Rl

. ?el%li%tar weight of
radical initiator (e.g., Z0-based initiator, peroxi € radical Iniuator Is

6,000 srckestnl Bpine eapalle @ infracssinmthapdlzoth dsdbsnriianohaviagidn

ESEhRIERNAE YAILHY QMO CEnTRNINAXYY RS IRferRUnPA8IRI @Y the radical
o exan%gles of the initiator, ngiclgrfg%azob|S|sobut¥§rQn,tr.|Iel, {oht
initiatQr Ay it b, APRARS EE Rl O BHHEIo alsHlstD atasthy i BRIFGEY. Wei
becorTdsesinititor iQaﬂdedeadnﬁﬁohaﬂy.iispdmibﬁrﬁslliﬁidgﬁodzdnmmrenlethod or the like
disclo%@ﬁnmeﬁip—q&@j(5@@@%@0&?{15@8‘89%%9%1? iR %iaﬁfﬁ&(ﬂ "EHQ i éYﬁﬂI’%rﬂdalso be

the desired polymer is recovered by a method such as powder or solid
reduced by Eppinth bt eROH 8 RIdAE £06H #0950 sHALLYAn B it RBR)on when
synthégdring QHoradmass%. The reaction temperature is usually from 10 to

1506 prefetably from 39 (4206, aredeiarably f1om, 80,0 490G Theaverage

purlﬁca lon may be pen‘lormed y the same method 48 tha If(&)grtt eres g
moleqdyr qeehibaad dher dapral tormissassthsopfeteardniviacs llegiidnigedde roughness
can b&xtmetiemmathod of combining water washing with an appropriate

solyent to remove residual monomers or oligpmer components, . .

R B A S B B L P i RO 2l vse in
the prasehtenveuing didyndrolymis dutivingoamsidoulas prefgtablowerthah @ 99.9 mass%,
more PRAEIIGIMAIRCHIRIRIBhh A PraCRItlian method,qhagding dropwise

he resin solution in a poor solvent tg solidify the resin in the poor solvent
andtrBrely S BUE e PR AT S SR TR PReUSSH Lharist of kinds of
resinsmeihbd inal dokdstatasisich as washing of the resin slurry with a poor

So"‘f%gt Qiflt cﬁ%pﬁ?éﬂ%’c’&h%%rﬁ%ras%iéi“acm -Xep:grﬁm I%Yg q"eg;ﬁetfg\feilgs%t. in the present
_ average molecular weight of tﬁ_e resin for use nst%e presentinvention is~ *
invenfiparersiiablpovvaiss sonibie we fEraBigoRorrMOO0vis s, 0D oo BMpibbiey with the
resin @aferably from 2,000 to 3,500, in terns of polystyrene by the GPC

o R LSS R S SR 50 %R

I ress, rou n
dispéssitys(sholeoplesitiveigt tistriiston inwinm ipleferabipmioondesspable of

generMRNE P 8GRIy LiR-818Se vl MAUSiRIEIR PN MR HESSASHRS referred to as a

dispersity is smaller, the line edge roughness of the resist pattern is more

"Photpid g3 Chedik P IIRBELST the resin for use in the present invention
is (Ahcapiestioracid 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, JP-A-62-69263, JP-A-63-146038, IP-A-63-
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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 42
16345ihcrRasing- 156 §idl arity By AR actia2 @f raayvdeidyspdeferably (a3) a resin

hayi |cycli a r ersit 1 .
el oI or L Sob BB S oy I SIeEE g
descrlh?&eﬁgiﬁg%ﬁ@lﬁolarwm?ﬂﬁ%étﬂ%ﬁﬁrﬁ%iEuwaﬁdTét?@r(aF%&?@Rt@aﬁ also be
used. be controlled by adjusting the amount added of the radical initiator, and
as %gglgg%%dggd ofctgle i?itia{or magerial is larger, the m etcular h an actinic
welg buo PSR o LR SRR 8F e Sy g with an actin
ray olpriginérizatiemednad drevetifoudiciopechimigh Ay 2004120009 feapwec (Z1),
(711) 4regs@hd in addition, the dispersity can also be reduced by raising the
proportion of the good solvent for the resin during precipitation when
synthesizigg the resin. In the resin for use in the present invention, by
combininhg the weight average molecular weight and the disper, itydn
Rresggg;;ge preferred rangeﬁ the_ﬂrile_ ge roughness can ts)@ €
#8iuced In tHe resist compoaion 'of THresent ianQtjngtﬁ %J‘m‘ﬁzo?
all resinz% for use in the present invention blended inthe enfiie O
compositigg is preferably from 50 #5799.9 mass%, more preferably from
60 to 99.0 mass%, based on the entire solid content. In the present
inventidd, one kind of a resin may4id used or a plurality of kindd bf resins
may be used in combination. The alicyclic hydrocarbon-based
acigrdeeemiaogableseiin fatugerntha@rRsgnindRyendianipraigrakits an organic
contains no fluorine or silicon atom in view of compatibility with the resin
p(D). (B) Compound capable of generating an acid upon irradiation with an
acthiceayesmiadiation-mFisteppbisiccompositioh pfafrerptesennidveritioreol include
sulfork@NRINS 2 GPFBRPURD LARRNIR QikgRREMRING ARG BRoR; Ao Wihnethide
. ctipic ray or radiation (sometimes referred to as a, “photo-acid . .
amon;ﬁﬁaéra?fﬁ- 3 bon&r%?(%}“}?fﬁé’?fﬁ?fﬂ?— ctf JEREHEGMORICATEAN g @ carbon
atom.used may be appropriately selected from a photo-initiator for cationic
ph%@g%ﬁ?{&@&fg}nﬁ %?éﬂ'ﬁéﬁ%sf‘&gﬁﬂ@%i%ﬁ? 9&%‘?&&2%%0{Pfeafonowmg
photodecoloring agent for dyes, a photodiscoloring agent, a know
f"m‘%?ﬁhpound used for microresist or the like and capable of generating an
acid upon irradiation with an actinic ray or radiation, and a mixture
thereo_f. Examples thereof include aﬁegg@lén salt, a pho%@%@@jzsalt, a
sulfonium salt, an o

RS04 Re~CO, >N @ RC4802"\f ©
RcySO; ResS0,

grou

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-, -S03- and -SO,N(Rd;)-.
Rd; represents a hydrogen atom or an alkyl group.

Each of Res, Rey and Res independently represents an organic group. Preferred
organic groups of Rcs, Rey and Res are the same as preferred organic groups in Rey. The

organic group is most preferably a perfluoroalkyl group having a carbon number of ! to 4.
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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

polymenddteexamplemnbampo dinads desgribdthingth® Ratead By8ABb3ming Res and
Rey m@l%ﬁ&agh Qe tnéé%épzlaonzi AP a%]@?fé?ﬁ%?ﬁ; PRIy ﬂ]t%?‘g%ﬁylene %(E)%ngaving a

P-A-62-69263 A-63-14603 -4316 452, JP-A-62-1
carbo‘éﬁ%@ﬁ@%%-@éf%@l@?fﬁ%‘?dbe used. Furthermore, compounds capable of
geNBEAbNG: A0 gedﬁ;bmfwcefa‘ﬁatmgliwu{@geﬁscgibﬁﬁuieﬂﬁmei@d@oim zhh%ikyl group
with 15: tFn%g’l’EZcZ? b7eZ§ asrtlj %%egm il u%?‘rtn%aza?i f2 or SN0 also e usf‘eu or a fhen 1
m ounds Gapanie o erating an aC|crinupon irradia Jn fith n° " @ pheny
group&@ﬂbﬁwu?@@w ﬁaﬂl&ﬂm qﬁmfewe@ farerthékzbanponndSrepitse nfduh ipghe fluorine

atom [R/IPWiRGIMRLIES LN d 4L ZiD: a%%pﬁ&&@tgdmﬂy% 820& ditoxwith light is
4-1+-R205 206 ) 110 R207 R203 X ZI Z]JI ZIll In formula (Zl
t ﬂn{)g o form aring,

R2
raised g ‘b@r%?i‘ﬁi“’ﬁ AR ES03 inti8pEMABAT ASrESe RS &
the agdoypoheepresentsatod nyrurciemdiitioaniort, Bplk psezfasrc&ﬂaemathplmsnmty is
enhangggreof include sulfonate anion, carboxylate anion, bis(alkylsulfonyl)amide
anion, trls(alkylsulfon methide anion, BF4 , PF6 and SbF6 . The anion is
oretBFAALPSR BrgRsicotihsPE s sHY s oon RatoArd e dregerpadly from 1 to
30, pr@f@@mg aoian irchgdes organic anions represented by the foIIowmg

for ylae: R%’:SO gﬁ&SOZ 151739 re08 e in 2fo %ruclme nd the rin

RC4‘§%)IB?P EH3Mh° é“&% CPenf)res%n S &ﬁnoaréla% 2 “The &
may CoRiRInieypalipcofaReninciudesaienoraanitey houd.aving ¢ é@rbbw mmbenyl group.
Exam@fe?} I the group formed by combining two members out of Ryy to Rpgs include an
alkylene group (e.g., butylene, pentylene).

Specific examples of the organic group as Rap;, Ragz and Ryps include corresponding
groups in the compounds (ZI-1), (Z}-2) and (Z1-3) which are described later.

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 Rag; to Raps in the compound represented by formula (Z1) is bonded to at least one
of Rag; to Rypz in another compound represented by formula (Z1).

The component (ZI) is more preferably a compound (ZI-1), (Z1-2) or (ZI-3)
described below.

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

In the arylsulfonium compound, Rzo; to Raps all may be an aryl group or a part of
Rag1 to Rags may be an aryl group with the remaining being an alkyl group or a cycloalkyl
group.

Examples of the arylsulfonium compound include a triarylsulfonium compound, a
diarylalkylsulfonium compound, an aryldialkylsulfonium compound, a
diaryleycloalkylsulfonium compound and an aryldicycloalkylsulfonium compound.

The aryl group in the arylsulfonium compound is preferably an aryl 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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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 -0-, -CO2-, -5-, -S03- and -SO2N(Rd1)-. Rd, represents a
arylsulhiycifogecoatpoarat bas atkylognoop &rgthroffRc3hdedvandrRese aryl groups may be

the salRAEPaNESALly represents an organic group. Preferred organic groups of
Rc3, Re4 and Res are the same as preferred organic groups in Rey. The

orgHcARBLB IR okhishefsr Bty CAtp e FitsisRtkying bt FRAS g WA rBempound is

preferBbi Eefr@ﬁﬂ.dﬂ}ﬁaﬂéh&tﬁlé}ﬂ dRaf mMaheambineia @i oindo T1E g@WRamples
thereoplqcﬁl%c n|n RcB anﬁi Rc4 mcludes aIk Iener9 an an

rou ﬁéﬁpugrgalﬁy?gﬁéa SNG4 car IO8Baf SFC butyl
groqu at@bb@fﬁ}@@u%e organic group of Rci and Rc3 to Rc5 is partlcularly

prqﬁ@@ﬂl@ﬁ@k@&uﬁ%ﬂﬁt%tbl%gelﬁog%@ﬁ{% n&%ﬂp%w&yuﬂl compound is
&nne at m or.a fluoroalkyl group, or a phenyl \;1 %substltuted by a

pfefefﬁ i E A a SRR BIRA G B VIHEP T A 2 AudRAEXatBRies  thereof
includa ﬁwgwqbkmbglrgrqmm@cidhymf theuaciddgeograieck ypaougradiation with

lig fi ve. as

el i ABEEOAT AR YRR B 0RDF o0 IEHER R TR Y have. o

the SWPﬁéeaﬂaﬂbrﬂwmgafqgnaﬂfgém%ﬁﬁeaaeﬂgmvﬁgp@ bArasceaarbAB BapHgs of 1 to

15), amymbakpf theuprganisgnaup, asciR20Ak R 20313 khiR303 isageneraliybbost 1 1o 15),
0. Two,members out of R2

an aryP dﬁo (x{aferab%fr}%m&n ahy%t &lgougnhén{hnegr a catbon nu gl tOfR()z ? ﬂl yan alkoxy

O form rlng struc g may contain an oxy

groupdf@ﬁﬁ@@ﬂ&@r@@t@ﬂman sy bavig arparhmermﬁ@wﬁlcmdémya @x@g@en atom, a
hydrofempigs #f '&hﬁf\g 9183@%%% bym%ﬂ%é\ﬂpﬁ‘ﬁmﬁ%ﬁig’% ALk Branched
R203 include an a ro S) % % ent lene), Specmé: ber of
ok Bl BT SIS GRob L S0 193 £ e rbon number
3to léombnaﬁgﬁgagchnqbgmyhhccdhmmdspﬂﬁhm)qgmeﬁ)tmmdl(ﬁh%&)whilctb 12, more
prefex%g?ydﬁ"?‘%rﬂgﬂdglx%tl% Hé‘vﬁag%@a%&@ igyhBe Sreompeundhaying. & OB}H{& Baving a
by formula (Z]). For exa n

of structures represente é)le the compou

carbopagnRen olrifotind HisviHGSH e tictnng Rherbstituieddeciy R thise members

Rag; tR203 Idirtﬂﬁ;CGmpﬂw&dﬁe@Ite&ﬂhtﬁdlt&emew|m%hblﬁr§30ﬂd€tﬁdee|$&&Tre Rao; to
one of 20| to R203 | oth r.comp d repr ted b formul Zl).

Rans B S B e G BBy B g e o

gmupdescnbed below. The compound (ZI-1) is an arylsulfonlum compound

whete ablepstane DER2Q14Q QB uBIsFMUig éZbbig @iV ALY Rs habmpound
Wheresea%lgo ?{ﬁn’% P}%\égﬂ%af% E{lsu&‘i?' eggxfgenﬂy 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 Rag; to Rags generally has a carbon number
of 1 to 30, preferably from 1 to 20.

Each of Raog to Rags is independently preferably an alkyl group, a cycloalkyl group,
an allyl group or a vinyl group, more preferably a linear, branched or cyelic 2-oxoalkyl group
or an alkoxycarbonylmethyl group, still more preferably a linear or branched 2-oxoalkyl
group.

The alkyl group as Rag; to Ragz 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 Ry to Rag; is preferably a linear or branched 2-
oxoalky! group or an alkoxycarbonylmethyl group.
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cation. In the arylsulfonium compound, R20 to R203 all may be an aryl
group or a part of R20 to R203 may be an aryl group with the remaining
being an alkyl group or a cycloalkyl group. Examples of the arylsulfonium
compound include a triarylsulfonium compound, a diarylalkylsulfonium
coffipouydoaharytdial kgl Sukfo iR, comipdend cac dialkytpctonl prttatidhyumyving a
- idi ulfoni he ayyl '
e ot o i by STorb By i Dl R 1 roup
as Raogyf8dipamtinielSHpl & FOGHS Sraxpaierbdisi®yroup such as indole residue
andpyIieder, nesiskied 2 m@@mief@lrfmmm@m gﬁ?ﬁlq&mapmm@ﬁdel?ea group
._In the case where the 45 arylsulfonium.co as two gr more ary
having G e e PSSR e S s e
alkyhgralipxwhgepuis preserallipdesirbonimtbdgngsuifoniufeaommpdundigludes an
alkoxP r&fﬁf&@'ﬂéﬂt‘é‘%ﬁ%%iﬁé@ chad Alkharqun haying @. g?}@@ﬂﬁk@ Qﬁ{o%,lﬁfbpoxy,
15, and examples thereof include a methyl group, an ethyl group, a propyl
butoxy, BEMOXHn-butyl group, a sec-butyl group and a tert-butyl group. The
cydealkyRyroupcivimal ts fredentubdasired; ynithd euytsstibaniumalkoxy group (for

0 | r vin arb 3

e e Bl e e e SRy 2 eyano
group G PIERE@ AW clohexyl group. The aryl group, alkyl group and cycloalkyl

gf roche Qfoﬁx.%@&ri@ %{2?3 %@%Wbﬁ&&e@?sﬁﬁ@e&%ﬁﬂiefml@ﬂiﬁ;&%ﬂmw(ZI~3),

for example a ro aving.a carbon number of 1 to 15), a
and thg%ﬁgaﬁ% g"r%‘bQ“ﬁ&xé%a%ﬁgf‘e%‘%@é%‘é%lsa%#ﬁu f%l\ﬁahg a carbon number

of 3 to 15), an aryl group (fdRexample, an aryl group having a carbon

number of 6 to 14),@n alkoxj group (for example, an alkoxy group having

a carbon er ofiil to 15), ¢t halogen atom, a hydroxyl group or a
phm BLoUp~The s stituEﬁTﬁpa,preferably %11_ or branched alkyl
group hj Y ckoalky¥group having a

g)n mber of 1to 12, a cy
woer of §5 12 Rr linear, branched or cyclic alkoxy group

hgﬂﬁg a c¥rbonRefber of 1. to 12, Mmore preferably an alkyl group
having a dRifzopn 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

mefy qg{ﬁiuﬁz&%gﬁﬁ&gﬁ gf @a%@%%%gggé%ﬁﬂ?%%ég&ﬁg Bhf%?ﬁrogen atom, an

~_members. In the case where K201 3 are an aryl group, the
alkyl ginyanit ey paliedraraly AL pkO A AR BE B ABthe aryl group.
Theesmpeundid IR2) isdesedbedybelnsschbechvapatonda(dh2 hisakyl group or a
| c&rqpound
cycloalKyt'group.

