SPECI FI CATI ON  FLUORI NE- CONTAI NI NG POLYMER
PURI FI CATI ON METHOD, AND RADI ATI ON- SENSI Tl VE RESI N
COWPOSI TION [ TECHNI CAL FI ELD] [0001] The present
invention relates to a novel fluorine-containing

pol ynmer which is suitably used in a resist for liquid
i mrersion |lithography in which a resist filmis
exposed to light through a liquid for liquid inmersion
l i t hography such as GICIFECAIION f i cati on net hod, and
a radi ation-sensitive resin conposition. [ BACKGROUND
ART] [0002] In the field of mcrofabrication

repr t he manuf acture of integrated ircu

esented b t
deih Q@WTQQ%W@ POLAVER oBYREHEWTIAY METHOD, AND
m cr of abri i A e n
dermnded | RANALIO AT E sy Clyee TS
integration in recent years. However, _

m crof abrication in a subquarter mcron |level is said

(fficult using near ultraviolet rays such
Uiggﬂ%ﬁﬁégﬁyﬁﬁéi are generally used as radiation in a
moﬁggnnn I ithography process. Therefore, in order to

enabl e mcrofabrication with 0.10 mor |ess, use of
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rays y excimer Tasers,
expoldto 1RhEMéPh DERAS for HAHid iBEndrbibe liﬁﬁ)@r@ﬁ?&?ﬁ&?ﬁ-vyﬁeﬂfﬁ F
exci mer | aser (wavel ength: 248 nm or "an F exci ner

- purdfafibn (ieBial AR0E Adiali8R-sevedtsin GbMBHsifd@L.t | cul ar
attention. A nunber of resists (hereinafter referred

to as "chemcally-anplified resist") wutilizing a
chem cal anplification effect between a conmponent
[BAGKGRPENDaARTF di ssoci abl e functional group and a
conmponent (hereinafter referred to as "acid '
[0082her at or") which generates an acid upon being exposed
to radiation (hereinafter referred to as "exposure")
havia the énldmfaoporodabrivstien reprsiseiited by thebhanufastur ef mgegrated
. exposed to such an exciner |laser. A .
cirqifedevicas, lighagmanhic teelnolegyi epablingsmissefabrivation st Gwhy pm or less
has been demanded in order to increase the degree of integration in recent years.
- However, microfabrication in a subquarter micron level is said to be very difficult using
near ultraviolet rays such as i-lines which are generally used as radiation in a common
lithography process. Therefore, in order to enable microfabrication with 0.10 pm or
less, use of radiation with a shorter wavelength is being studied. As examples of such
short wavelength radiations, bright line spectrum of a2 mercury lamp, deep ultraviolet
rays represented by excimer lasers, X rays, electron beams, and the like can be given.
A KrF excimer laser (wavelength: 248 nm) or an ArF excimer laser (wavelength: 193
nm) are given particular attention.

A number of resists (hereinafter referred to as “chemically-amplified resist™)

utilizing a chemical amplification effect between a component having an



conprises a resin having t-butyl ester group of a
carboxylic acid or t-butyl carbonate group of pheno
and an acid generator. The t-butyl ester group or
t-butyl carbonate group in the resin dissociates by
the function of an acid generated upon exposure,
whereby the resist has an acidic group such as a
car boxyl group or a phenolic hydroxyl group. As a
acid-dwgddigble fipwsenhl grempsandn doponeti(kereitaftenrbfecredto as “acid
readlly soluble in an al kaline devel oper. [0003]
gerrtom) Woiehageneraice anrheid tpom being Fxposed toniadiatien (hesdinafter
pattern with a line width of about 45 ri for
refesgaship a8 f'exgopyrechave hesn mapassd 28 a&dsisy smtthr;‘]gr beipg exposed to
rocess in the future. Reducing.the wavel ength of a
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C process has been reported as a
alk [ thog?lggﬂ]i c technique enabling a solution for such a
[oopspbl em In the liquid inersion [Iithographic
process, a'liquid refractive-index nmedium (liquid for
|1 qBéiehatiGHRF sloPdimiruitd PRBRNAYinGte GEsif Daleth Svited Bhie With of
a fluorine-containing inert liquidis caused_to'be
abduk @5 ant, fdi%ku_kﬁfm) will Bofeqairekd forls8eH $ lithbiztaphi@Précess in the future.
substrate while having a specified thickness, - at
Redweiigt the wavélength iof atightadoutdeef aghiblitHoghaphy limstdufieat and
nmet hod, when air or an inert gas such 2 as nitrogen in
inceeaking e mmtdnichlsapesptea D) dfa lens| arejthiodglitdv bageand for deming
refractive index (n) such as(fure water, the .
suchagwitem; with leanthbe 45 nuy, endesdribéd shove. £WQV®mmms1ve
depth of focus by using a light source with a given
expRavie Ineaching iy eecesrarsiontedyeige dke wavalengtinel chighd spwrcewhling h
- .a.light source with a shorter wavel ength is used, or
additpen, érg:g@sqng %p\gﬁerépaha%@fe @A) of a lens mvolves a problem of

decreasmg the depth of focus even if resolutlon is increased due to a trade-off
relationship between the resolution and the depth of focus.
[0004] |

Recently, a liquid immersion lithographic process has been reported as a
lithographic technique enabling a solution for such a problem. In the liquid immersion
lithographic process, a liquid refractive-index medium (liquid for liquid immersion
lithography) such as pure water and a fluorine-containing inert liquid is caused to be
present betweeﬁ a lens and a resist film on a substrate while having a specified thickness,

at least on the surface of the resist film. In this method, when air or an inert gas such



lens is used. Since a resist pattern having a higher
resol ution and excell ent depth of focus can be forned
at a low cost using the |Iens nounted on exi sting
apparatuses by utilizing the liquid inmersion
l'ithography, the liquid imersion |ithography has
gotten a great deal of attention. [0005] In the
above-nmentioned liquid i mersion 1ithographic process,
as itroganan a light-pathds replaced by e liquidchaving a latger reraetivetiodex (n)
fromthe resist filmsince the resist filmis brought
suchgs puregvgters thegespluion oph bh indseased witheutraglectepspindglepth of focus
imrersion |ithography such as water during exposure.
by yyiega Hehtsogewe syifiumgiven wanele %hﬁbthe semge degres g ladhe ¢ase in

ns. may be damaged, a patt rrn having a prescribed
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nt 1 and Patent Docunent 2, and additives
gyeéﬁéﬁ?ﬁé%ﬁ#ﬁFPatent Docunment 3 have been proposed as a

[000 in for using in aliquid imrersion |ithographic
aggaratus However, the recedi ng contact angle between
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resists 1n which these resins and itives are used
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wat er mar ks due to poor water renoval during high
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resists do not necessarily sufficiently suppress
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not be obtained.

Additionally, in the case where water is used as the liquid for liquid immersion
lithography, water may not be sufficiently removed during high speed scanning
exposure and watermarks may be left, if a receding contact angle between the resist film
and water is small. |

Resins described in Patent Document 1 and Patent Document 2, and additives
described in Patent Document 3 have been proposed as a resin for using in a liquid
immersion lithographic apparatus.

However, the receding contact angle between the resist and water is not
necessarily sufficient in resists in which these resins and additives are used. A small
receding contact angle tends to leave watermarks due to poor water removal during high
speed scanning exposure. Moreover, the proposed resists do not necessarily

sufficiently suppress elution of an acid generator and the like in water.



[ DI SCLOSURE OF THE | NVENTI ON] ‘[ PROBLEMS THAT THE
I NVENTION IS TO SOLVE] [0007] An object of the
present invention is to provide a novel
fluorine-containing polynmer, a radiation-sensitive
resin conposition for liquid inmrersion |ithography
which contains the fluorine-containing polyner, which
| eads to a pattern having an excellent shape and
[006%Lel | ent depth of focus, wherein the anpbunt of an
el uted conmponent in a |liquid for liquid inmersion
I[PattgPaqument LW h20044168242 hat comes in contact with
the resist durin osure in liquid inmersion
|[PatheidPequment ] JI- gt240@ -1Z3d4whi ch provides a | arger
recedi ng contact angle betmeen the resist filmand the
| [PefemtdDecyment JLIFGA| | i t hography such as
wat er, and a net hod for purlfying t he
quorine-containing pol ymer. [ MEANS FOR SCOLVI NG THE

DISCOE S BAFoHEE B ERAION ar 6 ac 1ol [ows. [1] A
[Pli@%ﬁ%eﬁﬁ%@hﬂﬁ“ﬁ@ﬁii@ﬁiﬁé@ﬁ?’ﬁ&' " which i's used

[Oohﬁ form ng a photoresist filmin a process of formng
esist pattern, including a liquid imrersion
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['uori ne-containin has a wel aver age

shaEFQ b€ b RleRePiRlof 9668 Whéter thd¥mS@it dP8h BREd Rihponent in a
chromat ography in the range from 1, 000 to 50,000 and a

liquig $adiqied nfiemioaditheRal suth Bs wakethabdindshe contact with the
photoresist filmformed therefromis 70 or nore.

resisD@@ g dxpbsutbin liduid [mm&smﬂif&bg?hlﬁlgr iptittieredd ahiehpebvides a
to above [1], conprising a repeating unit represented 7

lardey rdédedinp @bhtavd anglegenedcnl thé msistfibn Gdd the Riquidior ThlAd ifhinersion

lithography such as water, and a method for puriszing the fluorine-containing polymer.

[MEANS FOR SOLVING THE PROBLEMS]
[0008]

The means for attaining the above-mentioned objective are as follows.
[1] A fluorine-containing polymer for use in a radiation-sensitive resin composition
which is used for forming a photoresist film in a process of forming a resist pattern,
including a liquid immersion lithographic process in which radiation is emitted through
a liquid having a refractive index larger than the refractive index of air at a wavelength
of 193 nm, and being present between a lens and the photoresist film, characterized in
that the ﬂuorine-containing.polymer has a weight average molecular weight determined

by gel permeation chromatography in the range from 1,000 to 50,000 and a receding



A R2 wherein R represents hydrogen atom nethyl
group or a trifluoronethyl group, A represents a
connecting group, and R2 represents a |inear or
branched al kyl group having 1 to 6 carbon atons or a
nonoval ent alicyclic hydrocarbon group having 4 to 20
carbon atons, each containing at |east one fluorine
atom or a derivative thereof. [0010] [3] The

corfthat angla evithomited arnidribe pledtymesist flacortied therefromb avi0° pil iorer
[2], conprising a repeating unit represented by the

[0008] | owi ng general formula (2), R CCH2+ (2) ~CO R
4 + R4 R4 wherein R3 represents hydrogen atom

[2] b Klpiorige-oengainingzpol yrdr| agorrdingtth pbovgr[d 1y somaprisin®Ra repeating unit
i ndividual |y represents_a nonoval ent alicyclic

reprspented by Bsrfobewing geaeehigrmuladl 20 carbon atons or a
derivative thereof, or a |inear or branched al kyl
group havigig 1 to 4 carbon atons. [0011] [4] A
radi ati op-isensitiykve resin conposition characterized by
conpri si tRdH, fluoridg)containing pol ynmer (A)
according 4o any one of Clains [1] to [3], a resin (B)
havi ng an’ci d-unstabl e group, a radi ati on-sensitive
acid geneRftor (C), a nitrogen-containing conpound
(D). and a solvent (E). [0012] [5] The

o8 SRR . ReFOTROTh ERAGSaSh b,
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having 1 to 6 carbon atoms or a monovalent alicyclic hydrocarbon group having 4 to 20

carbon é;tdms, each containing at least one fluorine atom, or a'.derivative thereof.

[0010] |

[3] The fluorine-containing polymer according to above [1] or [2], comprising a

repeating unit represented by the following general formula (2),

{te-cH @

wherein R’ represents hydrogen atom, methyl group or a trifluoromethyl group, and rR*

* individually represents a monovalent alicyclic hydrocarbon group having 4 to 20 carbon
atoms or a derivative thereof, or a linear or branched alkyl group having 1 to 4 carbon
atoms.

[0011]

. [4] A radiation-sensitive resin composition characterized by comprising the



100% by wei ght of the whole of the radiation-sensitive
resin conposition. [0013] [6] The radiation-sensitive
resin conposition according to above [4] or [5],
wherein the resin (B) conprises a repeating unit
having a | actone structure. [0014] [7].The
radi ati on-sensitive resin conposition according to any
one of above £4] to [6], wherein the acid-unstable
flugrirmgonigining @otyesr GA] B)comasg 0 anyroe e Clams{ | Ltot[3 e resin €B)
pol ycyclic structure. [0015] {8] A met hod for
haying pn geidmmstakle groyps p fémrsanﬂ I¥Ryaqyd BgneEstonl&oot di ng to
any one of abOVSﬂéQ%)to , characterlzed by
nﬂ@Bﬁ@ﬁ%@WﬁR?&foﬁﬁ@ Y%ﬂ tch the
.uorine-containing polyner is dissolved in the
[mpaflomﬁng solvent Cwith the following solvent Ato a
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sol'ven avi n car
[mﬁgﬁns which is soluble in solvent A and solvent B
FECT OF THE INVENTION] [0016] 6 Wien the

[6]“@1@'1’9&1&% Sk Feh ERToRioRIBi F%‘ algcw'ec[h} Q45§ wherein the

i mersion [1thography ‘conprising the speci

resfd Gm%bﬁﬁng&@@péﬂtlﬁguﬁﬁhﬁﬂﬁé aYctéRerRE@sent i nvent ion
is used resultant pattern is favorable, depth of

[001@FUS |s excel I ent, and the amount of conponents
eluted in a liquid with which the resist cones in

[7]Ctradihtichdensitive xa3itdongpdsitiohiadetirding tOHBY SieddT above [4] to [6]
l'i t hography can be m nimzed. Furthernore, the
wherietic agidamstablzt grampdfthe ksin@)has benonesydic sfru&:tmeaﬂd
the liquid for |iquid immersion I|thography can be
rpolycychc structure.
7 [001 5] -
181 A,{ne"thod for purifying the fluorine-containing polymer a_d_t:"ording to any one of
above [}.}'_’t'o [3], characterized by contacting a reéin solu'tidﬁ i_r:i"which thé
ﬂuoriﬁe—COntaining polymer is dissolved in the following sol&éht C with the following
solVent_ A to a homogeneous solution, bringing the resin soluﬁon into contact with the
following solvent B, and then with water,
Solvent A: A hydrocarbon solvent having 5 to 10 carbon atoms
Solvent B: An alcoholic solvent having 1 to 10 carbon atoms which is insoluble in
solvent A
Solvent C: A ketone solvent having 2 to 10 carbon atoms which is soluble in solvent A
and solvent B.