Each of Ry and Ry 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 atom, a sulfur atom, an ester bond or an amide bond. Examples of the group formed
by combining any two or more members out of R;; 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 (ZI).

The alkyl group as R to Ry, 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, ethyl group,
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where each of 8201 to R203 in formula (ZI) 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 R20j to R203 generally has a carbon number of 1 to 30,
linearprefesabiy drpropl tgr2Gp Hachos820ide: RROF isindeped dizetly prefenabdd pentyl
groupz.n alkyl group, a cycloalkyl group, an alkyl group or a vinyl group, more
referably a linear, branched or cyclic 2-oxoalkyl group or an

alkdkgcaitioriirheteppgio b $8IRmorsiyasrerapTy aaikBagiorpraisépiably having a
carbor 1Q4ABHAL greupcelhecakivherorpae IR0 R203 may be either linear

or hranched and includgs a linear or pranched.alkyl group preferably.
b SR BT 5 T RS B TGt AR QoA Ryt mcludes, fo
examplgnayl iy algly fovpras R0t REZOS i préfei@pyedelimdgraoinear or branched

alkoxPraaaRec @n@xaliod.oraumar &M alkaxyearbanylmeibyl Geomp efh@igh%oup, linear
or brq% IF%%kayl group as R201 to R203 includes a cycloalkyl)?roup preferably

RORGFH GHHBNIBEROPE 81 EE. §U Ry SHR RN S Rty pranched pentoxy
groupfosharaydyclihelkycloatkyighavimens R2Bdnto 283 isfFretetatdya cyclipentyloxy,
cyc}ogé%ﬁﬁ )>_/I group. 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
abdveaBe b VR shcyEp kR gréuisT e alkiesgr grbbperrhsd alkyl group, a

cyclo@lkff;xgﬁ&ﬁb@aﬂ mgthy| @g@%ﬂ&ﬁdg %9&,?@ aﬁi&ﬁ@( i@ic‘éugeﬁh@fbf@ﬂl@%h XYaBHOMBompound
refera aving a carbon number.of 1 to 5 (e.q., methoxy, ethoxy, .

wherd Y o o 10 e an e 5 Bt R B ks o
this chysarmetiogethatoriyihitalikoxy groept(tormexampheneet atikdxgegrsaiionasfnparticles

during&@@mgymﬁ%g&ﬁ_l to 5), a hydroxyl group, a cyano group or a nitro
groyp. The compound (Zl-i%dis a compound represented by the foIIowingr
forrifef (211870 Shit i Rla e SiipB it han thg 3'prieraySifonitri salt he alky!

groupstagctBre. /Rt R1c B HpR2CabBA\RY (Zled) 0RECaRMEIRIDORELX R4cup or an
alkoxg%g%&g}é@é%leﬁgﬂqu R1 to R50 independently represents a hydrogen

The cycloalkyl group as R, and R, is the same as the cycloalkyl group of Ry to Ry,
The cycloalkyl group as Ry and R, is preferably a cyclic 2-oxoalkyl group.

The linear, branched or cyclic 2-oxoalkyl group includes a group having >C=0 at the
2-position of the alkyl group or cycloalkyl group of Ri to Ry

The alkoxy group in the alkoxycarbonylmethyl group is the same as the alkoxy group
of Ri¢ to Rse.

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

In formulae (ZII) and (ZIII), each of Rau to Rugy independently represents an aryl
group, an alkyl group or a cycloalkyl group.

The aryl group of Rogs to Ryo7 is preferably a phenyl group or a naphthyl group, more
preferably a phenyl group.

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

The cycloalkyl group as Rap4 to Rogy includes a cycloalkyl group preferably having a
carbon number of 3 to 10 (e.g., cyclopentyl, cvclohexyl, norbornyl).

R204 to Ryp7 each may have a substituent. Examples of the substituent which Rogy to
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alkyl group, a cycloalkyl group, an alkoxy group or a halogen atom. Each
of Ric and R7. independently represents a hydrogen atom, an alkyl group
or a cycloalkyl group. Each of R,z and Ry independently represents an
alkyl group, a cycloalkyl group, an allyl group or a vinyl group. Any two or
Ragr dacrermembersmelidef R0 R @oapd fapaiasfiR, andaRy paysdmbing a carbon
with h other to for ring structure, respectively, and the rin .
e B L ISl 1 S BRI i g carbon

numbghyitid tsohd. Bxambseuef tee grauplforn ey bgreeribining apgrewe wrmber of 6 to
15), amQIRIDEIIIRFS(QMt SfaRblelafR A1RER DA Rav BRCaRYIPGIUEE S PWYIERS 15), a

c{}% entf}llene groyp. X- represents a non-nucleophilic anion, and

roup an
halog ‘3‘(3@5’1@% 186 SRS AR ED ML 8 e non-nucleophilic anion of

X- K fieprast(@) ndirewlieppgrooprasRindo K10 saa be theeamenumanghide anion
of X BPEMiREl yfor example, a linear or branched alkyl group having a

carbon number of 1 to 20, preferably a linear or branched alkyl group

havitg o S 156HARHABR PP G Of2EGEH A ARl BPODHathgiigiotih aryactinic
ray olin@aiativhyanehetdrapyupgradp, fingrf andaicied kutyogrdpranddinear by the

or branched I ) ycloalkyl group as Ri. to R7 includes a
ol S o TR

alkyl group ving a carbon. number of 3 to 8 (e.g.,
cyclopentyl, cyclohexyl). The alkoxy group as Ri, to R5, may be linear,
branched or cyclic and includes, for e@ample, an alkoxy gr@ups@z\‘d &
carbon number of | to 10, preferably ajlinear or branchedyjalkoxy group

ving a sathop number.,of-&tn, By(s\ch as methoxy group, ethoxy group,
}Is}r? g@%r%@%cﬁ@d propg% g%lﬁ:)), ling@r or branchrgl, plUtoXy.geoup and
linear or branched pentoxy group), and a cyclic alkoxy group having a
carboRdmber of 3 to 8 (e.g.Z&¥clopentyloxy, cycl.ohexyByy). A
compound where any one of RI, to R5, is a linear or branched alkyl group,

2 YCIBAMLETOH P nenl hianahod RYCHE KA AR Sepresents an ary!

preferred, and a compound "where the sum. of carbon numbers of Ri, to
gOUPR50 is from 2 to 15 is more preferred. Thanks to this construction, the
solBbjlityeimeacstivmntlis hposaeahanesd andgeneration of particles during

Stogagg @f%‘ﬁ%&%ﬁsﬁ&}) f&?ﬁﬁé%e%[fi}‘{’eg\p%@ﬁt@% 51%@ %%1 a'ﬁhe%?@l;@?oup or an

alkyl group of RI, to R70. The alkyl group as R. and efera
electrpeyibgrBYERSIERNP- oxoalkyl group or an alkoxycarbonylmethyl group.

Ryog is preferably an aryl group.

Rygg 1s preferably an electron-withdrawing group, more preferably a cyano group or a
fluoroalkyl group.

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

The compound capable of generating an acid upon irradiation with an actinic ray or
radiation is preferabl.y a compound represented by any one of formulae (Z1) to (ZII).

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

The compound (B) preferably has a triphenylsulfonium structure,

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

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

upon irradiation with an actinic ray or radiation are set forth below.
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The cycloalkyl group as R. and Ry is the same as the cycloalkyl group of
Ric to R71. The cycloalkyl group as Rx and Ry is preferably a cyclic
2-oxoalkyl group. The linear, branched or cyclic 2-oxoal.kyl group includes
a group having >C=0 at the 2-position of the alkyl group or cycloalkyl
of % 0.R7C. The roup in the alkoxycar @etnyl grou
(@Ai%sa?ﬁl %he alkoxy g %Rt 68% RX and R g03
preferably an alkyl group having a carbon number of 4 or more,
preferably 6 or more, still more p rany 8 or more. In formulae (ZIT) and
each of R204 to R20 ndentlygepresents ar(t@zggmé BSO;
(@'@ou‘bﬂfﬁsg%ycloalkyl g@ e aryr\%:]roup of R204 Tis
preferably a phenyl group or a naphthyl group, more preferably a&g}enyl

gro@} The alkyl group as R204 t R207 may be linear or branched and
includes a linear or branched alkyl group prefegably having a ¢

berof 1toy , methyl, ethyl, propylputyl, pentyl), The oalkyl
(gs_e X4 7 |n§ b Cycch@aup pre :@ BVINOORF ;504"
arboh number/8t 3 to 10 (e

= cyclopentyl, ¢y éghexyl no ornmzm

to R207_each may have a substrtu Qg Exampled$ 8f the substitu
R204 )48 R207 each may have |nclude an alkyl group (for example
alkyl group having a carbon number of 1to 15), a cycl roup (for

ke g{g@ﬁ;yl Yawng a.earh ber o Fan ar
@Fg(foﬁgmple an p ha\ilr?;;]r a%?ggrar number 0 63t0 1hs
alkoxygegup (for example an alkoggyoup having a carbon nunej of 1 Q
to 15), a halogen atom, a hydroxyl group and a phenylthio grou X"

resents a non-nug @a hilic anign apd is the same as the

JT= f X" in foripsda (ZI). O the c
‘@\’ +an abi@afp 'U‘ dfation _@—Pzi drasS

present{aq {Ey the }'--.. ing formulae (ZIV), (ZV) and (Z OzR
A. N 20a ‘Ard S02 S02 Ar4 R208 S020 N~A R210 R209 ZIV ZV 0 zZVI

( S* C4FeS0s Q—@-s* C4F3S05” —|—< >‘3+ C4FgSOy”
“ O O

(z15) (z16) (217)

BuO—Q—S* C4FeSO; ("‘}’"@)"" % (“}‘@"+ C4FsS05”
2 048
O Yo

2
(z18) (z19) (220}
K F Q ©
(O es e (O L0 O oo
z e
F F
(221) (222) (z23)
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In formulae (ZIV) to (ZV1), each of Ara and Ar4 independently represents
an aryl group. R208 represents an alkyl group or an aryl group. Each of
R209 and R210 independently represents an alkyl group, an aryl group or
an electron-withdrawing group. 8208 is preferably an aryl group. R209 is

preferably an electron-withdrawing %oup, moEge preferably a cyano grou
@ 2 uoroalk@%ep ts fan alkylenfe gé@}a an alkenyj eneS
an arylenegr The compofd cppaple of gene g aifracid
apPssosdiafidnS@t an actifid saPor radlat|* : s%&&i@%ﬂbl ommﬁysﬂg,

sented by ny.one of formul?gzgl) to (ZIII) %e compound ﬁ%
ﬁe rablyaco emd capable of generating a fludrine atom- ¢ nt ining

aliphatic sulfonic aC|d OoBa fluorine atom- cont%mng benzenesulfqgic acid
ongjiradigtion with amactinic ray or radiatigh. The compaqad 8) ©
era as a ISLﬁ&F@Em str e. ml‘fé-SOmho B) I@-O-§-C4F9
m trlphenylsgh‘onlum salt comjoun; havihg a O
quorlne unsubstitute yl or.cycloalkyl group in the cation mme%/
Pé’f?i%)ularly preferred r{‘ﬁg’@s out of the co&ﬁﬂunds capable oftz32)
e ratlrzg an acid upon |rrad|aj|on with an actinic ray or radiation are set

E%b é9|a‘3@|§\( Z% s+c s 3’¥8§@g§7:§g%

35+CC6F13803 (z4) (z5) (z6) (((~) j\} ((~\)J }- CF3'V~/ 3 + 03S (~J/ S+
035§+ 06F17SO3 3 CFEz34) (27) (28) f/ (~1~Y429) V/ S+ C11F23086)
(aS+ C2F5-0O:C2F4S03 | V/ $+ 3 3 3 03S (z10) (z11) (z12) 0 FFQFF

5+-as- o--sz’gO§$F asS-<:~--S+ o%s 'C4F9 N o
sy-O-§-CFs
CFa c F 0
(238) (239)
o
CF .
(HscHchzC S-0. N&@ /) SO O‘k,@
C4FsSO;
0”75 CH, F3803 4FgS03
(240) (z41) (z42)
o)
0 &
ﬁiﬁ
C4FsSO3”
C4FSO;5”
CFeSOs . (245)
(243) (z44) z
OH
C4H9 C1szs o
89 C4FgSO4
4rg 3
O)\/ Calle @/“\/ Crafas 045-"9303" )
C4FsSO3” C4FsSO5
(z46) (z47) (248) (z49)
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a0 O F F 1/ ~)\j~J~ 0=S-C2F5 ((~)~}~}- 0=S-C4F9 + ONS-C4Fg O/
ONSF_3+ONSCZF5V~/3S+O0OFF 0011 (z58) (z59) (z60) 00
FFFO | ON S+C4Fyso3 F (/-\ S+ S.N--S SO 3 FO OFF FO (z61) (z62) O
(/_\ g+ 03S- f-{-OS-ND (/ \3 035 SO N~ O (z63) (z64) O __ (/\3+
-035 F4-11-SO-0\/ (/_\ 3 + -03S+ +O O FFF (265) (z66) 52 C2F5 C4F9 0
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sS9536-0S0C4Rg @, M0 0s00 b 0=5=0 CF3 C2F5 C4F9
§8) 9);:q13a @RF5 JE2F50_8&00 N 0'S 00 I b /it e C-S-C2F5 p

O C-S-C2F5
{z78)

One of these photo-acid generators may be used alone, or two or more kinds thereof
may be used 1n combination. In the case of using two or more kinds of photo-acid
generators in combination, compounds capable of generating two kinds of organic acids
differing in the total atom number except for hydrogen atom by 2 or more are preferably
combined.

The content of the photo-acid generator is 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 alkoxypropionate, 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 monoethy! 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 monopropy! ether,
propylene glycol monobutyl ether, ethylene glycol monomethyl ether and ethylene glycol
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
B-propiolactone, P-butyrolactone, y-butyrolactone, o-methyl-y-butyrolactone, f-methyl-y-

butyrolactone, y-valerolactone, vy-caprolactone, y-octanoic lactone and o-hydroxy-y-
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i11lsls0=s=(r)o~o0a.o00 C2F5C2F5 (z70) (z71) b0 03S 0 O-Q '03S
Ob b 0b (z72) (z73) 0 0-/-0 S"™* 03s- S~03S b O 0b (z74) (z75) PFF-F
FF I-' <()}-3'03S- F x BUS02- Q --S~ C4F9S03 F-j~ bFF O (z76) (z77)
53 FF F f/_\ S+ 03S-~-{ +S- CHO (3 FFFp O (z78) One of these
butyrgdheitmacid generators may be used alone, or two or more kinds thereof

May: BR ASE L EABIRINEIOR L i FRSE R HSHITIW O L BT KRR, of 4 to 10

. .photo-acid. generators in combination, compounds capable of generating
WhichRa Y RIS Bridh 8Bt~ ARG tHiS T AP AP AU O Rse g RGP tanone, 3-
pentainyidrogématibiyl-Byp2mamoee adenxedfelrdbiyncominned -fleechebotpniahthe, 4.4-

. -acj eratpy is: preferably f 1to 0 e preferahl
e aco A Sl 2 Mt T PIEe. 2
hexange e AtibexgMIRE contesih-thbeaaisieoAmERIBBANIC § SRERe B ainbre@apne, 2-

methythe-Eeprainahich. gath 1S UsethindissolyiagesReativeeaBRONeMSctanone,  3-

described above o prepare a positive tone resist composition include an
4] 5 %na[i)}one, Sgnonanone, E'- %~§ tﬂgecanone, 5-

n- - -
octan g A Y st eEaione, >-decanone,
hexen-2-one, 3-penten-2-one, cyclopentanone, 2-methylcyclopentanone, 3-
methylcyclopentanone, 2,2-dimethylcyclopentanone, 2.4, 4-trimethylcyclopentanone,

cyclohexanone, 3-methylcyclohexanone, 4-methyleyclohexanone, 4-ethylcyclohexanone, 2,2-
dimethylcyclohexanone, 2,6-dimethylcyclohexanone, 2,2,6-trimethylcyclohexanone,
cycloheptanone, 2-methylcycloheptanone 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 2-methoxyethyl acetate, 2-
ethoxyethyl acetate, 2-(2-ethoxyethoxy)ethyl acetate, 3-methoxy-3-methylbutyl 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 glycol,
ethylene glycol 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 include propylene glycol
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as alkylene glycol monoalkyl ether carboxylate, alkylene glycol monoalkyl

ether, alkyl lactate, alkyl alkoxypropionate, cyclic lactone having a carbon

number of 4 to 10, monoketone compound having a carbon number of 4

to 10 which may contain a ring, alkylene carbonate, alkyl alkoxyacetate
monoathalkyepymuvakeiReefeniballexathpleprobihnadikylnkegiysotenonoehikytolactone,
cyclolfigigrRrboxylgie inglude. propvicas,giyeriimapomeind aileiAsidiemide  and

i ropylene glycol monoethyl ether acetate, propylene glycol mgnopropyl

dimethyia opadste. &6591%@5%9@%@48%%@1&9&%&%}E}l‘lﬁoﬁg}}s&eﬂ@%r ethyl

ethoxypansioiatoy| ethenpropionate;projpytene, ghjedbheanneibylaethebutyl acetate are

preferpég,p%ﬁg/%%@tﬁxlee %? gcl)Y G '&“&Q&cﬁiﬁ‘ﬁt'%¥1'1eert%%%%?ﬁt%‘tﬁ%ﬁ”&}%ﬁ‘ﬁ?é‘ﬁ&%é{%o'and 2-
mohoet er acetate. Preferred examples of the alkylene glyco

heptapnap8EIRyPEtpEr fitddde propylene glycol monomethyl ether, propylene

g:ymllerﬂﬁm%tk?t}@%@nmafwmﬂlm?kma?ﬂ%@%,hﬁﬁfﬁwp@@up and the
COl monopu einer, ene CcO 0 etner.and.e i

sove L RH B FSthEH: GRG0 R 1 RS R to 9010
more prefenplbyctabe, 2l ladioté) prepyiitadtatty amndbutyldadhateclPeafawbdontaining a
hydro&¥f I‘g@ Qf thgakyh alkoxyRIOIRPE taclHIS Sy SR QXVRIIRIRRAIR, view of