[EFFECT OF THE INVENTION]
[0016]



sufficiently increased to ensure conplete renoval of
wat er drops during high speed scanning exposure.
[ BRI EF DESCRI PTI ON OF THE DRAW NGS] [0017] Figure 1
is a schematic drawi ng for explanation of the nethod
of preparing a sanple for neasuring eluted anmount.
Figure 2 is a cross-sectional view of a |line and space
pattern. [EXPLANATI ON OF SYMBOLS] [0018] 1;
sub¥heaitls radiatipaisensitive rgsin spmpesmoniet dquid3mmerimslithography
silicon rubber sheet, 5; ultra pure water, 6; silicon
comprising the specafie flugriteresstdining pplymer eDthe peesertinydntion is used, 2
[ BEST MODE FOR CARRYI NG OUT THE | NVENTI ON] [0019]
resmé'cmé PR i favemlepiepdupi forwis rgediant andiths @mopetpfiemponents

tail <Fl uo e- cont ai ni ng poly (A)> The
cluf B Ailiquidowith Lr?ﬂ f?&spmeS(%foqtﬁ‘aﬁrd@Pﬁ&ﬂfmsuwé?Yé%m

iRk iR bga?wg@ et PR SeMink WSR2
betpg B e ing il ordia SRR eryof Beasdroph Y 58k B2, 1
) Pl B A SRRl
SCHI]I%E]&%?]SAY]& i ndex |larger than the refractive index of
air-a wavel ength of 193 nm and being present

between a lens and the resist film and |leads to a
receding contact angle between water and the resist

| [BMEP“E‘JES’CRH@"IUR?OFfTVPHﬂDRAWﬁ\IGS] more. The receding

contact angle is nore preferably 75 or nore, still
[oorpre preferably 80 or nore, and particularly
preferably 85 or nore. The term "recedi ng contact

angFigird Nistaheh@nAsaithwhiged! &iplatation of 8 %&hdd)oféprepanng a
contact angle between a liquid surface and a -

sansplé fdrinadaguiiniy elbiied Bdufd. | m of a resin conposition
contai ning the polyner (A) is formed, when 25 L of
wat Bigutes? draoppsesectivizheiesudfatlinataad apuietpb'ewraaf ter
suctl oned at a rate of 10
[EXPLANATION OF SYMBOLS]
[0018] )
1; substrate, 2; pattern, 3; sﬂlcon wafer 31; HMDS, 4 sﬂmon rubber sheet, 5; ultra pure

- water, 6; silicon wafer, 61; anti-reflection film, 62; resist film.

[BEST MODE FOR CARRYING OUT THE INVENTION]
[0019]
| Hereinafter, the present invention is described in detail.
<F1uorine-containing polymer (A)>
The fluorine-containing polymer (A) (hereinafter referred to simply as “polymer
(A)”)in the present invention is a polymer for formulating into a radiation-sensitive

resin composition for forming a resist film in a process of forming a resist pattern,



L/m n. The receding contact angle can be neasured
usi ng "DSA-10" (manufactured by KRUS) as descri bed
| ater in Exanples. Since the polyner (A) has fluorine
sites in the structure, the distribution of the
pol yner (A) tends to be high near the surface of the
resist filmfornmed fromthe resist conposition to
whi ch the polymer (A) is added due to the oil
inchidprgl d lsnié inomerstom [pbogramhic pxodyss inmdiiahopdistion isemitiéd gaough
acid generator, an acid diffusion controller and the
a liqwid having atvelradtivg indgx flayger thaputhe refivesive inshex of ain etp wpyslength
such as water during exposure can be suppressed. In
of Kdme.iagd betngaresse gencolensend the gistst Blruwmddeadsdo a receding
resist filmand the liquid, for liquid,_inmersion
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pol'yheri zing ~at 1east one nmonomer havi ng uori ne
LAAM il 1REdiRE EOMRAM" “HYRMP '
# fluorine at o!'réi n thgﬁgl{%%@?ﬁ?@%lﬁ%qﬁ%gg a @8@05%%1?@%&
by RRUY)Gs Hbiabed Rt P kddplfie mai n chain, a mononer
having fluorine atomin side chains, and a nononer
hav§inge fhe polynis (A? A48 flubrineQitBPinthe QaichuraNHe is#HutibRoNthe
[0021] Exanples of the nononer having fluorine atomin
_polifer (X8 tendsha b highGlebtihe aiface-dfthoresischilyl fikged oROMBLsist
‘an a-trifluoronmethyl acrylate conpound, a L
confipdsitivnrto adhiohl the polyaerpa)isadddal ducttoitlid eibrepalbdnby bf the polymer
acryl ate conmpound, an a, [3-fluoroacryl ate conpound,
(A)awhemby eBiibn of hnuacid gerednstbr, an ayid afi Fusteng@aetroter ad the like in the
~ conpound in which hydrogen atom on one or nore vinyl
liquid ferdiquigd isnrhersiion ditlagraphy isu¢h asowateeduringrexpesure can be -
trifluoronethyl- group or the |ike and the like. " "~
suppressed. In addition, the receding contact angle between the resist film and the

. quuid for liquid immersibn lithography is increased due to the water repelleﬁce o'.f the
polymer (A), which ensures high speed scanning exposure without leaving wa_terdfops.
Moreover, if a common upper layer film for liquid immersion lithography is used in
combination, not only elution can be further reduced, but also defects such as
watermarks which are caused by the liquid for liquid immersion lithography can be
suppressed due to high water repellency in the resist.
[0020]

The polymer (A) according to the present invention is produced by polymerizing
at least one monomer having fluorine atom in the structure.

Exampiles of the monomer having fluorine atom in the structure include a



-[0022] In addition, exanples of the nononer having
fluorine atomin the side chain include an alicyclic
ol ef i n conmpound such as norbonene of which the side
chain conprises fluorine atom a fluoroal kyl group or
a derivative thereof, an ester conmpound having a
fluoroal kyl group or a derivative thereof of acrylic
acid or nethacrylic acid, one or nore ol efins of
monbinethhavirg fxictime atven m thp osiin cleais, amoonawerthaiving fpodne atom in

doubl e bond) is fluorine atom a fluoroal kyl group or
sideiclepins, od & wonomer kaying Buetineratorh ik the na0 2Bdin Exchsige ekainf

t he nononer having fluorine atons in the nmain chain
[002hH side chain include an ester conpound having a

fl uoroal kyl group or a derivative thereof such _as

a- f Exanplseeithe énoaemer haying {epriiecatqm i thgangin chain include an

fﬁ]€§ et lé%gg’ﬁ%%g‘g%’léﬂ 3 aﬁ%ﬁmewﬁqﬁ%ﬁﬁ{?%@%@ Crﬁllﬂhgroacrylate
cofgh Al -htlﬂveffrﬁ%g%wﬁ%%@% tasrnpoundan b ERbBERRIY I o, an

Qne_or re o
o AR BY e SPaind 18 <SrBhynd HyhiSh b e or
h,fl fluor r
moffviltiet (3updlsbe B alonGe Aohia A yerRO8) By O Bt
anJﬂﬂﬁ&%'ng hydr ogen at om bonded to a double bond of
one or nore alicyclic olefin conpounds with fluorine
Pn] trifluoromethyl group or the |ike, and of which
the side chain is a fluoroal kyl - group or a 9

der jvafdines, E{ﬁ{d{ﬂég of tROGiochHiged hdvthg TRRink SEIM irfdhk Eﬁ&%lchﬁn

. olefin compoun refers to a conpound havi ng a doub
~ inchf@B@n klcylchi@ ofdfidbonpded uch ok heHdfenb o f (vBRAahd Sdc b'l'iH:lﬁ

provi di ng the polyner (A) having fluorine atomis not

‘conpriscs flubidd atot]| ATIhedalks] SROD bOA Eei oY therddTCan &R @binPEund

unit represented by the follow ng general formul a (1)
“havifiiea flucredlkel groap er 4 detivativa shetdod € adriyligadid bt methatnylit acid,

: preferably used as a fluorine-inparting repeating

- oneusrirhore olddthS Jof Rhich the side chain (positions not containing a double bond) is
_ -_ﬂuori'ne atom, a fluoroalkyl group or a derivative thereof, and the like. |

[0023]

Examples of the monomer having fluorine atbms in the main chain and side
chain include an ester compound having a fluoroalkyl group or a derivative thereof such'
as a-fluoroacrylic acid, B-fluoroacrylic acid, a,B-fluoroacrylic acid,
a-trifluoromethylacrylic acid, -trifluoromethylacrylic acid and
a,B-trifluoromethylacrylic acid; a compound derived by substituting a side chain of a
compound in which hydrogen atom on one or more of vinyl site is substituted with
fluorine atom, trifluoromethyl group or the like, with fluorine atom, a fluoroalkyl group
or a derivative thereof; a compound derived by replacing hydrogen atom bonded to a

double bond of one or more alicyclic olefin compounds with fluorine atom,

trifluoromethy! group or the like, and of which the side chain is a fluoroalkyl group or a