. meth methoxypropionate, methyl 3-ethoxypropionate and ethyl
coating HatRE¥ropionate. Preferred examples of the cyclic lactone having a
carbos solvaleis ok Bl matirdel Qeropiobicianer; (Sohukyndiacfandents including

pmpyyégg W%@lcé%'};%n%t%éﬁt h Ig-a%%%[glactone, (3-methyl-y- butyrolactone,
y-va P’olactone, -caprolactone, y-octanoic lactone and a-hydroxy-y- 54

butVhsIsetIRE0 Hregaieat coRappIEoBfithdTsHoketsHOEGTp BuER AU gom 1 to
10 mABHarparaumbatel #4ogl0 which maycorRinBFiRgHNtlude toatarone,
D 3-mz{h\ylbut gonteé.%ilnac‘one, 2- entanon% %— R ntanone,
(D) Resip %}E%%? Atanone, 4-methyr-2“pentahdne 2-méthyl-3-pentanone, 4,4-
dimidthyteisiepnamonision, Lfithetips8npdmantpe, preferably contains (D) a resin

having % fhastelaPethyb3rRemianens s Aicbgxanane, 3-hexanone,
-methyl-3-hexanone,glz-heptanone, B-H_eptanone, 4-heptanone, 2- . .
metPyS ISR ARSAES SIS EORepRSHINE, ¥ B R IRASEtih Bfemain chain
of theZeatianonsy Be adiaiimne] @-tlenadonki8-nonanone, 5-nonanone,

2- . - 5. 2. 3. 0.
Cy‘iﬁﬁ@?@éﬁ?gﬁ}%%@%’? 19 9?8&9%%1;?%’Q?ﬁ%ﬂlﬁe%Sm-CB%‘iﬁﬂlgea%ﬁ group, a

) pentanoné, 2-methylcyclopentanong, 3- methylcyclopentano
fluorine et YIRS SHEAORE, Baup-thiretHyRIEfopERasHEIINg aryl group. as a
fluorifycliohexanandngpaethyieyciphexanone, 4-methylcyclohexanone,

el aiehe e AR GRS e cnbon umberr 1 1
10, meye pteépeho e Ine thyifeydiobrmahesme mddaticrh areyle yalba peasiome, hydrogen
atom being substituted by a fluorine atom and may further have another substituent.

The fluorine atom-containing cycloalkyl group is a monocyclic or polycyelic
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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Preferred examples of the alkylene carbonate include propylene

carbonate, vinylene carbonate, ethylene carbonate and butylene

carbonate. Preferred examples of the alkyl alkoxyacetate include

2-methoxyethyl acetate, 2- ethoxyethyl acetate, 2-(2-ethoxyethoxy)ethyl

acetate, 3-methoxy-3-methylbutyl acetate and 1- methoxR@%:opyl

acetate. Preferred examples of the alkyl pyruvate include yl pyruvate,

etpyl pyrgyate and propyl pyﬂ@e. The solvent @ Rggrably

¥alyent having a boiljng point of 130C or More at ordin

re<inder atmos i e, and i ereof

c tanone,y-butyrolactone, cyclohexanone, gthyl lactate,
enegglycol monoethyl etlger acetate, propylene glycoRﬁgnomethyl

ethyl 3- ethoxyﬁﬁaonate, ethyl pyruvate, 2-ettioxyethyl

acetzf,' ﬁ-(z-ethoxyethoxy)ethyl acetate and propylenegg?onate. In the

present’invention, one of the@ﬁg Ivents may be used aloh&; or two or

more kinds thereof may be used in combination. In the present invention,

ami e e Ixin ol Tl 0 [ ,
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a fluogigg 319w feud AYaYli€ro8RHE ESGhipib 8t dpanicoss|VERs tinBainifigagst one of Re to
Rss aftydraxydigsaepingjuderethyienerilytak LiRyleneoiyegl penemetiykbitefaving a

ethylene glycol mongethyl ether, propylene glycol, propylene glycol )
carbo R A B IRy e G5 S M SkD A EEits SRE AL h porine stom.
It 1s profsoreg thasBspioBylemd fiycol Rionbrasthyleshior atdnethylddcnfiBardte: and Reg

is preRigiayed. fxa %%@ﬁ@iw GQUABINGE BYAEPY kYOURIMCIIGE, st one

propylene glycol 55 monomethyl ether acetate, ethyl ethoxypropionate
hydrogoR i GRS HERBISLBRE, KRUIBR I oRE B RSH S, ertiuoroslkyl group
havinjamathypyunobiclortel d,N-difeetindRgtamideabihcivithttydhudfbaide form a ring.

A”@é&ﬁ%‘@%ﬁaxﬂ%’é’ Sngg 'é&%‘%ﬁﬂgg'l%@ﬁ’i@& l@}%?]ﬁﬁ%e}ﬁ) eilae ﬁafbulﬁlﬁphenyl

ethoxygroplonate 2-heptanone, y-butyrolactone, cyclohexanone a

group,peiAH UG PhreNd et R S pIHE WRBE s Bhs B ErewRer acetate,
ethypetifaxypropitnate anddohieptanenratadesnasipigierred iddedidn@oroethyl
oranratio ass) between the solvent.containing a hydroxyl group and t
L e
hexaffpornisopomid oOMD, hentrdusreferanipXtame woy 8exalleora@-matixBiopropyl group,
nonafRRIMERILN Whiah, (hewealkaoleeheAnRitipg fo kIS A5UR-SEOM@RAdoro-tert-

in an amount of 50 mass% or more IS refelrred in vie
butyl group, pertluoroisopentyl group, perflucroocty

group, per\ﬁu(gro(trimethyl)hexyl group,
2,2,3,3-tetrafluorocyclobutyl group and perfluorocyclohexyl group. Among these,
hexafluoroisopropyl group, heptafluoroisopropyl group, hexafluoro(2-methyl)isopropyl group,
octafluoroisobutyl group, nonafluoro-tert-butyl group and perfluoroisopentyl group are
preferred, and hexafluoroisopropyl group and heptafiuoroisopropyl group are more preferred.

Specific examples of the group represented by formula (£3) include -C(CF3),0H, -
C(CyF5),0H, -C{CF3)(CH;3)OH and -CH(CF;)OH, with ~-C(CF3)>,OH being preferred.

The resin (D) is preferably a resin having an alkylsilyl 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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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) Resin 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 fluorind;;
atom ra silicon atom. In the resin (D), the fluorine atom. o sifﬁco%aﬁjm
may be present in the ma’ﬁi'fckéln of the resin or rﬂ%uyzb%,ﬁ% d tb the
dhge c cﬁ‘alr?TFhe resin (D) is refer@bly a resin having a fl r|né3’| R,@
atom- &:mtalnlng alkyl groupy Lgi)mpg atom-containing y%"%O@I{Rynggvp
or a fluorine atom- contalnlnfg yl roup s a fluorine a n% tamlng Ras
partial structure. The fluorfig ato ééntaln,mg alkyl g efétably
having a carbon number of 1 to 10, more preferably 1 to 4Rz a
linear or branched alkyl group with at least one hydrogen atom being
subdtifiirdd by a fluorine atotiC&nejnay further have another(gl®stituent.
The fluorine atom-containing cycloalkyl group is a monoeyclic or polycyclic

qull?%ﬁltgﬁgl{@g"%" it @g%)OQQCHXQ*R%% # 6%9%@9&59?%%@%% linear or

fluorine atom and ma ur her have another substltuent The fluorine

branchzd AllednEERTR SRARFGROV AIYIE ArAGRBUBUERET Bhdrkn, A0 sHtRyty lprtkgt group
(prefcbbt bmﬁxlrg/dmbdsnat@;mibbemg swihstituted by a fluorine atom and may
furtagn have, anpt f pubsHiyent. Rhedllic examples of (e fluorine The divalent
atom- contalnlng y? roup 8quoﬁne atom- containing cych%ﬁ( 8
lmkmar&ymumlﬁr@al@ﬂfmmmn@awgw AN SELTOHM B W s@@t:t@ﬁe”rom the group
cons@f@g?@ﬂbm!imw&& iSrH9p, “ﬂlﬂﬁﬁiﬁh@f@i@ 2k K& KR6dp R@Qﬂ%@@i&%?o&@gd carbonyl

R63 OH R57 R58 R6%2 R68 (f 12§1(f2$ 3) In form Iae (fl) to (f3), each of
Br O R R R B TR A SR B T L UShETS 85‘8 Aty e tlorine atom

or anaiigscgtoap Hpiﬁgwdefcﬂthaﬁat least one of R57 to R61, at least one of
R62110 BG4 anfl akleast ang QhRERIMFE8 AR AflUAENEAIM ARBAKWom (he

group t(preferably having a
group consisting of repéating units represented by the following formulae (C-I) to (C-V):

Rao Raq

-6 <—c c% o %s' o} o)

Rg |..1 0><0
W1 Wz Rs2” Ras
(C—-1) (C~-11) (C~111) (C—-1V) (C-v)

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

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

Fach R4 to Ry 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 R4 to R; represents
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carbon number of 1 to 4) with at least one hydrogen atom being

substituted by a fluorine atom. It is preferred that R57 to R61 and R65 to

R67 all are a fluorine atom. Each of R62, R63 and R68 is preferably an

alkyl group (preferably having a carbon number of | to 4) with at least one
a fluohydrogan afymrieing suhstitdtBe fysafficornenatom, more preferably a

peglu I%rgx%laj%ltg @H?dt%%gtpgt&r? %Ebao R umbe Bloaftéﬁgdzlall%ﬁ?gf%g 'ﬁ?ﬁd@ WY carbon

com with each’othér to form a ring. Specific examples 0 group
numb¢pgfdsénted by formula (fl) include p-fluorophenyl group,

pert@fwé@@hgath@tm aﬂﬂc?néddmtsrﬂgm@mmbmmemﬂo@r@um&nﬁwiﬁ) 4,0ra

linear 3 or c%s tho%ga(t)eu af@r%ﬁ%&‘} v f%réE{ an(le)l %CIUdF tr%'ﬂ oroethyl
a uoroprop Entaftdoroethygroup, heptaffuorobutyl

grdtq@h h’éﬂaﬂamﬂdraoma’pwgsom@n@é@f@mbmgoémﬁyngtmg group and is the

same ReKafiprofdsmethyl)isopropyl group, nonafluorobutyl group,
octiﬂuormsobutyl group, nonafluorohexyl group, nonafl oro -tert- buty]

o B EEBORIS e B BHALI IGRAGN G- hat 1. an atorbie group for
formipesiiudroftlimsiyt) rexidcduding, tii2, 2¢3) Ddettad varony etohstyCegfoup and

peﬁ%&ﬁ{‘é}?%'oﬁ%ﬁ' P{H&%OP ﬁ%i@f?{‘? 2eni8K éi'r% ﬁ%rﬁﬁ%%‘%‘t‘&n

heP%ta uoroisoprop gro exatluoro(2-methyl)iso ropy group,
riBobatl GroupderRsmdATIYotBrEISHtY Bl harpup. a cycloalkyl group. a

ﬂuoruﬁlﬂéﬂhl@l’@isféilﬁﬁﬁt@t gmlaa@e@r?tﬁrmlagad@ﬁxaﬂuoronsopropyl group
andrheptafluoraisopro roup ar re pre am
the?{grou%)grep es'%enge'é% ‘% rm% a%%y wf:uﬁl f é@%?? ?t?e%%y}é’&%g%ﬁe atom
in at le@s@@ns)r@memta@ﬂ{@rr@ﬂg)@md With -C(CF3)20H being preferred.
Th?ﬁ?%‘éb({@lﬂﬁ) I%%)fi%@@y fde3l ?éﬁ%)ﬂﬁ% %%'KM&EX&%H%W%@E@TEV@JM more
rialkylsilyl group) or a siloxane struc as.a sjlicon
preter gy ORI RIS P S it L0 Do IEgadfte) fo (Ca
structure and cyclic siloxane structure include the groups represented by
foIIovﬁ formulae (CS-1)1 ‘%CS 3): 57 5 IR20 L4 SI 07%1 L3 R15.

i R n SIR224$i-0-Si, 12- 0, SEHB—SEGD
|16 ~~~191,0- L-0- R2 R17 R18 S 03| > RZ5 (CS-1) (ng
(CSBQJ
!
W \\ e
Wy
(C—1ay {(C—1%) (C=1¢) (C—14d)

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

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

When W, to Wy 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 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 hexafluoroisopropyl group, a hexafluoro(2-methyl)isopropyl

group, a heptatluorobutyl group, a heptafluoroisopropyl group, an octafluoroisobutyl group, a

59



In formulae (CS-1) to (CS-3), each of R12 to R26 independently

represents a linear or branched alkyl group (preferably having a carbon

number of 1 to 20) or a cycloalkyl group (preferably having a carbon

number of 3 to 20). Each of L3 to L5 represents a single bond or a
nonatlivaleatyinking:groap rohefdivaldett-linkihgayropp is apsofbigresppenty!  group, a
periluSRIBEAALIRNPLAYG ALMETE, AFRHAR SFECI?dfsam the group consisting of

an akylene group, a phenyl group, ‘an ether group, a thioether group, a

carBofyl Wrolfp W &P PO G #RARAYBE: AilifethaFeyrbip asenis eroup
prefertbda FAOUM ra}tqprﬁge Rtsuatuidteger efthe SibhemesimEclirsidcesiamples
n Qne mem ct consisting of
thereo(r%gné%]t?n i %?% pre re{":rsi?e rff§r%8 gavcr:nLg forjrfulgég( -I) to (C-V): R1
RsSrR@rc & R%aF@B@"RQfLﬂRZWﬁ@RW}ZYW@@ﬁW@W@W(@% ez pyt forth
below(C-t Befffeschth (rytMolG- Mot formulme,(Cefi 1o (C-V), each of Rt to R3
independently represents a hydrogen atom, a fluorine atom, a linear or
branched aIkyI group havrng a carb n number of 1 to 4, or a linear or
bra c rrnat yI g hav a capbon niimber of | to 4. Bac
\ @E} j@ an or p ha\%ﬁ"%it fzerthe Studrin
or aS|I|c05, /. Each R mdepen epresents&é\O
hydro en atom, a flugrine atom, a IlneQr or branchedalkyl group having a
carbon ®fimber d¢f:€ to £Far a linear or b¥afiched fluoriaed alkyl grou%
having a carbon. number of 1 to 4, provided that at leas€efne of R4 to RT:F,
represents 58 a fluorine atom. R4 and R5, or R6 and R7may form a ring.
R8yepresents a hydpogen atom or ainear or branched alkyl group hawin
o

{_C n nu @HQI@LL% S a |In€@f ched ol
h%\ a carbon nugg.Qe of 110 4, or a linear or bran h fluori ated}\
§rouj®having a ca?bon umber of @to &?’ Each of LPandQ;Z represerfs a Q
$i Ofig orad inking group.and is the samf I3 to L5 @b@ﬁ\CF
Q represents a mon cyclll or polycy iphatic group, 'that is, an afgmic :
group fdr formingran aticyciic structlre:-inclading the two bonded carBo‘nE:"CF2
ato -C). Each of 30 and R31 mdependently represents a hydrogerlnz2

or fluorine atom. Each of I;jand R33 independently represents an alkyl
Jvcmfoqmajl»cyclo 9% CHQ CHjQ

S

3 F,C7 “CF,
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fluorinated alkyl group or a fluorinated cycloalkyl group. Here, the
repeating unit represented by formula (C-V) has at least one fluorine atom
in at least one member out of Rao, R31, R32 and R33. The resin (D)
preferably has a repeating unit represented by formula (C-I), more
preferably a repeating unit represented by any one of the following
formulae (C-la) to (C-1d); Rio RI, 4CH2-C4 ACH2- C4 CH2-CH~-
%HQQQCH HWBWA (C lay m%r C@c(@gcm-)}
‘In for ulae (C:la) to ) each of 10 and Rll reprege rogeg
atom, \a fluorine atorg a linear or branched alkyl group aving a carbon’
number of 1 to 4, or g linear or brancheg-fluorinated aI@I group havingj
carbon number of 1 to 4. Each of W3 tolW6 represents an organic grouﬁ'
having one or more atoms of at least either a fluorine atom or a silicon °
atom. 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
cyg{oalkyl group havipg a carbon num er of | to 20, or a fluorinated Irnea

branched or cy ther gr h a carb nof 1t
JTC"EX r%es of t ll”TS‘f:'(LForn ed alky g%oﬁag | to W mcifuéE %L%Q —}
j ethyl groupy ntafluoroprepiytgroup, a hexafluéfdisopropyl ¢
group| a hexafluoro(Zé/rr{ethyl)|sopropyl @tijz, a heptafh.rérobutyl group, a

~———

he fltproisopropyl an octafluoroisoputyl group, 3059
aflqg;rzdhexyl groti &E;Unafluoro -tert-b
groub a perfluoroo I'group and a perfluoro(trin thyl)heyyl group. When |
W, to W6 are an organic group having a silico m, the organic group """"‘S['W
preferably has an alkylsilyl structure or a cyclic s’rloxane structure. Specific
examples thereof include the groups presented by formulae (CS-1) to

§?roup a pe ﬂuororsopentyl

(CS-3). Specific exam es of th unrt represented by formula
CHQCQB* e se o@ﬂﬁﬂﬁz . X rep é% Ii\ ydrogen atom, -CH3, -F or
,3 LCH2 C-+ CH2-C~ +CH24 f8 +CH2--+
s 7 é
Al 7 o o R R
/ \\ ’/O o ///I
e Si %SE“MR
/ | 7 ?
O R-f0-si.
| 071 07 R
/81m0m8€
R R

R=CHa, CoHs, C3H7, CyHg

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 fluoroalkyl group (preferably
having a carbon number of 1 to 4), more preferably a resin containing only the repeating unit
(a),

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

(D-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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OO0 0O0O~00O'~CCF3F3C ,JCF3 C3F2 C4F9 CsF,s +CH2 +CH2 C4

CH2C~+CH2~+CH24 OOOHOO0O0OOOO F3CCF3FFF3CCF3

F2C CF CF2 F *~F F3C": CF3 F2C'F2CFZ F CH2-CH +CH2-CH -

-~CH2-CH~-F~F CF3F3CCF3F FF x1x1xxx ICH2C~CH2 G
{(prefeseBlZh6¢ing 2 Gatrbid dl OO G U@ 10 )Y n0Be (p8ferably-aCGidRoBitie izt O fesin of

the reéé'ﬁ'l%%ﬁ;?%fa‘ﬁ'dhﬂe%@aai%é Etﬁlgo(éc?i- tO -li -Si- x X X ~(_3H2 C C_ZH2 J
OHZ2-C4 +0tHZ CH +CH7 ~00 O0OH200 Si-s;SitiO-siO"_./(

si (R-4)cHgetincoatpipiaH b haapeding ryibheyne gitdaksysill group or a cyclic
siloxaBd $FaPrHe@ndic) 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 (preferably having a
carbon number of 4 to 20}, more preferably a copolymerization resin of the repeating unit (b)
and the repeating unit (c),

(D-5) aresin containing (a) a repeating unit having a fluoroalkyl group (preferably
having a carbon number of 1 to 4) and (b) a repeating unit having a trialkylsilyl group or a
cyclic siloxane structure, more preferably a copolymerization resin of the repeating unit (a)
and the repeating unit (b), and

(D-6) aresin containing (a) a repeating unit having a fluoroalkyl group (preferably
having a carbon number of 1 to 4), (b) a repeating unit having a trialkylsilyl group or a cyclic
siloxane structure, 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 (preferably having a
carbon number of 4 to 20), more preferably a copolymerization resin of the repeating unit (a),
the repeating unit (b) and the repeating unit (c¢).

As for the repeating unit (¢) having a branched alkyl group, a cycloalkyl group, a
branched alkenyl group, a cycloalkenyl group or an aryl group in the resins (D-3), (D-4) and
(D-6), an appropriate functional group can be introduced considering the
hydrophilicity/hydrophobicity, interaction and the like, but in view of followability of
immersion liquid or receding contact angle, a functional group having no polar group is
preferred.

In the resins (D-3), (D-4) and (D-6), the content of the repeating unit (a) having a
fluoroalkyl group and/or the repeating unit (b) having a trialkylsilyl group or a cyclic siloxane
structure is preferably from 20 to 99 mol%.

The resin (D) is preferably a resin having a repeating unit represented by the
following formula (Ia):

62



i SiO~SiRaR-Q OR /Si-O-Si RR R=CHs, C2H5, C3H7, C4H9 The
resin (D) is preferably any one resin selected from the following (D-1) to
(D-6): (D-1) a resin containing (a) a repeating unit having a fluoroalkyl
group (preferably having 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 ing a trialkylsilyl group or a cyclic siloxane structure,
J;L)a resin containing only the repeating unit (b), (D-3) a resin
a fepeating unit havj g;j oroalkyl group (preferably

ber of 1 to 4)C k) a repeating unit having a
| group (preferably having a carbon number of 4 to 20), a
p (preferably having a carbon number of 4 to 20), a
Rﬁp (preferably having a carbon number of 4 to 20), a
roup (preferably having a carbon number of 4 to 20) or an
aryl group tpreferably having a carbon number of 4 to 20), more
preferably a copolymerization resin of the repeating unit (a) and the

repeANG, U 46), Q?&p@e&%ﬁ'@ GORIRAIINIARLASEREAIRG YR HAUNE 3¢ 1east one

trialkylsilyl group or a cyclic siloxane structure and (c) a’repeating unit
hydroggnitig™a BraRcHEdEIKGAdoa asrte 4BIY-having a carbon number of 4 to
20)R arepedeakyhg edid (poeierably havmg a carbon number of 4 to 20), a

br che%%lk QXI %rg)r ferabl ﬁrf%a carbon number of 4 to 20), a
gro h%c%p aB]ITf/t aving 4 carbon number of 4 to 20) or an

arylrgf@upuepr(éﬁérélkﬁwlké{m@w cdthoh lnethbes by dregeaoytamobpeing substituted by

a fludRifdesRRlY F RANQIyrRHZEHOM AR A i NeRRANNOURILIPh AN 1 to 3, more

eating unit (c 5) a resin containing (a) a repeating unit having a
prefef%%? Pﬁ’f ‘é’gt‘é efeldbly having a carbon number of 1 to 4) and (b) a

rep€htintkyingrtravirigRa isiqtieftsiylygrolipear ar byalithsi alaylegstmychaneng a carbon
numb@%ﬁﬂ@ﬁ?f@&@p‘?@ﬁ? eJ'EPaEH%HJ@ﬁ Q)ﬁ?fg%% G}B%ﬁibng LB ANLERE 3 1o 10.

repeatlng uan%) and ).aresin contalnlng a) a repeating unit havin
a fillerS g/ M&@wé?éfgbwa GELSGR Ratier SRR of 1 to 10,
more [ﬁp&aﬂﬁig uﬂnnﬁdfw\aﬂgrmﬁiﬁukymwlthpmmag:ychcb@dmmstrmweo
repe ung QLR (P I g
ef} %ﬁ%cngxm of ﬁ{ ﬁ%ogggf%ctf/c fl% oup %rcgf%?( é?lj%a\glrkl/égg\épg set forth
beio%m\'ﬁg}fm@y ;@1\/@1@@205 not limited thereto

X=F or CF3

fCsz\-i {-CH;—jj) f.CHZj\:}}

—fcn;—t‘:—} J_(CH;—j:Z fe HamCA} chzwé%

s e o9 j*(\
{Lon—d 1‘0”2”“27\ fcﬂzwcg
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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 (preferably having a carbon number of 4 to 20), more
preferably a copolymerization resin of the repeating unit (a), the repeating
unitie) @pdath% repeatipg wnite(C)hAsdondhe fapeating: ufotrtel Hawipghamerizing a
d aI loalkyl greup, a branched alkenyl group, a
comp (l)c)lf/%? Iﬁreeﬁ?/ grOL?(p?)Hc% gr%%{r&y?l rlgéﬁ%g w? t}m resins (D-3), (D-4) and (D-6),
an appr te functional group can be introduced considering the
[fidity/hydrophobicity, interaction and the like, but in view of
ility of immersion liquid or receding contact angle, a functional

nt of the repeatg u);it (aj having a fluoroalkyl group
and/orgthe repeating unit (b) ha ig trialkylsilyl group or a cyclic siloxane

structurd, is preferably from 20 to 99 mol%. The resin (D) is preferably a
resirl"iT%ngﬂ eating unit represented by the following formula (1a): 62

Rf >::ﬁ la) 1 Informula (la), 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. R2 represents a hydrogen atom or an

alkyh %?Hﬁrlzi f?”i@fl'é ladetie AllvbagruppithAtdgagkoneBYArQe8Nat teast one
atom beln stitute Eﬁ%&ﬁjonne atom of Rf is preferab y an alkyl

hydmé?&?ﬁ% ﬁgaSB T Y858 ore preferably a trifluoromethyl
grodiprephesalksyhgpdicg efdrbis preferably a linear or branched alkyl group

ha(;ﬁngeglggégg% Mb%% A il g}@pé%%t&rably a branched alkyl

éﬁp having a car on number of 3to I0.”"R2'is preferabi{ha linear or
(e EatborrRiHiAnETEE 8 16, Rmepd Beaefapipla ().

a ||m“aamomlpbamheplradkme@rbyﬁdmang(g sasherAwohpseis to 10.
o 1 SRR SRS RIRTA 0,88 o
a compound synthesized may be used. In the case of synthesizing the compound, this can be
attained by converting a 2-trifluoromethyl methacrylic acid into an acid chloride and then
esterifying the acid chloride.
The resin (D) containing a repeating unit represented by formula (Ta) preferably

further contains a repeating unit represented by the following formula (111):

(I11)

In formula (111}, 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 (UI), the alkyl group of Ry is preferably a linear or branched alkyl group
having a carbon number of 3 to 20.

The cycloalkyl group is preferably a cycloalkyl group having a carbon number of 3
to 20.
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f CHO1i +CHZ -0 +CHO C-0 X X 1 xy/--~' X-1{- f CH O-iCHO/ fCHO C-\

HOC /X X T O~/C\ XiwZ-c CH2 CifCH 0 0 0-1-10 63 The repeating

unit represented by formula (la) can be formed by polymerizing a

compound represented by the following formula (I): Rf H) R2 RI In
forrhdaliiynRf gepiesepgadilpanealitoyl grarn aikyingroopvithnatibasot 3 to 20.

ongRYdrQEaR HPM BGINS %Q@%ﬁ?da%a&ﬂ%ﬂq %{’8{&7 Rl rg%%%%r?ﬂumber

alkyl group. R2 répresents a hydrogen atom or an alkyl group. Rf, R, and
in formula (1) have the same meanings as Rf, R1 and R2 in formula
(la)rhe neatiomipeu pebigdrgaefden vy fofaiuss{ligauoieliagrn pethael. Asnber of 3
for the compound represented by formula (I), a commercially available
product or a compound synthesized may be used. In the case of
syrithe sizing hheies mpsbisci ivnensasibet i i isaep ey entaining a cyclic

s110xagetr41fm&ﬂ9€1§éw{ E&{%@)%’Hﬁrﬁﬁ&l Bte gyracid ihlorlde and th?n
C oriae resin on al arepea
AT, TR D ot T AR S b AL iy having a
carbomepresentdd by herfetlewingdopmula (I11): CH2-CH L6 | Rd (lll} In
fm@}&éﬁtﬁ'&'kﬁ% Fe@rSP%%Sr@sfha{@{f 959 2 cyslogly hgrp%ré&ﬁl&?w formula

group, a cycloa kenél group, a tr kyIS| lyl'group or a group having a cyclic

(la) argi st APuhisletirau L §saprediryentpmyie HyEicd HsEnt linking group.
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In formula (111), the alkyl group of R4 is preferably a linear or branched
alkyl group having a carbon number of 3 to 20. The cycloalkyl group is
preferably a cycloalkyl group having a carbon number of 3 to 20. 64 The
alkenyl group is preferably an alkenyl group having a carbon number of 3

to 20, The cycloal enyl oupaedprefer bl y a cycloalkenyl grgep having a
um n%@r' g"}nalkyl pis pr CHy G
Isilyl groug%vmg ac nymber o ;§2 to 20 The having a?

cych%@e ) ructure is pref

structure having a carbon number of 3 to 20. The divalent linkingigréup of
L6 is preferably an alkylene-group (preferably having a carbon number of
1 to 5) or an oxy group. Specific examples of the resin (D) having a
repeatlng unit represented by % imula (la) are set forth belgw but the

pr nt inv . not li reto. cmzcaﬁ Ci
\LC*{?TCC%:?) OO%%E% 3 0{ + ~CH CBDf éH~

@ODO H2 O H2 O~ CH2 S| HZCH+ CH2){CH2 O

C C+ OO]O/+II CHZCH -f-CH2-C-}

~LHZ CH~- CH2] -f -CH2 COH~- CF3 CF3<-~CH2 C
TCHZ CH~ -f-CHp j Hz Cy-}- {CH2"CO~OHO ~0 Q W// 0 Ik ~I~Y~ ~

CF3 CF. a
togy tod ﬁ“f:ifv‘ od Ao
‘sfo ﬁéiﬁ Y?\]/ - ’ W
o d cf

A

o s %cwzw% fc»«z—e o

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

following formula (IT) and a repeating unit represented by the following formula (III):

Rf
CHZ“-"(])—} CH,—CH
{' 02\ m -{- 2 ie).n
Ry Re
(I1) (I11)

In formulae (IT) and (1), 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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65 CHZ C,! { CHZ"CH 1 HC& CHz CH / f CH2 1 +CHz-0H+ 2 Y (r) fCHZ
6 f CH- CH} f CHz C J +CH2 CH} kCHZ 6H -~-CHZ-CH~- O~0 0 O O~ O
Ok O O -~CHZ TH+ -(CH2--16-} -~CHZ-TH+ f CH,-6i +CH2-- i 4 CHZi
S400-SI-O0 SIBS;yCH25l1C O~-ECH2 H jtCH2 6-)' f CH2 CH~
group, ¢k Zrokpafoth@dBCrothrbiril +¥Wotor ErdZeQnehbktZ Géteof 2 Cj | CHZ CH

0:0-11 re |y r o in
et ea%?%%garg%gntgf%&j L{BhnreleraRlcn oo AONARNG A coalkeny
groupyp m@lbv BtatPBY. th&To glﬁo@rﬁméwlfv)lomﬂ@mgqmrqu-@ﬂum queﬂed by
combiihk B3 Bemdrb Mbhinfotmstae (1) and (Il1), Rf represents a fluorine atom

Ikyl ith at least d b tituted by
oY R ST ey o DR ) CRAR ShSLEh A Ay 2nd
trialkygsdub gaoopclofilRenyhd6B.greufinetiangiogpfiprmead by cotmidiming o or view of

follodé‘&lﬁg%?rﬂf?ﬁés%%rﬁ%zﬁa‘h rﬁﬂﬁ‘%@%f%?dhﬁ'h%bﬂ@%@ O RY YUV R ed, and

an alkenyl group, a cycloalkenyl group, a trialkylsilyl group, a group

an ungbstiyt QRhEERIFURRIFTS A S oup formed by combining two or
mare wieabersdtkerdebdndliee atkyhpiaumkiyglgalkyl group, alkenyl group,
cyggalg?@(yl group and trialkylsilyl group of R3 and R4, a functional group

can be infroduced but in view of
0<n<100.

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

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

The cycloalky! group is preferably a cycloalkyl 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.

Ls 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
(II) and a repeating unit represented by formula (IT1) are set forth below, but the present

invention is pot limited thereto.