+CG-CH2+ (1) A R2 [In the general formula (1), R
represents hydrogen atom nethyl group or a
trifluoronmethyl group, A represents a connecting
group, and R2 represents a |inear or branched al kyl
group having 1 to 6 carbon atons or a nonoval ent
alicyclic hydrocarbon group having 4 to 20 carbon
atons, each containing at |east one fluorine atom or
derivatiie oveals and thiniakesofTHe 00 8leyalid aleficorgporaKerers to a
formula (1) represents a connecting group and exanpl es
commméélﬁvmgﬁciougléb&ném@pmgond, an oxygen atom a
sul fur atom a carbonyl oxy group, an oxycarbonyl
[Ooéf‘bup, an am de group, a sulfonylam de group, a

t d th ljke. [0027 l f.th )

" oG HheA bt R AT o
not e eelaefl i Fsrentions 850y eriEF 2Peh GRen I epEpentec e
rolfy R st S DS aany e Sl TG Mitiiangs
preficfl)f B4 St iintng %og G0 Y10 2 penty
[0095PUP; 3-pentyl group, EL-(2- nmet hyl butyli group,

O%FS nmet hyl butyl) group, 2-(2-nethyl butyl) group,

2- (3-net hylput yl) group, neopentyl group, 1-hexyl

group, 2-Mexyl group, 3-hexyl group,
1- (2-net DentyN) group,43-(3-nethyl pentyl) group,
| pgﬁ%ﬁ% 1}

1-(4- et group,” “2-(2-net hyl pentyl) group,
2- (3-net hWpentyl) group, 2-(4-nmethyl pentyl) group,
3-(2-net hylpentyl) group and 3-(3-nethyl pentyl) group,
a perfluorbval kyl group and the like. [0028] .In
-addi ti on, exanples of the nonovalent alicyclic
[In tiyogemert Fromutyr @R ‘hapiesatsthydrogen atom, methyl group or a
trifluoromethyl group, A represents a connecting group, and R? represents a linear or
branched alkyl group having 1 to 6 carbon atoms or a monovalent alicyclic hydrocarbon
group having 4 to 20 carbon atoms, each contain_ing at least one fluorine atom, or a
derivative thereof ] |
[0026]

A in the general formula (1) represents a connecting group and examples thereof
include a single bond, an oxygen atom, a sulfur atom, a carbonyloxy group, an
oxycarbonyl group, an amide group, a sulfonylamide group, a urethane group and the
like.

[0027]
Examples of the linear or branched alkyl group having 1 to 6 carbon atoms

containing at least one fluorine atom represented by R? in the general formula (1)

include a partially fluorinated linear or branched alkyl group such as methyl group,

ethyl group, 1-propyl group, 2-propy! group, 1-butyl group, 2-butyl group,

10



to 20 carbon atons containing at |east one fluorine

atomor a derivative thereof represented by RRin the

general formula (1) include a partially fluorinated

alicyclic alkyl group such as cycl opentyl group,

cycl opentyl methyl group, 1 -(1 -cyclopentylethyl)

group, 1-(2-cyclopentylethyl) group, cycl ohexyl group,

cycl ohexyl met hyl grou 1- (1-cycl ohexyl et hyl ) group,
2-(2-ne2hydpropph erytipe  tpphty] grouny-peytl grbem Syentyl guqp,

cycl ohept Ineth¥ roup 1-(1- cycloheptylethyl) group,
1-(3= neezhsd?w% LB mpthyl b\ﬂal)pgroupaaﬁ maibylbetir)grepoup, a

erfI uor oal kyl group and the_like. [0029] Preferable
R B B 2reUe DARISBHE BTOHR) Ehexd aeun, ¢-herl greb@a?rhwgl group,

1- (g-nzeﬂ%él? ntyl) 6B nc' Ud w(é“ i o éf;q?{‘l&tl(eg‘e rtng@? el (%PFRA
lenis B‘” 1 E: eap%?i byt (et B tin.
3-(% ?ﬁg Ei- il rtg%lpwqglb érou&vrrg%g ug{aélkyi group and the

lik% (1 1 1 3 3, 3- hexaf | uoropropyl) (neth)acryl ate,

(2,2,3,3,4,4,5,5-octaf | uoropentyl) (neth)acrylate

Ux?g{fluorocyclohexylnethyl (et h) acryl at e,
2,2,3,3,3-pent af | uoropropyl) (neth)acryl ate,

1- (fh gtiafich, zi}na@e flthd nfbnBvatert afiCychl hroREBbAYRRBHab A 4

odecy

to 20 davbdd z{tf)llny @Mﬁﬁldgyat Ie%sti’bn‘é fhoriné at%nﬁo@&&éi‘fv'aﬁ@é fbrey! )

(nmeth)acrylate and the like. [0030]

repeé@,@md BRRE iR GeRGhORAuGA] ) ﬁ@bﬁd@ ay:@n@nsa ﬂﬁbnﬁﬂ@é@alﬁfychc
these repeating units (1). The content of th

alkyleRoead buth ad l&y&loﬁéb):yllgouiﬁ U?élbpér@ylﬂi@ﬂf%l SioupI-El- cyclopentylethyl)

preferably 10 nol % or nore, nore preferably 1

group) PADyiagentybabg) gmnpl@ﬁldmk%g@‘f)uﬁ, hﬁclbhﬁxglmethﬁfgiﬁip, of

the repeating units in the polynmer (A). If the content

1-(bry¢lnkexybytied) rogpUn{2-cycldhexysthybsoh apclshapby] roup, -
recedi ng- contact angle at 70 or nore may not. be

cyciaiepelmethybgrdup lul-aelaeptytetiad) gtogp,rﬂef?acmlol“aptylathnd) group,
like froma resist filmmay not be suppressed. [0031]

andrfraohormiraroupy perfiverodllabgtoyp andthsrisent i nvention

%r ef er abI y further conprises

Preferable examples of the monomer which leads to the repeating unit (1)
include trifluoromethyl (meth)acrylate, 2,2,2-trifluoroethyl (meth)acrylate,
pefﬂuoroethyl (meth)acrylate, perfluoro-n-propyl (meth)acrylate, perfluoro-i-propyl
(meth)acrylate, perfluoro-n-butyl (meth)acrylate, perfluoro-i-butyl (meth)acrylate,
perfluoro t-butyl (meth)acrylate, 2-(1,1,1,3,3,3-hexafluoropropyl) (meth)acrylate,
1-(2,2,3,3,4,4,5,5-octafluoropentyl) (meth)acrylate, perfluorocyclohexylmethyl
(meth)acrylate, 1-(2,2,3,3,3-pentafluoropropyl) (meth)acrylate,
1-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl) (meth)acrylate,
1-(5-triflucromethyl-3,3,4,4,5,6,6,6-octafluorchexyl) (mefh)acrylate and the like.
[0030]
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at |l east one repeating unit represented by the

follow ng general formula (2) (hereinafter referred

to as "repeating unit (2)"). Inclusion of the
repeating unit (2) ensures a high receding contact
angl e during exposure and increases solubility in

al kal ine during devel opnent. Specifically, the

pol ymer (A) mmintains the structure of the genera

for ﬁm gboveymentichepaxpesifkenaxkaygong gt mors @ﬂgthcssaepﬁaﬁgg
contact angle without an alnost no |loss of the effect

unisf(1}-he mononer having fluorine atomin its structure;
and_t hereaft rel eases, -C(R4) 3 group fromt

st r Geg %ﬁ%%ﬁﬁh@ée@e@ﬂ@s it { risiually éypol%%rrlearﬁgﬁefqﬁ@oly 10
moPfae Biorseetid Bloss pre bty T regiVgtmareased gl QR RE the total
G g P L FEE o SRR Ribacing i
0 St SR ERED ol AR BBl A g agivec
end B Rl BeRlor LRI S ARG St

woggﬁ nmonoval ent alicyclic hydrocarbon group having 4 to
carbon atons represented by R4 in the general