GF4

{LeHg cﬂ) %CH{CH} J(CHZ—(:J[ {-CHZ-CH—} fcHy c—} fony CH—)»
ST S U e I
{CHZMSE}S J(CHZ_?H_} ‘fCHz c—} JVCHZ cl:H-} {—Cch—} {—CHz-fi:hL—}

—si— —Si— o0 —§i—

f /J\r I- _t, |
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followability of immersion liquid, a functional group having no polar group
is preferred, and an unsubstituted functional group is more preferred. L6
represents a single bond or a divalent linking group. 0<m<2100. 0<n<100.
In formula (1), Rf has the same meaning as Rf in formula (Ia). The alkyl

group of R3is preferably a linear or branched aIk I group having a carbon

rgg,fi 240 20. The, cyxﬁloal{ql, @raup is oaI &qr@r}ip{,% CH,}

cafhbn numbepbl 3 o 2G#; he alke ref

I | grég{p having a ca . on nurﬁﬁer of 3to 20 c°1yc|oa|keny| o oup 3;‘_
is rably a cycloalke n roup having a carb umber of 3 to 4@
is pyeferably a single bond ethylene group, arj ethylene group or an

ether group. m and n are preferably from 30 to 70 and from 30 to 70,

respectrvely more preferably from 40 to 60 and from 40 to 60,

res trve ific exa El?sc?rf the r &P contai g;\ndserd.eatr

\pre ente Fﬁ/ rmula (1P am atepe trn%u it represente%bﬁzrmul
h

@ "are set f elow, buLtrje présent invention is noth tedthereto
SCFB $EF3 CHr-C j +CHZ &+ CPiz-C~ {C H+ CH2 G~ +{-H2 CH+
&=a0°CHZ ~O CHZ 0~O0 H2 SiSiSi- CF CF fCHZ C~ #k+ fCH2 CH
CH~ ~CH2 ~ CH2 ; H } O~n -ji- 0--O -ii- O O -01- 67 CF3 CF3 ("J CF3 ,*
“CF3 - CH2+ CH2 fGNr C i CH3 CHz G2 -) ~CH3 CHI *GH3~j  CF,
xL ~.00 orhj%%i-r(mﬁzﬁ 2CH~-EeR2b] 'fCHz')C\')‘

1.C CH~-f 6j+CH2tonLc7; o0 o0
nE -+ . O .

l

“fCHz'“C‘} \LGHZ—CH} fcrrz—c—} {eny CH-}~ foHy C% f(CHz-ggjf

OO OO OO

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

(VIII)

07
Z3

In formula (VIII), Zs represents -O- or -N(R4;)-. R4y represents a hydrogen atom,
an alkyl group or -OSO;-R4. Ry 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 (D) 1s preferably solid at ordinary temperature (25°C). Furthermore, the
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0-Si,00I'Ll00.4i,000,Si,00~0 SIiSNSS,056 O-SiO0O-SiO6
CF3 CF3/CF3 +CH2-CH~ f CHZ C~ CH2 CI H~ -~CH2-Ci h CH2 CH+
-ECHZ CF OHO OO 0)-O i- - Si- -Si C-} -E-CHZ CH+ CH2 Ci + CH2
%H+ -~CHZC-} {CH2 CH-~- O~"Hz O~O 2 p~0r CF3 CF13 CHZ Ci
glass w#@HHROR tef@iiaiC KHZeCid ptierably ThewréSinq RYiTay wontgireferably from 80 to
16p°'epeating unit represented by the following formula (VIII): (VII1) 20 0,Z
In formula (VIIl), Z2 represents -0- or -N(R41)-. R4u represents a
hydtogahstSHN el Aigroup Shsersess fus lrespilinteReitdsaoafkgr more
grofl; alsyclealkid@rauvmpraneanphocsiediduaeddnecdlbyl grecymohR4klorimeter

ma Substitut ute b ahalo e re erab ugrine atom)
i S L e Rl R Al an e
measm@#tﬂwrm lﬁ?élr}@sa@és@waﬁ@mmt&rﬁpﬁ@mn}?e tTynigpreterdislyterapgrature at

°C/n§9 thdQad mggehereiﬁr@wefﬁ% 80:191id 0BG Retnigdesin is solid at
5C.arm re The

o éﬁ%?é%m SoatSOPly SR e AR Aci an S s A Alham deigover.

(Differesial{ScHnwiny | Talofimeter i dFroli@xdmplerdhie gi¥sprafnsitionontains none
of (x)tﬁﬂ‘ﬁ%ﬁt%%ﬁ?é“ REueASHEd Y QRes DG A ARSHERD g}oﬁlﬁ“gcmﬁl of an alkali

sample, agaln raising the temperature at 5C/min, and an gyzmg the value
(alkaldeaieley 5%&%%%% JeluRtity de 2 kAL e (i Rt e  siaBRecaable of
decongvsicigl landdnsoloble’ mlamalkaind@u@éo;be soliubiiew of fallawiapiity of

lmrp eorgslllxgl(lfsjj tttﬁ% I§ f%llnag@ﬁ ef% Fnognﬁarlllir‘gss I?aqrngg 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
to 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(oxyalkylene)) 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 (11I)
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 sulfonic acid group, a
sulfonamide group, a sulfonylimide group, an (alkylsulfonyl)(alkylcarbonylymethylene group,
an (alkylsulfonyl){alkylcarbonyl)imide group, a bis(alkylcarbonyDmethylene group, a
bis(alkylcarbonylimide group, a bis{alkylsuifonylymethylene group, a
bis(alkylsulfonyl)imide  group, a  tris(alkylcarbonyl)methylene group or a
tris(alkylsulfonyl)methylene group.

Examples of the group (y) capable of decomposing by the action of an alkali (alkali
developer) to increase the solubility in an alkali developer include a lactone group, an ester
group, a sulfonamide group, an acid anhydride and an acid imide group.

Examples of the group (z) capable of decomposing by the action of an acid to
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of (x) an alkali-soluble group, (y) a group capable of decomposing by the
action of an alkali (alkali developer) to increase the solubility in an alkali
developer, and (z) a group capable of decomposing by the action of an
acid to increase the solubility in a developer. In the resin (D), the total
increzaen chntsof wbibientimg aindsyblayiery awlaticalibsolebte ggouporaa ghosp of the acid-
deconfR0S6SOUIHIN InAdeveonrrIRaseaypie action of an acid o alal

o{l‘:)re ferably 20 mol% or less, more preferably from 0 to 10 mol%, still
O RREr bR, BRI L0 el s s v it ljowdnsfemala (PA-c) is not or

scarcetQRIBG NG He yedin (B s ntieacsuirstant gRnktallidiseshiBposable group
ot e SN EAIRESS (B Coge RLOAYE AN, R0l Rond on g yophile aroup

such as’(po y oxya group the resin ontains a hydrophilic

polar group, the followability of immersion water tends to decrease.

Therefore, |t @ ore preferred not to contain a polar group selected from a

hy I Ikylene glycols and a sulfone group. Furthermore, an
ethengro b nded to the carbon atom of the main chain through a
linking gr eferably not contained because the hydrophilicity

increases nd thef followability of immersion liquid deteriorates. On the
other hand, an GR r group bonded directly to the carbon atom of the
main chain as in formula (Il1) can sometimes express activity as a
hydro@ob cgro and is preferred. Examples of the alkali-soluble group
(x) incl He groucp having a phenolic hydroxyl group, a carboxylic acid
group, a fluorinated alcohol group, a sulfonic acid group, a sulfonamide

gr%pfomu Bwejlci@pgﬁ@gfbs@ﬁa(%lW&wégfw&(%lﬂﬁdﬁ%rmﬂglar&%{m&eaﬁbon atom

rou ulfon IkyI rbonyl)lmlde group, a
bond ﬁmé %rp a bis(alkylcarbonyl)imide group, a
b|s(all&;&scﬂﬁ@nyl)mthylemrg(mmoatM(alk;ltsukﬁoa‘tymmides@noup agom content is

prefeﬂiﬁ%ﬁ@rﬁpw I)ﬁﬁ?st%/ lﬁﬂﬁegﬁpé@r%@ ﬁgﬁ{%ﬂﬂ%@ﬁﬂgﬁ%}%@%@ %ﬁ HOMlecular

Examples of the group %ﬁ ble of decomposing by the action of an
weight R heiRen BvelbhEn PHESBIHIRE i RE Mokl Y occupies
from irclol dG(Bda@wﬂergﬁ@lmaﬁiﬂaw&lfogﬂmﬂoawﬁﬁﬁsaﬂajdﬁ @mﬂ@m(rnacud

anl?xqﬁlde and ‘Ehd imide Examples oft r%l ca a
o case e{ﬁ [~ resm nta I}S @ orine a a om content lS
decomposing e actlon n acl Increase the' s

prefergblje|Gpet |ﬁcugo®tma%m1§m@p§%f§rﬂké:sefmméQ;\cq@l &ﬂb@@mﬁésmd on the
mole@iRHPIBIERE Beidhderampesgable £esin (KY. ﬂTLQWi%E%tBﬁ%S%ﬁﬂHg YBHeating unit

preferé rg%%rggeg 5 g%;[he %}%%%5@ form %édrg’ ﬁ%%o é%\ﬁf??r%:%g |¥0 100 mass%, in the
resin @@)d-decomposable group of the resin (A) and is regarded as

SUbﬁ;@@@ﬂé{aﬁ]@r}j@ﬁjgﬂ‘éﬁ&%ﬂ%@@l@ve@ﬁt 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) 1s 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 called 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 is 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 content of the resist composition.
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4CH2-C 001 Rp2 (pA-c) Informula (pA-c), Rp2 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
prdferthblyckion2)tcid0iarbs $86iisassd-dactheposlelcutesinv@ighimoptingies such as

metal %ﬁé'%&%ﬁéﬁ%@‘&ﬁ%ﬁ% %ms‘?%}?'ﬂ{@%ﬁ{%‘ﬁ%@%ﬁ'&wrﬁﬁ%@m&s or ohgomer

occupies from 10 to 100 mass%, more_ preferably from 20 to 100 mass¥%
compareps fearReIbin Mk BAER HilercsRes HssikEs) @afn%éﬁ%péeﬂgohﬁ@%&érﬁy HPLC.
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in the R Sie(R:id fag)stam@;gi aalysreneyraduead NeniAYeRagSe used or the

. molecular of the re ) is ferab m_.1,000 to 100,0
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dlssolmﬂ MRRGL AT ARG S ERINARPL S PIS e @R HOm L1140 Méss&ut’fﬂﬂrethereby

erably from 0 to 5 mass%, still more preferably from 0 t0 1 mass%.
effecfsse%cs SRABIMBEHI Re 8B HiRORTORIIRE PIUBCHRR SR droh Gridinag dropwise a

solutithecbkexipfitigentesish@aatieticdhad melrcuiasweigtdistibsivont (MMMmo 10 hours.
also caII ddIS r ity r ferab fro 1405, mor eferabl frq t
A s e R B R R R e

tetrahyieofasis: d@‘i‘rfb@%fﬂ@n ¢§19r@fe¥db@ﬁfﬁeﬁmqmi abemdssopeimpie as methyl ethyl
keton®reie akM AL 1k dBrinass %arstilonere E’tﬁ@fﬁﬁé@ﬁhﬂoﬁeﬁté t&l5amlde solvent

% tIl f f 2t
such fR B B (475 HSEETR a0 AR dr BT L Bl
of dlsmlmegémsmmmpmu@rﬁ 17O reshiet resien (DR, simbadyptorthene glycol monomethyl
ether Q&Qafée%?%?%?ébé@yi%?'&%&M&H?I'Eﬁéﬁ%ﬁ 85 1R A% Of aaldrs8ilitierization

contained and as well, the content of residual monomers or oligomer.

is MOgBrRERIREINY i PrRRBEb IV B et SPhpRtifhs Vit soRsPRbarPidnotie resist
compisaRsYobyHdRir&erByisatisfying Bresbconditionbisnotloaty, thentesigircafi particles

dumné&é’f’#%’% @ %]%ggle%tlvﬂy resolution, process stability, pattern profile
0 a resist free from extraneous

The polymerlzatlon 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 imtiator (e.g., azo-based imtiator, 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 extracting and removing only polymers having a
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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
molecgémeral ghtlodeathatchspotyiwanzhtiotamethgld of rdissalpitagionanetingt of adding

dropvﬁ?@%sr@tﬁg @&Mgﬁ‘tﬁ{ H_q;%§9 lé’(ﬁ%ﬁ’p% i}%ﬁ%?(ﬁr qh% %_9&%?1@”{%%%@)’ fsolvent and

effecting the polymerization, and a dropping polymerization method 0
th@f@%&mavmﬁﬁgg powssreedrbsikg AMcnewdicaperishad wrismlidstate, such
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| cetamide, a e later-described solvent capable of dissolvin
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the pd¥IBNSHANAISo A NRMIEHE RO U T GIRIABRESIAIREE Wi iing of the

the same solvent as the solvent used in the résist composition of the
polymsreisanih if&HtBI! By helifsabrisnssinbati garbrsasBrpehtis @gntane, hexane,
heptailtng steiage-aadlibgeEuip@ssathobhaplolymeritationieasiiomehylcyclohexane;
and RIEIGEADL ifP ofmedin an, inert. gag, atmosphare. such s i f” Efalogenated
argon.nl\s or the poalrym_enzqnon initator, tHe po‘llymerlzatlor?’ Is started
hydrogaibepal@omioesaisdly aielrbichativarinitatoel( ey medodsasedhipitidtoghioroform
and cRBIXERTIBE dEadichhindiaienisRraisraRly BRiasQnbaaaddnitiatanodmstAine and
dichl az -baseci initiator havmgPan st(%: grou&, a cyano groug r a%arboxaﬁlt 1
1 POGRAE e BBt PreEtaf el Ekariles o tRe Hitthtor™ ﬁ?}éaé‘e - a mitrle (e.g.,
acetozazdaismmﬂriw, ahqb(scﬁhamwwlemhiﬂﬂeliaﬁwhﬁﬁlethﬂlisopropyk ether and
dimetgo%ﬁ%'é(%hm Qt@dﬁr@ @iﬁ@ﬁ@lﬁa@%@aﬂ?@ﬁf RL-298RH fﬁ?&&%g,o beketone (e.g.,

used, if desired. The reaction concentration is usually from 5 to
acetong iRy hrHEE 65K Mo M SPHB B HRISVANRBIE (Breferabh riricabuly baretate), a
carbomaasslh gandithethghctiabdemp e itulieliscasbiaiytdromhilete 1686Gonate, propylene
rably to 120G, maore preferably from 60 t0.100C. rthe, .
carbo . e Bt P R RVl butana,
carboygiifperititetangcharifil: TREDAAHcoidrehs Falremsimad Bych hophiant.
memhgenéon%@g@rﬂwep@diguaﬂﬂiﬂuw @aﬁ&@@iﬁﬁmﬂiﬂatf_sgd/?&cwim@wt@rsolvent
washing with an.appropriate ovent‘ remove r al monomers or
conta e e B R o . o TR RE i & solvent
contaigingfiltristioadfyeikocictiog drdratimotihg dniyhpblpartesladyinpthargl or the like) to

other @b@l@ﬁ%ﬁi‘fdygﬁﬂﬁﬁ%’,\’%ﬁ U&?é? é;éﬁ%g?ﬁ&m‘a_&%{éréﬂ@@%ré &N %gif%iﬁ%‘iix_ rofuran)
method of adding dropwise the resin solution in a poor solvent to solidi

is apppxbeaistn fRe %&@%I\%?{Wmhe latter (volume ratio, at 25°C) = froni 10/90 to
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 mto a
precipitation or reprecipitation solvent (poor solvent) is preferably 4 mm¢ or less (for

example, from 0.2 to 4 mm¢), and the feeding rate (dropping rate) of the polymer solution
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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
into tie imselublecfpasr folveat)@odiniah isinthevhenevainoiont H6H0tiMes Wr m/sec,
pmfengﬁ Jysferaly. fggmﬂg g.nn%t'i:@es, the reaction solution. The solvent used

at the operation of precipitation or reprecipitation from the polymer o
solhReP{RFEEpieRon PFepriGH MIPRTaBRE ST adsDertdanes irides stirring.
Exampher goikentiieon gheiaelymerh and thesetyedt usathaycheleppioRri@iehte, a fan
. selected.according to the kind of the .polymer from, for exam a ,
A ah e Wy e A o e ier pe bl
margifeten dapd dedarecaftalivyliic.hy drovatsonas ouhtataggdnbexanenshadr type (or

horsedREEMYISYCIRRa RS, aNgLaR ALASBAH G Y draGRIPON BUC R RS RENZERG by further
toluene and xylene), a halogenated _hydrocarban (a halogenated aliphatic
perform&fﬁ]

BarBoR BER WsOEEhIeHeRLRTEH e, CHIBHSTON ChMPEarbids the completion
of fectitracifiltrids;lancashhitgenaté taraimatic thydrocsiibantseiehoasmer content in the

polyn&?l%ﬁq{?agzt%g§ ﬁgfjb igyflfi!}%ﬁﬁ%%a?):’ea.nitﬁ&?%ﬁn&éesgfﬁn%)ofaﬁm polymer

_nitromethane, nitroethane), a ni e.g., acetonitrile; benzonitrife), o
solutigrid she mepy sfhesdyppy Al sgibmprdmsaicdinsaprégiietrigeningtead of the stirring
blade dimethoxyethane; and a cyclic ether such as tetrahydrofuran and

dioxane), a ketone (e.g., acetone, methyl ethyl ketone, dijsobutyl ketone)
o R A R R s R ARG elected
by takineoHates et brcdrisonatesenyliehdibarporiateteprppyluneiscampdhate)the order

of 0 tABRICOPRIEE 81y MatharelnfihanRl RreRaRahiSeRBPYL AlcaRokBianalkely from
20 1o gg{jﬁox Cc amdﬁ(l'%ig.,, acetic acid), water, and a mixed solyent containing' .
%sdentd so )

PRI eS8, RS ST RUBICR T TP HEBr SRRt Ao RS HIVRGE idising a
comnprgfe ranhoxsbiventgoeetsihingntdeastiap alokhwk(pdntic udaa k methanahod such

as bath glg/gtggpg&r ygﬁ{ﬁ{u(!}gssg%@&solvent containing at least a hydrocarbon,

the Tratio of the alcohol (particularly methanol or the like) to other solvents
(forl BRaRiBRPAHESIEF SEEFFER ] dutinelatmapelied sifcivaglly subjected to

comnietighydpddyeango ikl dppridxispateliofonekanpirrdhierfearmesthelatieion, then dried
volu rati t. 25C) = from 10/90.t0 99/1, preferably the former/the, .

M e

underfgigseihe [Aterdtyongnie patforaedsuyer fronrSUISGCt@GFIBICT e teditgat pressure

(prefePiiie pHesinitatioRIopeREesi Ritali ah MR REL SRR REABR T ARARISY (v 100°C,

selected by taking.into account the efficiency, yield and the like, but in
p refer&%he?gl%lﬁgr ﬁ%%rll{tbt E%%ﬁ%from 100 to 10,000 parts by mass, preferably
froﬁm@@@ﬁeiﬁzﬂﬂ&pMWMﬁisscmceiMabwmpmﬁﬂotfm 1¢8B0mparise again
dissol YIRS REEH D PR PLMASTOAENG RANMLRAMIANTRE NRZAIS PA Sparingly

diameter at the time of feeding the polymer solution into a precipitation or
soluble,BrdriiERien solvent (poor solvent) is preferably 4 mma or less (for

exadvivate sfreiti A RytotYerama); Bodidbe feadingd ater(piiepRingrkate)cotshepletion of
radicd? OAXW%?%{E‘&{‘ 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 is 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 solvent similar to
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72 into the poor solvent is, for example, in terms of the linear velocity,
from 0.1 to 1.0 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
the soivehudeeal disclissbinegaifamandiee {inbupihgnpadaiedn acuhedmanke used, and
the S(}Wéﬂp?na%/ fﬁétﬁf‘é"ggﬁlér%nﬁp ﬂiH’@l@g{efrBfﬂejvh% gHﬂfe’ﬁ'ta[Q@ltXP?h@t%olymerization
_angled vane fan turbine, a propeller, a multistage type, an anchor typé (or
reactigfprseshoe type), a gate type, a double ribbon and a screw. The stirring is
(F) Bpiefaraphyufurther performed for 10 minutes or more, more preferably 20
mip[lﬁtes or mare, after the otr}péaletion of feedin?1I of t elgbqllgl/mer solut

€ resist comnosition o resernt mve%mo np{ﬁ ¥ cOontams. "a basic
If the stirring time'1s short, the monomer conten e polymer particle

compenay Fotrpéusutclantharad wéagr oranigingthadisaiing: sknesypo prherting,
solptiga-RAdtheRRY sPirRNbANRYcBlsphePeHaumed HaiRaRdline P%eh structure
instead of the stirrj PI de, Th§ tengrgﬁ;re the precipitation or

repre SN B AR Ty e PO LRERP LS LbIY ) taking info account the
efficiency or operability, but the temperature is usually on the order of O to
508, preferably in the vicinity of room temperature (for example, r#, gr**

a%proximately ronj 20 to 35C). The prgcipitation r reprecipitag! _,,L__émazos
R*®operBifon pErformed EStng-a¢ on@magep d mixing Jvessel|

s%h as stirring tagk according to a known method such as batch system
and continuous system. The precipi aeted or reprech}tated particulate &

polymer is ysually subjected co onlysemployegh solid-liquid
seplf;%raie F%usaﬁcz%s%ﬁltgggbﬁaéﬁdo éemfuqéatioﬁg h}é‘n dr\liéiac%%ﬁaa’sga%es ame o
differéiir sgivasin perfoydredensitigra sohbpt-gasistbrefittabbldmang prefdrabiyumber of 1

10 20 @ad@}rcpé;w rgmﬂpga@fmgeﬁf @ﬁﬁf@g@gaw%@aamww{i@otpz@%y r%lqryl group
.reauced pressure rereraply un % re g pressure) at a temperature .
(having a Gathas-RERARCY %%8?1 1@?@“ §b|y %‘ﬁ%ﬁ&f&g’d%? gftéo’:?s%% er to form

a ringlncidentally, after the resin is once precipitated and separated, the resin
ma in dissol in a.so t into [
o T A TSI R Brferably an
almﬂc?é‘@é‘iﬁéﬁﬁ?}%ﬁ‘é‘@rﬁ&?fb%@é@%’rﬁé{héﬂ oy vaierl B EB RpIEtEA carbon
numbef ofadieal (ely erzatitny I gasiip R FRCiitabog Rurebin By 1bkging the
Polymer dptescontaat with g golvent iy the pOYme s SPAUNAY ovccenis an
solubfe or insolu le (step %3, separating & r&sin from the sofution (s?gp
alkyl pyoembeyissclethgnherdsiroinldessfzent to prepare a resin solution A

(stamehipregiiptingrRsefimaatid Bv) Reipging eSS QRO Aited.

e o ot MeILAS Ruan N Aoy IO Ame, pyrazole,

an
pyrazoline, piperazine, aminomorpholine, aminoalkylmorpholine and piperidine. 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[4,3,0]non-5-ene and 1,8-
diazabicyclo[5,4,0Jundec-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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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 solvent similar to 73 the solvent used for dissolving the monomer at the
butylppelyheuitatiomreactidrydnenidze usedbaltertthatshizentinajobaithe santeydroxide,

e di f izati aacti
phena?lﬂﬂ'i(%ﬁ@ﬂﬁﬂﬁ fgﬁl&ﬁl%@%&%&%ﬁﬁgﬁﬁﬁ%@ﬁ?&ﬁ% 9R5RAC R AFrdles of the

asjc compoun The resist composi ne presen Invention )
compoate PRI S GHtORENE) Gbasdato MBtHE BRI INEOIMBWAKh e the anion
moietpeffdiananssowith laging oo Rxposdrexiddheatingre Py etarved «damoplesadbxylate,

the basic compaound include compounds Ravin trugture.represented ,
e S TRy R A s Trptts o the
compRPg-ReRRY 2 -ialkyhpmine NaghurC ingdlRzagi(iNbutyR206n¢ An@BY(@)a@)Y Hamine.
Examfffos 4T {Hé%ﬁ?(&)ﬁ%@d @ﬁ&?d&f%@Qs%&@@ﬁ%@,%@mmﬁmaﬁﬁne, N,N-

. e.same o rent represents rogen atom, an alkyl group .. .
cibun R B Ao BB Him BT AcE O SYOIBENN cloppive havine
hydrogyieferaplynkdaving atbarbondimbee efiBto126)ine, ahctnghgronme(havihgnalamine

Y an 0 [Ie ith-
SR A SR Iy

£roup AR ST IR ISR NI SRS IR, carbon number of

1 toRO o thys 02yl kyhgreupi havireda Ll @ theroPafoet kill2the@sd are used in
comb%?noalkyl group having a carbon number of 1 to 20. Each of R203 R20a
05'and R206 which may be the same or different represents an alkyl

groliis evmg a ehibenbasinsenafornd 20edHe akyalbioliptin thsk to 10 mass%,
preferﬁ»%ﬂ@ﬁ@% Géoit@ogg}ﬂﬁlsm;%@gsmwnamwgyftﬂ%@‘ﬁgiﬁc%isammﬁs

(0] € compouna include guanidine, amino rofiai e,‘ razole, .

oL o B B A TkERATE. AP T o R Ay used in the
comppipandinerdtonblipaeidrpedeexaniplas ofthwvodhigumelineldidena2.5 to 300. That
is, théompaungihaying.aR ipidazalestrugiure, a,AiazaPicyela i Stycliie .8 iution and

onium hydroxide structure, an onium carboxylate structure, &

preferghly Jhnn&est (Rt dhe staminAEL 61 SHIR S R RitirsE Uhoeifeteapiution due to
thickealiiglasfitie desivaipeechaving afiydrafyt gropgardietidrhetherchonditandhe acid

generﬁ%r%&iﬁecgi%ggﬁgge(@}gyxi}%g & Q‘Mgi[g )&éf&%%lllg %Q{%{%@Q@ejﬂﬁf fQﬁP gfiore preferably
from 7.0 to 150,
(I') Surfactant

The resist composition of the present invention preferably further contains (F) 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 thercof.

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-63-34340, 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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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-di azabicyclo
[2,2,2] octane, 1,5-diazabicyclo[4,3,0]non-5-ene and 1,8-

be usadiazabigyclo[5,4,0Jundec-7-ene. Examples of the compound having an

0”'EQM}SH!SO%SP%e’s%ﬁw{&d&‘ﬁyd&r&ﬁh@&ﬂﬂ%&%{“ﬂ%@%{n be used include a

phenacylsulfonium hydroxide and sulfonium hydroxide havin

fuorigesenkyingrdtip SEHREEROAIGNEh SHYRGFShi SH Iy oJidiept g@&éﬁl 7pd EF303
(prodiney Ipnenyd)sifenicaschydioxiddonis (R pheny Diesip pivsd diedrexigamitomo

3M inE e[ﬂ/?c a&gc %ﬁi Iuﬁ] Wdlg? fg(lj %ﬁ%j glq)§oprlolwl I?Phl*e&Hm r&yl%%xﬂproduced by

e comp oun aving ‘an onium carboxylate structur

Daininp@mdele &o@b@nmiwrm nBualion SvidiatyS6F b cumpduad Hirgsrand 106

(prodm%;yhﬁ(gﬁﬁ?(@?aﬁ@gruﬁc? C‘?EB?%G?QJ%@f?p?@ﬁ@?éﬁ('@ﬁr@??@%ﬁﬁncai) GF-300
e, a carbo ae a erriuoroalkyi car ate

and QRO PRoRBELHA hASTH Y FARJHFe L G a3 (produced

by Seﬁi(wﬁlhﬂtyl)‘ahﬂme mm@ﬁm@nmmlmm@m e BEAEEEARTIURT 135M,

EF351“%‘5‘9%§09"%@%@X@@?§@ N(F&&iﬁ&%@fﬁ‘ﬁ%@' e g‘ l?*#é’é%”'i*@%s%”%ﬁmo

N-dihexylaniline. Examples of ne derivative havin

and PROARA PSS BTN BRRas b TR R A&, 2306, 204D, 208D,
212D dmmmmmmepﬁmh@wm ard Lta(methox&@mwhmh)aﬁuﬂepoiymer KP-

341 (%Ei‘)té" mEae I'S)apln%?ﬁﬁ I“ derlv %e hg%ég%a hyq 1%%0(%'1 gse%ﬂd 31 zcon containing

5is ﬁydroxy laniline."One of thesé
surfacggthpounds is used alone or two or more kinds thereof are used in

cobiaatiom Hag-armawt Qﬂx@ﬂ@t&%'%%ﬂm&"dﬂﬂd&‘?}g Yalky fihe a fluoro-
linh 0.001 to 10 mass% refer fr%q}oj, to5 masso?; b;éjfd on the soli
aliphalie, &rqugy tﬁ%‘?’&’isf I dositiEHO eI SOMREH the ALk gbsnéﬁt‘i ce
telomanehthe hasiecomsourd!eded irldiver qonupssitionads plefenablyzdicid process (also
caﬂedg%ﬂe@ﬁgm@?'%ﬁ%&w%@%@%&dffo“i*l?e5 EB&&al?ﬂﬁ%dS’cﬁ}ﬁﬂm{af can be

ratio is preferably 2.5 or more in view of senS|t|V|ty and resolution and

synthesizedr B (pepty P bdessrahrdir B8’ 8P elippressing the reduction in
resohstipsi dner thathigke fiagr @fatt;ﬂmiasugtcpqitesr@)m‘ﬂﬂaegym affelexpostefiuoro-

ntil heat trea ment. The aC|d epe ator/b om mare
el DGt ol e N R
pOfYéﬁWé&béﬁi@hélﬁé%ﬁgfﬂéﬁpe@n&W sPpEypresamynbeYRion pretsrapldistribution or
may fb'éth@r§Q@E'@§;{<ﬁ}fﬁ1@$urfaEFéﬁ‘ﬁpE@Qr%@rﬁf‘@r%ww&ﬁ?km) group include a

POl SN CEHAL LA B - B SO ylgne) eroup.  This
groupsuma@iamb@@mammqabgthﬂeylﬁuwdaéfatmm iartteachiliodaratibrm)idrinviio: orme chain,
such MOMJRISUBE BBy (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
monommers or two or more different (poly(oxyalkylene)) acrylates (or methacrylates).
Examples thereof include, as the commercially available surfactant, Megaface F178,
F-470, [-473, F-475, F-476 and F-472 (produced by Dainippon Ink & Chemicals, Inc.) and
further include a copolymer of a C¢F (3 group-containing acrylate (or methacrylate) with a
(poly(oxyalkylene)) acrylate (or methacrylate), and a copolymer of a CsF7 group-containing

acrylate (or methacrylate) with a (poly(oxyethylene)) acrylate (or methacrylate) and a
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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 mn or less, particularly 220 nm or less.
(poly(@xampiescot thefllawinercoadainigtr@nd/or silicon-containing surfactant

includeg. sur n jbed j P1A-61-2267 -

3 pr\-gﬂﬁ ’{3@%@ Eﬁﬁ’?ﬁﬁegi*:f%o%“é%%ﬁ’ ré%‘g?s%%afgo,@P%%%b%%%ﬁ“mg andfor

siliconymontgrepg s fipiao Bay32lsop be-gisgkg, Spealifnoxappiee 2heme{) melude a
nonioliRteME &) 2utR0xsp36 0220 PIERI:BEL, 2 BE (330, ohdkAlBylene lauryl ether,

5,576,143, 5,294,511 and 5,824,451. The following commercjal ,
potvoR AR, R SR R S1051598 BB LAl ES PO BATpIbEc Pl ethen
polyospetimibreiaildelithbibessifagtapbiyhigietartebe asgthbindoldetizer, polyoxyethylene

1fHarinessentaipi iR ind t i
AR i

hin-Ak ( .
esters glego: (ROt e 8 B SO SRPIRR P WMelgasate FAPTaf fpRofifeRgle, sorbitan
monoblk8&, KtdBiahl ) dale! 7sdriizéh anBtROB{prodiiged) byy dilathippaorsikek fatty acid

mi - Surflon, 5-38 101, 102..103, 104. 105 and 106 :
e By A Gl e g M Sl R Hopamicac
polyogysthyiean  sarbisoomapessratsonglsayedy isper seigtan Cplsaifearolyoxyethylene
sorbithiduiste@@), Ltd.); Surflon S-393 (produced by Seimi Chemical Co., Ltd.);

Eftop EF121, EF122A, EF12213, RF122C, EF125M, EF135M, EF351 .

35%?%@?%%%%%%%%?&% & ?f‘%y‘b‘eﬁ%@i ﬁ‘é%ﬁ%éé‘?ay be used in
combPEG®6, PF6320 and PF6520 (produced by OMNOVA); and FTX-204D,

208@e 218(an23Pthe XA 2RBRS) 24P 2B RAMR2ZDHRTRAULLd P¥ass%, more

Nﬁ}(ﬁ)%Co., Ltd.). In addition, polysiloxane polymer KP- 341é1r%roduced by ..
prefergiin BRR CrlertichlBbS Loy idy RIS b URURE Shcbi-conimigrosition
(exchalinfadtanbl@titer than those known surfactants, a surfactant using a

(G) oBﬂlM%%%%gea fluoro- aliphatic group derived from a fluoro-aliphatic
“compound which is produced by a telomerization process (also called a

telori@r [rotie SSTBIOBH Olig B &b alitsHCHF o BENTIB 0 MY | kPR IBIigEthetn  onium

carbopyQaess): vagyple vsadt: dheHuarr-atiihatimenmpouiichtan berboxylate, iodonium

carbo%ﬁ%@e%gﬁ dalk‘-i)‘XT}(t;nel method desgribed;in %%xjr-tféh Q02:90 909ml}in-1r hceaﬁ)%lngri]ae{a (G) is
Ving A fluoro-aliphatic group is preferably & copolyrner of & flioro-

preferghbhami daghouprt sritai i guioniomealiith B ieiyioxsalky lenbyxabrgatsidue of the
oniun@BeHen 1 ARAMERAIKY IRNE) MeiBachalioanskdhe SAPebIMER MY tic group

d an irr ul_ar ?Dlstrl)gutlon r a;gj})éeablock cqpolymerEﬁl;x[?F[;qgleslof the branched
and. 1 SRERRGTe S GFBUD TAERicd B AN bR ee SLRIY & mear. branched.
monopphixypropyietic) Gkslaidoddapo kiiexy batytene Jegrboup ntihiber 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,  nonafluoropentancic  acid, perfluorododecancic  acid,
perfluorotridecanoic acid, perfluorocyclohexanecarboxylic acid and 2,2-
bistrifluoromethylpropionic acid.

These onium carboxylates () can be synthesized by reacting a sulfonium, iodonium

or amumonium hydroxide and a carboxylic acid with silver oxide in an appropriate solvent.
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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

grolip: containioGtheamome rahdsay giolfloxydhe/tema)paitndaseztoerally from 0.1 to
20 mefg‘sem%ﬁwé’i‘ﬁ%))}sfx%% 'éiB”i%dzé’ %49/9, MB?J %F&Q&W?{&%”ﬂ@w %@@& Based on

ternary or greater copolymer obtained by simultanéously copolymerizing
the englyg it SRR ARTEHIRE fOBHRRSISHAtic group-containing monomers or two
(H) Odiemnadgidifferent (poly(oxyalkylene)) acrylates (or methacrylates).