. . I 41 . o
or i Folfrbr @qce&am% 18 Wﬁ@gﬁﬁbﬁ r@fa%gab Oi;%%lre} ddmprises

ring originatéd froma e su nane,

at 1bdst Gﬁ’§ﬂe?éia@ﬁ1§%it reprBich RS RS RIRMRRL cerREATBRIANE) (hereinafier

cycl obut ane, cycl opentané, cycl ohexane, -cycl oheptane

ref@fd 16 46 FRPEHMIRINItANF).2 RMERHRN @Bt rogshtiBY ubi PDidnkuteé A8igh
the alicyclic ring wth one or nore linear, branched "

receding yerltact angl Yurigg exipsuteami grdastéOsofutilaylin alkalienduriigc h

as nmethyl group, ethyl group, n-propyl group,
devielapmeny | Specilfioally) theuiolymeyr (@0 praitaime tieydtmempy bf the general
~ formula (2) during exposure, ensuring a high receding contact angle without an almost
no loss of the effect of the monomer having fluorine atom in its structure, and thereafter
releases -C(R4)3_ group from the structure of the general formula (2), whereupon the
~ solubility of th_e polymer in alkaline is improved. |

- [0032]

R3
fe-chy @
' O

[In the general formula (2), R’ represents hydrogen atom, methyl group or a
trifluoromethyl group, and R* individually represents a monovalent alicyclic

hydrocarbon group having 4 to 20 carbon atoms or a derivative thereof, or a linear or

12



group, 1-nmethyl propyl group and t-butyl group; and the
like. Two Rds may forma divalent alicyclic
hydr ocarbon group or a derivative thereof in
conbi nation of the carbon atons to which these two
groups bond. Anong these alicyclic hydrocarbon groups,
a group conprising an alicyclic ring originated from
an alicyclic group originated from norbornane,
brapehied piiyb desviahaying tleb daestongtiodet ane, adamant ane,
cycl opent ane or cycl ohexane, a group in which a group
Woéghprising the alicyclic ring is substituted with the
above al kyl groups, and the 1ike are preferable.
[ oo@&qmma%@fitg@ menpyalerd aligyslie hiydrocerhen igrawpdaving 4 to 20 carbon
branched al kyl, .group hayving 1 to 4 carbon atong,
atops SFRECSSRIed pY IR, ke generabiogaie3) inc iR aIgEouPRomIRIsing @

iy e FEBHEA St RolkBerfe oot o iRt
P PEP AL AL, snIp B ol EPSRagstaheiatecyclobeptane
and5 AR Ban: FoTA Aol dreified ISR the SHGHR:ring with one or
moﬁe: lhrh:e%x} b%“g%%§%@‘g@?€ﬂy érax?%sﬁi%?ing 1 to 4 carbon atoms such as methyl
erodp Wbk el FEpR LRAR, HroifliBap. by Gl DAY

B O RO RS Ry s 16 T Ry forma
divaleRthibicydlid HydRodaFamyprosy 6t LReREdbe thgfeeg B combination of the

1-(1-i=-propyl)cycl opentyl group, 1 -(

carbdtRatbib X yhich Ry twd s borkt. (1- et hyl ) cycl ohexyl
group, 1-(1-n-propyl)cycl ohexyl group, .
1- (Amonptiegy hli@xtit Bhdsydrbogs@ups, a group comprising an alicyclic ring -
1-{1-methyl -1 -(2-norbonyl)}ethyl group, 1-{ 1l-nethyl-1 -~

origifidted bmamyaticpdacaoyp digihlegd fignongaborhage, tricyclodecane,

1-met hyl - | - (1- adamant yl )} ethyl group,
tetr@sychdodedayé,)adembutayd, cyclopgntar2-of 2yevhaxaie ardrouminl which a

group, = 2-(2-n-propyl)norbornyl group, ’
gropp (:Qmpl:l:png)é];l adligyelisamel is gubstipited with the above alkyl groups, and the
_2-(2-nmethyl)tetracycl odecanyl group,
likepare prefemble) t et r acycl odecanyl group,

2-(2-n-propyl )tetracycl odecanyl group,
[Ooégkz-i-propyl)tetracycrodecanyl group,

Additionally, examples of the linear or branched alkyl group having 1 to 4
carbon atoms represented by R* in the general formula (2) include methyl group, ethyl
group, n-propyl group, i-propyl group, n-butyl group, 2-methylpropyl group,
1-methylpropyl group, t-butyl group and the like.

[0035)

Preferable examples of the -C(R*:3 in the general formula (2) include t-butyl
group, 1-n-(1 -éthyl-l -methyl)propyl group, 1-n-(1,1-dimethyl)propyl group,
1-n-(1,1-dimethyDbutyl group, 1-n-(1,1-dimethyl)pentyl group, 1-(1,1-diethyl)propyl
group, 1-n-(1,1-diethyl)butyl group, 1-n-(1,1-diethyl)pentyl group,

13



1- (1- net hyl )adamantyl group, 1-(1-ethyl)adamantyl

group, 1 -(1 -n-propyl)adamantyl group and

1-(1-i-propyl)adamantyl group; a group obtained by

substituting an alicyclic group with one or nore

i near, branched or cyclic al kyl groups having 1 to 4

carbon atons such as nethyl group, ethyl group,

n- propyl group, i-propyl group, n-butyl group
1-(bmmgi ey plopgty! grown B -(13ethpd)dyglopensplygroup, du@ -mpwpyLbydgpentyl

group; and the like. [0036] Preferable exanples of the
gronnnloh‘ierpmvﬁwamu@l g@uphb(}wdml)cm@bhﬁmﬂ goRp, incl ude

nmet hyl adanant yl - (et h)acryl ate

1- (MM)ﬁmlo@xoryarpész,ylaﬂawmgvﬂ)czclyhexyt goup) latl-iprepel)cyclohexyl
gTOEPe{ E% ada &%‘9@7 oth rre}t’ h&g‘gyl ?:r:t h)acryl at e,

143 m§ﬁw°ﬁ-§y—f‘e§§9rf3#9ényéﬁﬁh§ %ﬁlfréﬁ 'rr?‘#ﬂ%@é ~(1-adamantyD jethy]
Srog o TP TopE) %efﬁﬁi-ff’fgyﬁ BH) KR arc,
> (%'ﬁ%% w O%og%@ ggé‘?péﬁl‘féﬂtm?@bgogl?n_g%mﬁ)’ 2' 61decan- 8-yl
R — s
A e CampgEEofg vov.

1-({ FEtVIRaAMbG L E Zgr% gl eth§l|)adamaﬁ%rt ﬁry ugil (1-n-propyl)adamantyl

1- (bi'cycl o] 27

grolifBhd ] FEH ke dam oup, a group obtamed by subst1tut1n% an alicyclic
I-(tricyclof decan- 8-yl )-1-net hyl et

grolipBiith) cive oy hﬁir@lmear branched or cyclic alkyl groups having 1 to 4 carbon
t-(tetracycl o[ 6. 2. 13' 6. 02' 7]};1odeckgngr4 5I) 1- gmet hyl et hy

 atokns SueH dy)raethyll @bep, efidl frolupgieprspy Bgrolip il propyl by hetubyllgroup,
(nmeth)acryl ate, : _

2-ndetlfBprop gl oraym d amrethy peepyd gloup kndedbhgyl gtduyp) and the like.
(nmeth)acrylate, 1, 1 -dicyclohexylethyl '

[0086kt h) acryl ate, 1,1-di(bicyclo[2.2.1]hept-2-yl)ethyl

(neth)acrylate, 1,1-di(tricyclo[5.2.1.02,6

] deBlgﬁE:r@aly B>}%‘t11ﬂ93 of(the mpgmpywhtcb leads to the repeatmg umt (2)