Ex les.thereof include the commercially available surfactant

B O S R U A B RS R g cxamle, »
dye. DalpHptink BhaReenidatsr. ic e crbiatbess inelabiali wopbly resirefa dissolution
inhibiteRhd aresapeRntadingageriale(Qf Jnethacr YiatedwWith fer (for example, a phenol

ol (gxg/alkylene(%a é/slateég#m?'tq élate) and a copolymer.of a C3F7 . .

comp R RS A CREH i EOF Theinel LSS Wi Ty BBy i) containing
alicyc'ﬁcrymbﬁhﬁtmmwmbjmiwdm_ (poly(oxypropylene)) acrylate (or

me’i*?%‘?{&ﬂ@ﬁgi;J&ﬁ%ﬂ@%ﬁ%ﬂ@@%Bﬁ&lﬁ“%@ @to?th%()@%? W5 can be easily

fluorine-containing and/or silicon-containing surfactant may also be used.

synthegigedify SpsriitedietRopih Rl deronfolidisumatiant dergithed. for example, in
JP-A-pelgaggeiiplene -akss etiessKeieht polyeyethytenertaueyl BiRen 219294,
polyoxyethylene stearyl,ether, palyoxyethylene cetyl ether o
o T R4l Sk i compound
inciucgm gsthyleigitsctyiplictiobexhibe, patl dsaraaiiehevingryistierbsetsase. such as
choliP@y@yeshylenepalyipyii Rkl Ilogk Capchima R ARNHBNAY R%iderivative,
eséers g@% i!sor itan monolau(Iate, sorbitan (%ono almétate .sorbltand d
an - ASHOSRADSHCABIRNES maiBbleatd, sofSTATEHAISSEEOQSHfan ac1d  and
cyclohdsteariiceytandlpotyakyethylene sorbitan fatty acid esters (e.g.,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene
EXAW%F(gn trioleate, polyoxyethylene sorbitan tristearate). One of these
suridetgmesamain bentise dsadone; lerisexleralisurdetants tin@ixbeplsedin the present

inven.ggmgigaﬂf)ﬁ'otmecm%g A %@&%ﬁ;ﬁ?ﬁé@%é@tgsed is preferably from

.01 to 10 mass%, more Fre er rom 0.1 to 5 mass%, based on the
Synthgpigexamplint oFipbsasist Bsmpoditidh (excluding the solvent). (G)
Onunasashaxyaie fheretst cosTRAGIHEN SSKHE PROsaR! WMERIQRJMaN o a three-

neck £ tairr]ug e g;u%sﬁgrﬁlgﬁegrlﬁ?%g ' aILE .)§gm€(l)%sb% f é/?ge?g gﬁgﬂ&%‘r vgﬁgjgzg g of 2-(1-

m%ﬁu e sulronium carboxy , iodonium’ car
adameaipt dixyipas: Ary baatibatay |atee Dhigmichfdibpdtex(s) damantyl methacrylate, 6.1 g

of B-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 6 mol%
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 720 ml of heptane/80 m! 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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preferably an iodonium salt or a sulfonium salt. Furthermore, the
carboxylate residue of the onium carboxylate (H) 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,
Resinif@ohocyclic or polycyclic alkylcarboxylate anion having a carbon number
of 1 to 30, more preferably an anion of the carboxylic acid with the alkyl

ar in rtiglly.on entitely flyorge-substituted. The alkyl chain may
contain gn dxygen atom. Tfnks to sugh a‘“ gonstruction, the transparency
to Iig@ éZO nm ord d}s ensured gensitivity and resolution are

enhanced,jand the iSo/dense bias and exposure margin are improved.
Exam}ﬁ@%b&he anionfof the (
anions of¢+ roaceti s yis
pentafluoropropionic &cid;
acid, perfluorododecan@@acid, perfléorotridecanoic acid,
perfluorocyclohexanecarboxylic acid and 2,2- bistrifluoromethylpropionic
acid. Thesé'sielihrreesyriessleocyieht Bd8)nthesized by reacting a
sulfonium, j9deaiym: pgammonium hydroxide and a carboxylic acid with
silver oxide, in an appropriate solvejntO 7é7 gﬁe content of the onium
carboxylatzngéﬁriﬁ#%%%%ﬁgls{ﬁgﬂ'iéé Wetally from 0.1 to 20 mass%,
SynthpresfErainhy e dniSyBHes b fifksstq AApre preferably from 1 to 7 mass%,
basefhen, Wk GRS coli SN Ghive PROBRSIRID ANESKAYHIHES o thrce-

The resist composition of the present invention may further contain, for
neck Bastrisid, eadrh ah HlaSticiZ8ET e phaidsHeni AN AR Rg HvaAksbengad 4 & of 2-(1-
adamalkahibseiahle-5e sirthadishadution ginh b isodiandraxsompiunth o methacrylate, 6.1 g

_acecelerating dissolution, in.a developer, (for example, a phenol compoun 0

o R B B L A A TS p T ot
based gicidierdiraiphstivecsmponint), 7if desirbmeting phbnol dotapoiind tldadgropwise
over @H@ﬁ@@puﬁftm&mﬁﬁﬁ#@% ef lﬁ@ﬁh\f}fﬁa bztﬁdﬁo?&iﬂyﬁém%ﬂadﬁ%ﬂ%bmeﬂ%@r allowed to

skilled in t with reference tp.the methods described, for example, jn
proce ek 115 358, LA 2 B (% FAIGH 4 SHLIAD ahAESp LA 20 then
poure@ateri810294¢ Beweificldamples ofitfle awatbioxydgtohp-pomtdénimgecipitated was
collecBiF YIS 1R AIRNANCIERIMPRUNG SINEIYES, PUFAENOLAN TELL 10n @i GBILOMC weight

acid derivative _hawr;j?ba steroid structure, such as cholic acid, deoxycholic
averagh MAREIAA SEHBIE dclle abaiehartmeeabeitiandcodinaiey, By/Mn) was
1.53. adamantanedicarboxylic acid, a cyclohexanecarboxylic acid and a
Resinr%%):hexanedicarboxylic acid. EXAMPLES

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 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-
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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 three- neck flask and
adamangplipdoat8Qcy] Thetetny hsolifignadbiidinkdydyodicdohviay D igneftRaftylate, 6.1 g
of f3- rﬁgtﬂﬁé B?f)BWB&?%1%6%@%%@5%06@%@@@(1%*})@E%ﬁégp%qamgqyll2 mol%

methacrylate,”6.1 g “of (3-methacryloyloxy-y-butyrolactone and
based QBRI HIIITE @B%Epah@%&&%mﬁm itpdaiy SRitRe wrtipdded dropwise
over mh@nmneﬁmmmccumﬁfaﬁog of maﬂmbas@imt)dﬂgelmmasmddem@mmmed to
er the mpI n.of dropwise ition th Jeag ton W

S
Toce OUrS. FEAGLION SOINOn Wd 0 cool and then
P ? er a oweg?} roceec‘f a% 81$OI' achOUI’S eresu tlng reac ion

poure@‘,om’t’% ECH an@wé@lf %9 edoifateyineataparetithe PROdar pftvepitaied/8@nsbollected
by ﬁl@iﬁh}ﬂrﬁpﬁiﬁz@ @sngi R ROVdEL RIERRitated 3\5\%@%@&&%@1 byrfilrati®eht average

molec g et 3 %ﬁﬁﬁ?ﬁ?ﬁgﬁtﬁ@%ﬁ@ﬁ DR B s 1.26.

Resindispersity (Mw/Mn) was 1.80. 78 Resin (Al): 40 20 40 J: J" O 00000
O O 4~OH OH Weight average molecular eight: 7,000 Dispersity: 1.80

M cdm 40/20/ nthesis Example 2 (Synthesis of
esin ) Myider a ffrogep stream, B.4 g40f methyl isobutyl ketone was
char into a threes4teck flask an d at 80C. Thereto, a solution

obtained By dissolving 9.9 g of 2-(1- adamantyl)propan-2-yl methacrylate,
4.5 Hrdihydroxy{~2damantyl meth _ , 6.

(3-meth yloxy-y- {AZ0opisi itri
corresponding to 7
of methyl isobutyl ketor%Hwas addedd
completion of dropwise addition, the reaction was further allowed to
proceed atW@fghbﬁ@W@Qr@OWélﬁéﬁiﬂﬁﬁg?r%%tion solution was allowed to
cool and thp[gp@p;ﬂ)eq ingB80 ml of heptane/120 ml of ethyl acetate, and

the powde itated was collect é?% iltration and dried, as a result,
17 5 o of PR RO L SO TeE: THE Uil
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-adamantyl methacrylate, 6.1 g
of B-methacryloyloxy-y-butyrolactone and azobisisobutyromitrile 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 680 ml 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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average molecular weight of the obtained resin was 5,800 and the
dispersity (Mw/Mn) was 1.53. Resin (A2):-q+40 O0400000 OO
OH OH Weight average molecular eight: 5,800 Dispersity: 1.53 Molar
compositional ratio: 40/20/40 Synthesis Example 3 (Synthesis of Resin
Resin(A3)): Under a nitrogen stream, 19.4 g of methyl isobutyl ketone was

tyl methacrylate, 6.1 g of
obisisobutyronitrile

proceed at 80C for 2 : ToWZ

cool and then poured it20 ml of heptan€/80 ml of ethyl acetate, and the

powder precipitated was collected by filtration and dried, as a result, 15.5

g of Resin (Aaphias ypesinudecrer walght &h8rage molecular weight of

the obtainggl§gsigiiyap £5800 and the dispersity (Mw/Mn) was 1.26. Resin

(A3): 402 000000 0Oa _4~@ H Weight average molecular

eight: 2,80 SeraRgS SN t¥rmipdtitional ratio: 40/20/40
Synth&ynithesip ExXa(ipieht (S phfhesis(@fSResin (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-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 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 ethyl acetate, and the powder precipitated was collected
by filtration and dried, as a result, 18.5 g of Resin (AS) was obtained. The weight average
molecular weight of the obtained resin was 6,000 and the dispersity (Mw/Mn) was 1.75.

Resin (A5):

Weight average molecular eight: 6,000
Dispersity: 1.75
Molar compositional ratio: 40/20/40
Resist Composition (Al):
A solution having a solid content concentration of 5.8 mass% obtained by dissolving
the components shown below in a mixed solvent of polyethylene glycol monomethyl ether

acetate/polyethylene glycol monomethyl ether (60:40) was filtered through a polyethylene
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Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into
a three- neck flask and heated at 80C. Thereto, a solution obtained by
dissolving 9.4 g of 2-(1- adamantyl)propan-2-yl methacrylate, 4.5 g of
3,5-dihydroxy-l-adamantyl methacrylate, 6.1 g of

filter {8vingthpeorylopoxdyt butyrokcimre Rerdsagoimgisoboty(aditrile

CO'?E@%E’P{H 00 193040t I{Heﬁ?ﬁﬁﬁ&ﬁuﬁﬂ%gﬂﬂﬁt@%@mﬁ@aﬁ‘ﬁ%?}yl'éhﬁﬁxé’* 9.7 mg,

of methy! isobutyl ketone was added dropwise over 6 hours. After the

and Pleiafietiiiae &%ﬁwg%gawfﬂﬁﬁnﬂ?é%féﬁd?w@é‘@{mé& alldvR# to
ResisfiboagedidbBOA N (dl)s. The resulting reaction solution was allowed to

co ured V? O fhe tane/12 feth Iacetate an
théﬂ ecs)l\?\?d(té}l preci lﬁg%ed @]‘? ecte pﬁfratlcl)rlrr:ﬁ:%\n%ia(‘ﬁl as aerkecse tfor using

Resm&%@b%fﬁ@s%l{l@ﬂs Qfd%‘?@m&méh The Welght average molecular weight
Compgﬁah@qu@ d resin was 7,000 and the dispersity (Mw/Mn) was 1.55. 80

T s AR A R P YRRl ndustres

Ltd.), 42@12Gm&dSynm&smlExdmia@@wﬁlésl@dfaRééﬁ?%))6(Daetemels to form a 78-
nm arftHPRERSIEAM o B At JSERHIYA KEROENAS ChAGL '959t@dﬂil{%%on and

neck flask and heated at 80C, Thereto, a solution obtained by dissolving

bak.edgggfé (f ﬁ;&ﬂmip%pfaﬁjrg%ﬂ %%”t‘ﬁacfﬁﬁé% k{lg g gfhe obtained wafer was
subjeddel- dihp’ﬁtaxydxpdamantyh@aﬁhﬁﬁfy&ﬁﬁnﬁrl]gs@fscanner (NA: 0.75). Thereafter,

the rg” %C%%/ '%e}’n)édb”t%’ rq?&? n%@ Zof?(!glr? bufy NG Itnloun}w gn aqueous

orrespondlng to 7 mol%%h based on the entire mor’lomera

tetraﬂ@rhﬁ@@ﬁwww@é@@n@v@a&%ae@é&m@b&epﬁtﬁmﬁgnﬂf@ﬁl@er) for 30
secon@@@eteﬁtw@ tehé wm@w@mtlaﬂd tﬁ@séaaﬁﬁﬁrpw@sméh% abauved }Bﬁttern having a

d at 8QC for 2 ho It ti tion ed.to
e U e e
with ipowderipredipitated Wwas colebipd) Byl atonmald st yasacabiyie] dp@i&it) and
rinsed AR ESB AR WasiAbeIGhnT s W@é@ﬁ%@‘f%@%v@gﬁﬁé‘]w YeightREonds, and

the obtained resin was 6,000 and the dISpeI’SIt% % w/Mn) was 1.75. Resin
there )tllf‘owafer was rotated at a rotation number of 3,000 rpmfor 30 seconds to obtain a

150-nm (1:1) line-and-space resist pattern.
Examples 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 (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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OO0OO0O0OO0O0O OOH 01zl zZz~ OH Weight average molecular eight: 6,000
Dispersity: 1.75 Molar compositional ratio: 40/20/40 Resist Composition
(AD: 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
fablerponomethyl ether (60 40) was filtered through a polyethylene 81 filter
hraving a pore ?ﬁ g of O-Fmto prepare Re ISt Gomposition(A-1)-Resin

(Al): 1.83|g, tri %%;/Isul OMRUFNNO gﬂ%@‘ 6:mg, dipheayigniline; 8:
mg. and PE@P% {98rine-containing"st ctartoroduced by OMNOVAY)

Combat41ige Resist Gampositions (A2) to (A%)o Resist Compagitions (A2) to 5
Ex;{pﬁgbevwere prepared in the same manner except for using Resins (A2) to

(A5) T ptace of Resim (Al Cgmparat %:I(dm et armc
Exaippifiection fili*ARC20A {} oducedgg\() issan Chenz‘llct*%ﬁglndustres.6'8

Exddhil vag coateg’on a 8tinchsiligon viesigy and baked at2§5C for 60 5.2

secpngs 1o form IB‘WNTHHIE’ETIE- ' Ctio dResis TMPOSItOT (Af)
EX%’PQE rL?ged ahove'Was coated theréon a?%5 hakeld at 120563fg2)r 60 se “on@g

Exatmpﬁdxfm a [150-nisesist filmATFhe obtasigd wafer was subfected to|pattern

EXposure using an ArFexcimer faser scanner (NAT 0.75). Thereafter, the
resist film was heated at 120C for 60 seconds, developed with an.
ExamaBuous tetramethylammonium hydroxide solution (2.38 mass%)

poﬁﬁ“@? € %YI%E)&?QI{ ll?ip ﬁﬁ% (%% %{'ﬁ'&’@dtBQ%‘}i %% ?g{rjl}rﬁmgljl%{lstrxes

rinsed pure water to o taln a pattern Vln ItC 0] an

Ltd.), nﬁ@s\ﬁw%msograwhﬁalmmﬁa 35 Patet A 1S tevellopssandside form a 78-
nm axhu&l@@ﬁaﬁelﬁn%@ﬁtmesi@tneaﬁy@éamr)(m%ﬁ@ﬁ@@@d@dﬁ@g@t&@mtmreon and

bakeddgtv ?@JBGP tx) %Bd e][cms dWItP()ll hex?gn (mnsm S lﬁtlon 1 0 a:%\étg w&fer wWas
tone evelopment or SECOH S, an erea er ewa er was rotat

subjecied totpaibnm mqpbélmflgsmeoarpmrfoﬁm@@tmg tocobtaiMeA 180-Fan Thereafter,
the rkbid) |M%1a%§pﬁ&ﬁe@8§t Ratiern. foxagpleschias?: bR SaMeMANREr aqueous
telramae?hly acl: o n?&%lvk%/ roxgg soJIut:lL(?r(l) &r’% %Sln%a)isr it g(?stitt?\rfgstgleeredeveloper) 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.

BEvaluation of Dimensional Uniformity:

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 (59260, manufactured by Hitachi Ltd.). The standard deviation of 50 portions
was determined, and 3¢ (unit: nm) was calculated. A smaller value indicates better

performance. The results are shown in Table 2.
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obtained using Resist Compositions (A2) to (A5), respectively. Evaluation
of Line Edge Roughness (I,ER): The 150-mn (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
Table2d.). With respect to the range of 2 m edge in the longitudinal direction of
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Example 17

isoamyl acetate

dodecane

9.2

Example 18

isoamyl acetate

3.7

I-heptanol/decane (50/50)

The vapor pressure and boiling point of each of the solvent for negative tone

developer and the solvent for rinsing solution for negative tone development used in

Examples 1 and 5 to 18 are shown in Table 3.
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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)
Tablelhe-and-space resist patterns obtained in Examples 1 and 5 to 18 each

was r the dime [ intervals of
LA ANC A M.+ 1 A A B W L L L
standafdidieetatfon of 50 portions stzd@%@zrmlned, nd 36 (UhB6HM) was

calcu@@pa&@maller value indicates pgftgr perfornance. Theﬁe ults are
: ) o bl S ion onal é .