1-di (tetracycl £t6 2.13'6.02' 7] dodecan-4-yl)e
mc](tﬁﬁ?ﬁ)ﬂ%thylydm@tyl- vhwgatiDaer g 2amethylyd %@myadamantyl 291
r te -nmet hyl -1 -cycl openty| (3msth )acryl ate
iqte, fy Qt@ qg%@tx IA-¥ Grsthyacrylatg, 2rcthyl- -hydroxyadamantyf 2-yI
1 nmet

(m?fh)é‘?rﬁ’ =|2-1w{q ?ﬂ%’éﬁ?ﬁ@ﬁ%@? Sehitfopiogyierlxgantyl-2-y1

(mf[ﬂ%acrylate 2-methylbicyclo[2.2.1]hept-2-yl (meth)acrylate,
2-ethylbicyclo[2.2.1]hept-2-yl (meth)acrylate, 8-methyltricyclo[5.2.1.0*%)decan-8-yl
(meth)acrylate, 8-ethyltricyclo[5.2.1.0 2*]decan-8-yl (meth)acrylate,
4-methyltetracyclo[6.2.1>%0%"}dodecan-4-yl (meth)acrylate,
4-ethyltetracyclo[6.2.1%°.0%"]dodecan-4-y] (meth)acrylate,
I-(bicyclo[2.2.1]hept-2-yl)-1-methylethyl (meth)acrylate,
1-(tricyclo[5.2.1.0>*]decan-8-y1)-1-methylethyl (meth)acrylate,
1-(tetracyclo[6.2.1*.0>"|dodecan-4-yI)-1-methylethyl (meth)acrylate,
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O these nononers, 2-nethyl adamantyl -2-yl
(nmeth)acrylate, 2-ethyladamantyl-2-yl (neth)acryl ate,
2-met hyl bi cycl o[ 2. 2. 1] hept-2-yl (meth)acryl at e,
2-ethyl bicycl o[ 2. 2. 1] hept-2-yl (neth)acryl ate,
1- (bicycl o[ 2. 2. 1] hept - 2-yl ) - 1- net hyl et hyl
(nmeth)acryl ate, 1-(adamantan-1-yl)-1-nethyl et hyl
(meth)acrylate, 1-nethyl-Il-cyclopentyl (neth)acrylate,
1-(ddastantan-1-yBylemetbylethyl (rhetb)deidatey | at e,
| -met hyl -1 - cycl ohexy I‘ém met h) acr Iate
1-(3 hﬁdllﬁrwadarr@p@ndhﬁlhll-m@ lemyéémc;t Jecrylatad , Hisytiokexylethd
particularly preferred. [0038] The above-nenti oned
(mfﬁb)a Tyate, (1ah-di ycHaI&;Ze? bihentor-yheth (Eretpaslate epeat | ng
' Its ont nt of the repeating unit (2) is
1=1LFQ(§%‘F3T )é@ SR @éEthY;sﬁ@P@Pa&Brleztealo mol % to 90

lslﬁégﬁ?az@@ﬁﬁﬁr@ﬁfdaﬁr O Sel Ty Beat f ng_ uni t s
lliﬁﬁﬁaﬁhe# St e sty g meor- é&aaf%antz%@feila%éwﬁt@
B Bor ity me RS IR 4P P PP o tRe§ite, T,
1oL Ao B LR ARG and B (2 2T O Ut £ Suoh as

[002%15 repeating unit having a | actone skel eton, _
roxyl group and carboxyl group to i nprove aI kal i

- sol QPtHe'sé dhondiméRPE ddRiahty®h éﬂ@fh &gylal%om an

alicyclrc conpound and a rep atln I't” origi nating

2-eftyRiilamant3-O 1R (i Sth§R BRAE M rcthyl BT QY2 26t REt 20y (meth)acrylate

“résistanCe, "and a” repeating unit originating froma

'2-eﬂﬁrﬂﬁ@5tdl ZQQUHﬁimgylt(ﬁleﬂﬂmylﬁ&Slf(&'ﬁz&c%[tzl L D1 hapt- lﬁyl) 1- methylethyl
substrate, in addition to the above:-nenti oned

(métRpesldte)d -@darhatiandil Ag)-{ medtiyledy (beh)adiylalee  structure
and the repeating unit (2). [0040] Exanples of a

1-nwetinditecycidpenty] (metmctylate, I-ethglal-cygopemiyl (ath)agylate,

- lactone skeleton (hereinafter referred to as
-n‘,taﬂg;idattych:glemyil (meflBicrylaten tetigd- ltdyeloﬁlekyl dmicthjacrylate and the like

are partlcularly preferred.

:[0038]

| - The above-mentioned polymer (A) may have one or more of these repeatmg

units (2)

The content of the repeating unit (2) is usuallj 95 mol% or less, preferably 10
mol% to 90 mol%, and more preferably 10 mol% to 85 mol% based on 100 mol% of
the total amount of the repeating units in the polymer (A). If the content of the
repeating unit (2) is more than 95 mol%, a receding contact angle at 70° or more may
not be achieved and elution of an acid generator and the like from a resist film may not
be suppressed.

[0039]

The polymer (A) may comprise one or more of “other repeating unit” such as a

5



conmpound represented by the general formulas (3-1) to
(3-6), and the like. [0041] 16 RS R R6 | | | CH2=C
CH2=C CH2=C C0 CcOC0 OO RO OOi BOMO MO
(3-1) (3-2) (3-3) BBRRAR 111CHRCCH CCH=C
COC0C0O OR7T ORT 0 aV/] WB (3-4) (3-5) (3-6)
[0042] In the general fornmulas (3-1) to (3-6), R5
represents hydrogen atomor methyl group, R6

repeaipeadrhagingrn lactRyd skgtederp hiydrpikplogroup andicarbaxyd groap cﬁm';nprove

that may be substituted, _and R7 represents hydrogen
alkali selpbilityyd renspingutericingtiia fram an klicychic cempewisiang arepeating

singl e bond or nmethyl ene group, B represents oxygen
unib CESNAINGAEQTA AN SFNZ e SEIPOURY, o oV ctehing pesistanegyand af

1 to 3, and mis O or 1. Exanples of the al kyl group
repﬁ%{:g}gdgutloqgg,naj}ng%ogb?p FeB1EC L POWO EBP@E%%%{QCEFPE gta
substrate, in addition to the above-mentioned repeating unit having fluorine atom in the
structure and the repeating unit (2).
[0040] '

Examples of a monomer which leads to a repeating unit having a lactone

skeleton (hereinafter referred to as “repeating unit (3)’) include the following
compound represented by the generéd formulas (3-1) to (3-6), and the like.

[0041]
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as R6 in the general formula (3-1) include nethyl
group, ethyl group, n-propyl group, i-propyl group

n- butyl group, 2-nmethyl propyl group, 1-methyl propyl
group, t-butyl group and the like. 17 [0043]

Pref erabl e exanpl es of the nonomer which |leads to the
repeating unit (3) include

5- ox0- 4- oxa tricyclo[4.2.1.03" 7 ]non-2- yI

(neth)acrﬂ at e, |}

9- xycar bonyl x0+4-oxa-tricyclof4.2.1.037] non-2
-yI 2hjracryl at e&'? C¥'| &

5- ox0- 4- o@:@rl cycl o[ 5. é_J0038] dec- 2 yb—
(et h) acr y] at e,

10- ey ar bonyl - 5- ox@-4 oxa-tri cycl@[S 2.1.03' 8] non
-2-vyl REryl at e, A

6- 0x0€)Y- o¥a- bi cycl o[ 3. 2]1] oct-2-yl (nefh)acryl ate

4- et h ar bonyl - 6- oXo- 7\oxa- bi cycl 1 ]Joct-2-yl
(meth)dcrylate, 7-o0 a- bi cycl ] oct - 2-yl
(msth)@cryl at e, 0] ' 0

4- et hoxycar bonyl - 7- ox xa- bi cycl o 3/1 Joct-2-yl

(meth)acrylate, 2-oxoté€ ydr opyr an-=4gy
(meth)acryl ate, 4-methyl -2-©xot et rahydr opy@an- 4-y|
(et h) a(ar{)l ate, 4-et§42)2- oxot et r ahyB¥3)pyr an- 4- yI

(et h)acrylate, 4-propyl -2-oxotetrahydropyran-4-yl
(et h)acryl ate, 5-oxotetrahydrofuran-3-yl
(meth)acrykate, 2, 2-di rﬁshyl 5- oxot etrﬂwdrofuran 3- yI
(met h) acr'pl at e,

4, 4- @Hr?&@yl 5- oxoCet, m@ydr of uran CBHyFQ met h) acryl at e,
2- oxot €t r &hydr of ur an- Bi Cp(mst h) acryl
any

of uran- 3-yl j mg)(h)acryl ate,
ygrof ur an- 3-yl 0§met h) acryl at e,

4, 4- di met B O2- oxot et r
5, 5-di rretéyIRTZ oxotetr
2-oxotetr rof uran- 3-

(nmeth)acryteate, 4,4-
2-yl nethyl - met h)acryfate
Exanpl es Or epeat |

con'lpl)ound ( - ereinafter refer red to as "repeati ng unit
ol Lw(ﬂ&)“gin‘é‘r o T (4) and (] ke
[0042] o

In the general formulas (3-1) to (3-6), R’ represents hydrogen atom or methyl
group, R® represents an alkyl group having 1 to 4 carbon atoms, that may be substituted,
and R’ represents hydrogen atom or methoxy group. Additionally, A represents a
single bond or methylene group, B represents oxygen atom or methyleﬁe group.
Further, 1 is an integer of 1 to 3, and mis 0 or 1.

Examples of the alkyl group having 1 to 4 carbon atoms that may be substituted
as R® in the general formula (3-1) include methyl group, ethyl group, n-propyl group,
i-propyl group, n-butyl group, 2-methylpropyl group, 1-methylpropyl group, t-butyl
group and the like. |
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formula (4), R8 represents hydrogen atom nethyl group
or a trifluoromethyl group, and X represents an
alicyclic hydrocarbon group having 4 to 20 carbon
atons.] [0046] Exanples of the alicyclic hydrocarbon
group having 4 to 20 carbon atons as X in the genera
formula (4) include a hydrocarbon group containing an

[004B]l cyclic ring originating froma cycl oal kane such as
cycl obut ane, cycl opentane, cycl ohexane,
bi cYuifeplle 2xahplepotihe mamomee Wbjch 1eadg fto tearpsating unit (3)

_ tricyclo 5.2,1.02‘6£d%g ne,

incluede aenpel-of iy eiop624, 0 oo dmetiesrsiats,
tricycle[3.3 1.13" 7] decane can ;he given, These

9-mgthexXyepibenylr hrgxo-groxgitaexd Ha-2¢ -G rnore-ylmegnpweslste. may
be substjtuted w ope, or re_|linear, branched or

5*@96%?%*%FK§PEE%ﬁb%ﬂd%%ﬂﬂkénqﬁgﬁykﬂ%arbon atoms such as
nmet hyl oup,. et hyl grou -Qr.apy! qr , .- propyl

10-gdhitsyestbennls ot ot i elply At G F hayr-grbispadiate]

1- net hyl.pr l, gro d t-butyl group. These are
6o B R 2 ety Dbt i It he bove o Kyl
[OURS_.an be subst i w. th . h oxyl. group
- BB RBE T Rl S M 0
_cardbaon bo. oxygen atom [0047]
7q&waég%é#ﬁﬂ§§§%§?é§?gyé?%%ﬁﬁgkgﬁer which | eads to the

] . n. bl [ > '
4 n?&ng(?ﬁ%%fgrgn zr:?t Ee)X((- io('.% gFE gF %ﬁ%%?%%tzﬁlﬁ%e{heﬁceq‘hsehcr yl ate,
U R SR IR D B,
(méth)a@bjﬂf«.l{t@,%ﬁetﬁylh%ﬁbt@irﬂ%ﬂ%}ﬂa}naﬁ%(Iﬁétﬁ)%ﬁvjzlleﬁé e,
- - y .

tricyclo[3.3.1.13" 7] déc (freth)acryl at’e and the
4-préps@-2-oxotetrahydropyran-4-yl (meth)acl_'ylate, 5-oxotetrahydrofuran-3-yl
(meth)acrylaté, 2,2-dimethyl-5-oxotetrahydrqﬁira’né -yl (meth)acrylate,
4,4-dimethyl-5-oxotetrahydrofuran-3-yl (methr)cacrylate, 2-oxotetrahydrofuran-3-y!
{meth)acrylate, 4,4-dimethyl-Z-oxotetrahydrofuran-?:-yl (meth)acrylate,
5 ,5—_dimethyl—2-oxofetrahydroﬁ1ran-3-yl (meth)éérylatc, 2-'oxoteuahydfoﬁnan-3-§1
(meth)acrylate, 5-oxotetrahydrofuran-2-yl methyl (meth)acrylate,
3,3-dimethyl-5-oxotetrahydrofuran-2-yl methyl (meth)acrylate,
4,4-dimethyl-5-oxotetrahydrofuran 2-yl methyl (meth)acrylate and the like,
[0044]

Examples of the repeating unit containing an alicyclic compound (hereinafter

referred to as “repeating unit (4)”) include a repeating unit represented by the following

general formula (4) and the like.
[0045]
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19 [0048] Preferable exanples of the nonomer which

| eads to a repeating unit originating from an

aromati ¢ conmpound (hereinafter referred to as

"repeating unit (5)") include styrene,

a- met hyl styrene, 2-nethyl styrene, 3-nethylstyrene,

4- met hyl styrene, 2-net hoxystyrene, 3-nethoxystyrene,

4- et hoxyst yr ene,

4- (2-t-but oxycar bonyl et hyl oxy) styrene,

2- hydr oxygtsyr ene, 3-hydroxystyrene, 4-hydroxystyrene,

2- hydro y - met hyl styrene, 3-hydroxy-a-net hyl styrene,

4- hydr h{+styrené4)2 nmet hyl - 3- hydr oxyst yr ene,

4- et hyl*- % dro ystyrene, 5-nethyl-3-hydroxystyrene,

2- et hyl - 'H§droxystyrene 3- net hyl - 4- hydr oxyst yr ene,
- 3,4- d|h§ﬁroxystyrene 2,4,6-tri hydroxystyrene,

4-t-butox9%tyrene, 4-t - but oxy- a- met hyl styrene,

4- (2-et hyl - 2- propoxy) styrene,

[In iheg éngrtiaﬂ gw%iﬁ#xﬁgpa n'ehy | gsétn a[to%] emethyl group or a
mfﬁw&rﬂ%@ %/li{, 51%( %()erﬁgvggnéﬁﬂ c& c&?&r cha%b(}/n group having 4 to 20

carggmr&é\%ht]hyl ene, 5- hydr oxyacenapht hyl ene, | - vi nyl napht hal
Fnyl napht hal ene,
[00% ydr oxy- 6-vi nyl napht hal ene, 1- napht hyl
' (neth)yacryl ate, 2-naphthyl

(1 m;% Eé/ Jzﬁh@ ﬁ&@f&?g Flg{i}élzé}g&? %1[ é 'ﬁ?@lﬁ% Q% ? gérﬁ’))% goms as X
intfe Qéﬂe?il%nﬂﬁfgt@)lﬁcﬁﬁd’é @Eﬁlro&r@cﬁf &b oﬂ) toritablitng aha%chc ring