Tons@aydlepeatiegative Tone Unifbbhity4nm) DevelopmeridEZs@mple 1
but cet xanol 3.1 Exampl ylacetai¢ I-hex | 4)
§ %aiﬁﬁ%v ar‘(a'ratp 1 hpxangl' xample|7 methvﬁllin Uty
ketoné«liehmml 35 Example 8 2-béxddtne 1-hexanol 2.72E.xamn1e 9
me[ tone I-hexanot 976 fe IO diprppytether 1 -hexanot
t¥ﬁ'§ }'ﬁﬁ Tfryﬁbutvl ether 1- hei:g £2 Example 12 bu ¢
acetatgfaplyexﬂﬁ@ne 1-hexanol 3.5 (@(3/29) Example 13 isoaggybgaetate/

UIUULyI J. IIU)\d.IIUI O O ULIIUI \lUIOU} E)\dlglU J.'-I- IbUclIIIyI acetate

1-hepERHE S EeExample 15 isoamyl bt 2- -heptanol 3.3 Bdariple 16
isoamng&@@@@ decane 4.3 Exampdpll_;ﬁds@amyl agetate dodegape 9.2

Eyvamnlia 10 h 1 haoantann~ doapranao EOIEO)- 2 7 Thao vanaor
I_AClIII'JIC LU |oua|||y| Cl\.;CLaL b L IICPLGIIUIIUCL;GIIC \\JU U} JT rrre VuPU'

pressurd@ti@nBbiling point df each &F#é k¥Bvent for negative 134&C
devel(g)gglﬁggo;he solvent for rinsing salytign for negative tQQg._1 0o

n\lnlnnmnnf IICQ :Il

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,
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).  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 to obtain a pattern having a pitch of 400 nm and a line width of 200
nm.

Examples 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 (A2) to (AS) and (B1) to (B6),
respectively.  The formulations of Resist Compositions {A2) 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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Examples 1 and 5 to 18 are shown in Table 3. 84 Table 3 Solvent Name

Vapor Pressure (20C) Boiling Point butyl acetate 1.2 kPa 126C ethyl

acetate 10 kPa 77C isoamyl acetate 0.53 kPa 142C methyl isobutyl

ketone 2.1 IcPa 117-118C 2-hexanone 0.36 kPa 126-128C methyl ethyl
Ltd.). ketdutle £616KRa 86Cdigropyl etheed:8 kPth8doaptuditmlitglrethen®bthe 200-nm
line p%ﬁ&r}"’% dheranglhldkRadeiG hhenianet QIQ:]-%L@D edshkol®E be present was

2-heptanol 0.13 kPa 150-160C decane 0.17 kPa 174.2C dodecane (.}Jj

measwﬂa %1@02@0@%,%1 afigr ARtergHHREaH TR fiRYiiRE29A (unit: o) was
calculfprdduceshingiMissiure Glikoaicabbitusicidsymldick ), Wak€oaigts ancasBoinghin Tables
4 an %IllCOﬂ wafer and baked at 205C for 60 seconds to form a 78- nm

antlreflectlon film, and Resist Composition (A2) prepared above was

coated thereon and baked at 120C for 60 seconds to form a 150-nm
Tabletesist film. The obtained wafer was subjected to pattern exposure using

an Ark eXxcim |as§r scanner (N A: I&}I /I‘g:%’ I\..ur)cequently, the resis TII{%R
Empldevelo&e st} butyl &estatq ( \{] Morle deveigpesjifor 30

L . {nm

seconds (npna nnp dp\/plnn ‘npn ringed with 1-hexanaol (rin ng

sélution er negastlve tone d@i/elc pme’mptbr 30{second$.88nd thergaftérd

i 8 waferfwas r t@ted atja 8§UOIH nu%%r or p,U000 rp{gn% rause ,ong.g 10

obtain.a pattern :q\/inn : 1400 nm and a line wi of 200 _mm

Examples 20 to&9: In “the sAfe manri808s in Examplel 29, patterns 5.3

ving a pltCh 4 nm and nel wid 200 hm wer tained dsin
'D]%Qiet Cd mpnef%gnc (A2) tr?&#AR\ qg i e 9'2 o

féBmulatigns of Résist Comﬁdsmons (Ao (Ab) are ad déscribediabdvé,

and the formulations of Resist Compositions (B1) to (B6) are shown in
Table 5 below. Evaluation of Line Edge Roughness (LER):

Table 5
Remst_ Resin | . Acid Basic Surfactant Solvent LER
Example | Compeosi- (10 @) Generator | Compound (0.02 ) (mass (nm)
tion g () (2) it ratio)
24 B1 A6 PAG-A |PEA (0.05) W-5 Al/B1 | 6.0
(0.50) (60/40)
25 B2 A7 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 | 6.3
(0.80) (95/5)
27 B4 A9 PAG-C | PBI(0.07) W-1 A2/Bt | 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 B6 AS PAG-D TOA W-3 Al/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.
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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 (S9260,
manufactured by Hitachi 85 Ltd.). With respect to the range of 2 pm edge
in the longitudinal direction of the 200-mn line pattern, the distance from
the reference line where the edge should be present was measured at 50

Table BOINts and after determining the standard deviation, 3a (unit: nm) was

calcutated—A-smalter value indicates-better-performance. The resultsfare

No. ShawvineFabjes Mianshh: TablE #iExample ResTTPREH MBlecalay | Mw/Mn
Dispersity LER | Composition Weight (nm) 19 ARAI'9680 %6 B.9 20 A2
A2 5800 1.53 6{3 21 A3.A3 2800 1.26 5.3 22|A4 A4 7000 1.55 7.2 23
AS 00 1.75 7.4 Table 5 ResistAcid Basjc Solvent Resin Surfgctant
| ER Example Co I-(10 g} Gerjerator Compound (0.02 g); (mass| (nm)
Lio ratio) 24 Bl A6 PAG-® (0.05)|W-5 Aéé% 0 (3.5%)9
A6 160/40) 2% B2 A7 PAG-E DJA (0.05) WL2AHB2 5.8° 10 %(40/55? 6 B3 4
AS BAGBIPA (0.06 A2/B3 6.3 ¢ 95/5) 27 B4 A9 PAG-C|PBI
0.07) W1 A2/BI 6.1 4G60) (50/50) 28.B5 K7 PAG-F DIA (0.10) W-4
A2/B2 6.5 (0.20) (40r§0) 29 Bp A9 PAG-D TQA W-3 AI/B3 6.2 (0.90
0.08)(90/10) Tihe abbreviatio fesindicate those setforth
hs ST/IﬁC exarnpj j
0" O oiNe' o" O
A7 50/20/30 5500 1.5
O OH
o HO
A8 50/10/40 4800 1.5
O
CN
© HO
1, x
o 0O o diNe j/
A9 c” 0 40/20/40 | 5300 1.6
S on| (7
O HO
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above or the followings. 86 Table 6 No. Monomer (1) Monomer (2)
Monomer (3) Compositional Mw Mw/Mn Ratio (by mol) Xx OO A6
30/30/40 5000 1.4 O HO OO O~0O O rj~4 A7 A 1 50/20/30 5500 1.5 OH
O HO O xXX AS 50/10/40 4800 1.5r~~ztOCN OHO OOO A90Q
40/20/40 536 O4~OHOHO87 NN (\S+1\ SO3 PAG-A S+

¥ C4F9S03 PAG-F I\ S+ I-\ C4F9
aniline TRAFyHOtylamitRBA: N-phen

S'*" 02F5803n

+

PAG-E S; + C4FSO5 PAG-F ] C4F3S04

DIA:  2,6-diisopropylaniiine

TPA: tripentylamine

PEA: N-phenyldiethanolamine

TOA: trioctylamine

PBI:  2-phenylbenzimidazole

W-1:  Megaface F176 (produced by Dainippon Ink & Chemicals, Inc.) (fluorine-
containing)

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 Co., Ltd.) (silicon-
containing)

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

Bl: propylene glycol monomethyl ether

B2: ethyl lactate
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TOA: trioctylamine PBI: 2-phenylbenzimidazole W- 1: Megaface F176
(produced by Dainippon Ink & Chemicals, Inc.) (fluorine- containing) W-2:
Megaface R08 (produced by Dainippon Ink & Chemicals, Inc.) (fluorine
and silicon- containing) W-3: Polysiloxane Polymer KP-341 (produced by
B3: ShinbEtswiBttensical Co., Ltd.) (silicon- containing) W-4: Troysol S-366
(prﬁqméﬂtﬁgéﬁ%WWn = Bfﬁés‘stgomg%ﬁﬂ)m&t%w DAt composition,
fluorine-containing) W-6: PF6320 (produced by OMN
negatiy§oiine-LoYRQPTAG MFpTaRyTEREigNH coX ﬁf‘c&%‘ﬁ?efﬁ??éiﬁ‘é?i%@t%&b ¢ ghe present
inventiyalaheXxapadgBiuptopylcRaglycal manbmethyloethare BRhatkddactiaieormity is
88 B3: y-butyrolactone As apparent from these Examples, thanks to the
combination of resist composition, negative tone developer and rinsing
solution for negative tone development of the present invention, the line

INDUBdag squgippess isyaduced and furthermore, the dimensional uniformity is
h| INDUSTRIAL APPLICABILITY By the pattern farmin g}lﬁ%ethod and

he r%é?&%%?%rﬁ‘ B & AR B h iR Teilor PP AN PRl PGRFEL dPYGation. a
patteredgehrwgt@nésimamdigﬂgﬂmmghmsmnmﬁll’mghfdlmﬁysmmﬂtamﬁdmny is obtained. In

pamch%F“% ?}ﬂ% BiaPheractsal DRIRINE OG- ARN A RRMGHE ENDIBMARME Pelopment

double development technique using the same are provided. These
technigith Ridfe ke AABRATAMEP PARErnin G TRdEMINGUSH AE MR st s thgipder the

same CQhventiakadsabhnaiogh vehedpattesohiorogy Meibgkedinéopragentethod of the
presenlgvr?\petﬁ lrﬁ])ésl t?slﬂay 4 e(a gﬁg B{gccees 3 %%chgdl’{%m gﬁ%%r(l)lr(}: ch?urc E%{: as IC, in
In the pro UCtIOﬂ ofa CIFCUI'[ Ol’tfl crysta erma

the pwéaat@ﬁd%é ke unePdhir Iitsitaptidrodesadf bthérand the like, and in the
Iith@gpg&tpIﬁ@g&@&tﬁﬂﬁ@/ﬁhﬂgﬁb@%@ﬁ{ﬁ{gh has been described in detail and

wit ce to s ecific embodj menk(tgl her § éwnl ag[i nt to One . .ifi

skl luﬁ 8}}%%"%8 vaaoS &?a SR BR P SR afiBhe Cih TR o specific

embodueits Withoufi depaliting drparehie tepint asha lsdoppettiveadiofhahisrious changes and
modi GRIGRUOR ik PRARRAIDIARARRRR FGRhA PRIGAHPRHARANSIERAURALF,

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.

high.

89



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.

89 CLAIMS 1. A pattern forming method, comprising: (i) a step of

applying a resist composition whdse/sdilbility 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
disperginyP a7 Briies Bt ading™ e HISie of increasing a polarity of the

resity y aspactiappifyarz agide (st ammppmsmﬁe stbpsea@@h(h&):@dewelomgﬂme tone

devel%g%o &Y me%s%{ﬁﬁ@ Ivge;[? a?lcg £Y3 %p{%r agtlm p?at%em fgch {ose SO| %I‘xch contains a

omprising: ep 0 app ying a resist composition w

resin hétg@gverw\«\@yelé@/ B a@erreéﬁegtup‘oﬁnﬁa@epawﬁrhﬁnlahmdm@d being

capabfédigfiereaisoisha8niiNe 5oy havirwabRlicyelis hydrocarbon
strtgéure and a Wel ht average molecular weight of 6, 000 or less and

%%55\%?@“6? ‘ﬁ %g a polarity of the resin by an action of an acid;
(ii) @w) emsmmw;stands(mg a deardlop mendstefopsing a negative tone
developer. 3. A pattern forming method, comprising: (i) a step of applying
a resist composition whose solubility in.a negative tone developer

decreade@ipBn HramaBrloth S RESHE ray or radiation and which
comiaiasSae;recﬁirabﬂmg an almcﬁomydmizarbwh@ﬁfumbﬂeﬂiaydiaper&iégaofve tone

devel%pgr gx%% W?rgﬂfla‘?‘ %r%g rgglg%i"?eé ‘9’%%} r%dlapgg 3915(1 §' cgmams a

emng capa mcreasm arlty (0] resin by an action o

resin bevaageaap@iz}eb’élsqép‘dé%ﬁ{ %%W@i@pﬁ%ﬁst@pghélﬁ@eﬁiﬁegﬁﬁlﬁéq&ﬁéfvelght of

6,000@??@4@@% gbiddeapaiersy lasningn e haeAGCartio e tonany Ane b Claimsacid;
5{3 wherein |r% the development step using a negative tone developer

s\SB exg?fsor T a developer containing at least one kind of a
solv@hasble@mmﬁtwgame aspbhgehis &me: kavirgravapor pressure of
5.0 kPa or less at 20C. 5. The pattern forming method according to any
one of claims Ito. 4, which fur % r comprises: (vi) a washing step using a

rinsing SATGTA E‘Hfﬁé‘?ﬁlﬁ& AR SBivent.

(1) a step of applying a resist composition whose solubility in a negative tone
developer decreases upon irradiation with an actinic ray or radiation and which contains a
resin baving an alicyclic 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;

(i) an exposure step; and

(1v) a development step using a negative tone developer.

4. The pattern forming method according to any one of claims 1 to 3,
wherein (iv) the development step using a negative tone developer is a step
performed using a developer containing at least one kind of a solvent selected from organic

solvents and having a vapor pressure of 5.0 kPa or less at 20°C.
5. The pattern forming method according to any one of claims 1 to 4, which further

comprises:

(vi) a washing step using a rinsing solution containing an organic solvent.
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90 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 20C. 7. The pattern forming
method according to any one of claims 1 to 6, which further comprises:
(iii)ta déhelpghaenistemy sinthadpasitiverpedaveldper. 8. A resist

Co%ﬂ@%ﬂ?'@ﬁ@rﬁﬁ%“ﬁ%ﬂﬁﬂﬁ %Yﬁé%mger&h %@'E@l\/@n@ & rgsmllsing solution

. having an alicyclic hydrocarbon structure and adispersity of 1.7 or less
having gy peaRgrespup Rl I ikdiaq5iMg™8 Potdrty of the resin by an action of an

acid; (B) a photo-acid generator; and (C) a solvent. 9. A resist

composifion for,ng ﬁ%}’ne tr%% devela é‘?ﬁggocogﬂ (INP:(R2L 3 [8¥Nwhich further
having an alicyclic hydrdtarbon structure nd'a welgl(w) average molecular
compiiasigjht of 6,000 or less and being capable of increasing a polarity of the

resinibpy asvAsHionnkap ast BRirhoteracd genssator; and (C) a
solvent. 10. A resist composition for negative tone development,
comprising: (a3) a resin having an alicyclic hydrocarbon structure, a
disPersity o i .doompest eanthanageight tave tkge lopleot apweiginof 6,000

or iNng: b 13 I ' resi i
of ﬁ?iﬁﬁ%%%ﬁ%@é&éﬁ%%ﬁ@%@éﬁ%?‘i%‘?lf%ﬁé?s%‘ﬁ% ess

and belgerrah RRERBING TRV REHTS EotibPEiHY*CHNRPiediA%idiing an
aligRie prysdosdtbgmstiugtungiand a dispersity of 1.7 or less and being
ca Igs%j\i]@g{easing 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

hydrocarbansstisiahrandier weldht-avsragevabmriaculanyriabt of 6,000
or less and bein% capable of inchas'in agolgrity of the resin py an aci}lion
of ée%ai cfy-fesin having an alicychic ngdro arbon” 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 alicyclic 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;

(B) a photo-acid generator; and

(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
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(B) a photo-acid generator; and (C) a solvent. 13. A resist composition for
multiple development, comprising: (a3) a resin having an alicyclic
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

molequidarityi gifit tHeb1@3nobyesmnaadtimingf apadic { B)ceepliofoaacitugsnai diotesin by an
acnona(g}dar{gg}g.solvent 14. A developer for negative tone development, which
is used In the resist composition claimed in any one of claims 8 to 13, the
de&@%‘ﬁ)éb@f@nﬁﬁﬁs‘ﬁﬁﬁ%ﬁ%@ﬁﬁlc solvent and having a vapor pressure of
5 kit arigesnat 20C. 15. A rinsing solution for negative tone development,
which is used in the pattern forming method claimed in any one of claims
8 to 13, the rinsing solution comprising an organic solvent and having a
vapar prégssi efapbsiendpmonliglodeeBpment, comprising:

{a3) a resin having an alicyclic 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;

(B) a photo-acid generator; and

{C) a solvent.

14. A developer for negative tone development, which is used in the resist
composition claimed in any one of claims 8 to 13, the developer comprising an organic

solvent and having a vapor pressure of 5 kPa or less at 20°C.
15. A rinsing solution for negative tone development, which is used in the pattern

forming method claimed in any one of claims 8 to 13, the rinsing solution comprising an

organic solvent and having a vapor pressure of 0.1 kPa or more at 20°C.
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