(nmeth)acrylate,” 1-vinyl'pyrene

orighdiliR r@AQ clyVBEIkaske U6R adt dm&aﬂey%%peﬁtah@ Q:yol%h&%e

. repeating unit'’ .represented by the repeating units
bicyAd[2(2) heagk, bRy cIFEY.2. bivctane] tidpelofSn. 1. 08 |adayerer (A)
_ according to the present invention. The content of
 tetrhdyelafblaein 1} eﬁé]abddwnmmd tricgclefS18al. 1 Y |dRanedadobRrIgiveds s,
preferably 65 nol%or |less, and nore preferably
60. Thkembeydlie smgodriginatingnfram theroueidalleihe vy bespbaititod with
units in the polymer (A).  If the content of the other
onerggpeereilinganibrianclicd omoydictdileyl gF@ips ivvidg 1do Aeerbdnnpms such as
cont act anqle at 70 or nore may not be achi eved and
methyligioyp, asityl froupa8inionyd genwt bproprErows nbutl growm a
resi st f|In1nay not be suppressed.
2-methylpropy! group, 1-methylpropyl group and a t-butyl group. These are not
limited to ones substituted with the above alkyl groups and may be substituted with
hydroxyl group, cyano group, a hydroxyalkyl group having I to 10 carbon atoms,
carboxyl group or oxygen atom.
[0047]

Preferable examples of the monomer which leads to the repeating unit (4),
bicyclo [2.2.1]hept-2—y1 (meth)acrylate, bicyclo[2.2.2]oct-2-yl (meth)acrylate,
tricyclo[5.2.1.0%%]dec-7-yl (meth)acrylate, tetracyclo[6.2.1.1>6.0%"]dodec-9-yl
(meth)acrylate, tricyclo[3.3.1.1%"]dec-1-yl (meth)acrylate, tricyclo[3.3.1.1*"]dec-2-y1

(meth)acrylate and the like.
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20 [ 0050] The fluorine-containing polyner (A

. according to the present invention can be produced by
pol ymeri zi ng pol ynmeri zabl e unsat urat ed nononers
corresponding to each repeating unit in the presence
of a chain transfer agent as required, using a radica
pol ynmeri zation initiator such as a hydroperoxide, a
di al kyl peroxide, a diacyl peroxide, and an azo

[00d8hpound in an appropriate solvent. [0051] Exanpl es of
the sol vent used for polynerization include an al kane
sucRrederablg epamplanef tha nasemes whichHeqsks 49 @ repsating wnitoriginating
n-nonane and n-decane; a cycl oal kane such as ]

from an aspragtiheompapar dhaspinatier refeprel et ‘Gepreatiog uaik (N dnelude
nor bornane; an aromatjc hydrocarbon such as_benzene,

StYFeE MRSt Yi%ﬂ’réﬂ% ,2-@3%‘%8%%a@%msmﬁmeawlsmene,
n%g%ocenated hydr ocar bon suggjas chl or obut anes,

2 RN e S MR PFDE HEIEOXY HEEAfret hyl ene

RRe Nt B AR A R S R T
RS B o Rt Bl PR e NGt oo,
SRR B, 2SRV B Phen AR Y S rene,
S g B R 2 e PR OB 2 metop-bydroxystyrene
3,4[@Hﬁﬁoxﬁ$§gne§ bggé-mardxs}stg&gﬁgj Nabl@Rydfrehyio Or nore

t her eot e polynmerrzatior nmperature is usually in

4-tIUilﬁ)xgﬂflﬁ1%tHy[s‘P§fEﬂé?@_—(Q%tﬂﬁ%mﬁ%)st?feﬁ&e_r ably from 50C
to 120C. The Teaction tine is dsually in the range
4-(Rlefiyl-2 -ahBeth§lstydtd, P ektiorbéihody)ifehe,l 0 24
(hogﬁg;I{S%S f Addi?ionalfyf t he gtlyg?ggzne-reduced
4-(hettphicthygnagretilseaena phovdil ghtth)deiseboned (metgadrylate,
permeati on chromat ograp ym?EPCD (hereinafter referred
acenaplabyléddyS)hydefxyhdemaphthplene) bviryhiaphthialege [l ypaplthdiene,
according to the present invention is in the range
2-hiydwmy6-009Inephtbd e B naghtlef]l dmath)acrila@0D-nhphtdyd, 000, and
nore preferably 1,000 to 30,000. |If the Mv of the
(mggh)agrydatie, - Mpphthylnesthy (inath)acryiee, 1-anduyl(inethyanrylatec2dnihgyl
contact ‘angl e o '
(meth)acrylate, _Q-gnthryl (meth)acrylate, 9-anthrylmethyl (meth)acrylate, 1-vinylpyrene

and the like.
[0049]

Either one typé or two or more types of the “other repeating unit” represented by |
the repeating units (3) (4), and (5) may be included in the polymer (A) according to the
_present invention. |

The content of the other repeating unit is usually 70 mol% or less, preferably 65
mol% or less, and more preferably 60 mol% or less of the total amount of the repeating
units in the polymer (A). If the content of the other repeating unit is more than 70
mol%, a receding contact angle at 70° or more may not be achieved and elution of an

acid generator and the like from a resist film may not be suppressed.
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21 cannot be obtained. On the other hand, if the Mvis
nore than 50, 000, developability in a resist tends to
be decreased. The ratio (Mwv M) of the Mvto the

pol ystyrene-reduced nunber average nolecul ar wei ght

of the polyner (A) (referred to as "Mh") is normally
inthe range from 1 to 5, and preferably 1 to 4.

%0053] In the polymer (A), the solids content of the

[0058lv ol ecul ar wei ght conponent s originating from

nononer s used for pregragi“g t he ty

pr etk Buprineccontaigigg po ( )/aciii@icgtiﬁ 0 th@p@s?ﬂt em@rliamsyanbe

Q.07% or | ess by ight, and stil| nore preferably
progugsgopygo m%%p%%a%%WGQW%@?Sweir@iwnémgit%@ach

If the conte [ l.ess than 0,1%
rePg‘"ﬁEygéiﬂéhl%heaHfﬁﬁﬁfiPe s i g Feshe Feoire lisiﬂgeir@ ’&ﬁl
raph as ter Wi t the r .
polyiphHeHoR ‘J&%‘ﬁi%éé‘i“'hc?a 0@%&% 8 a3 bk, ooy mefpeic,
an ddi tion 1S possi blfe f g{ event gener ati on of
e%q,zgﬁgg@gm%%a&ag%oggaeﬁovig resi st during storage,
[OOBEEI bit uneven resist application, and sufficiently
press defects during pattern formati on. Exanpl es of

th .eE £s 8%% LQvGH uk&i"foilgh@;‘ﬁséh%n g&ﬂhe &P&E&[&e&%ﬁ as

ori gl I Ng romthe non e a nononer,

n-pEhtaRe, n—lﬂex&ﬁé m{egaﬁé rF‘Qcthllé S9{¥Bhne - a&%ﬁ : I’Eﬁvﬁlo%%aﬂ?ﬁ?ch as

havi ng Mv of ess. The conponent

_cycRiiexatte, bRIéh %e 100BRARY, R cqlh zinﬂ%o%rhiﬂecﬁ{ iueﬁlaﬂst hod
to be descri he anmount of the |low nolecul ar

hydted=in .«ﬁl@HBQBﬁﬁEﬁe alleRexplehe hylRazdn and dlkshs analdg@@ated
resin using high perfornance 1 quid chronatograp y

hydrbiicion sukh as shlpfobhaned) bfvnidhgkariel adigtdbivathandsAhexa@ittiailéhe
al nost no inpurities conprising halogens or netals.
dibfidmaitle eadcljobetleng a satirsitd cabokyiy dctl éstop sasked ethyl acetate,
sensitivity, resolution, process stability, pattern
n-batyhpeetaied-tuby abétite.anfl @GS4]l plipsomate; piketong A)choasr-batanone, |
purified by a chem cal purification nmethod such as -
4-mygdiaii2ngpnidinohe wed 2heptanbrie; auettied sugl aﬁte@nhycmﬁlirm, a

conbi nati on of the cheni cal
chmethoxyetha_nes and diethoxyethanes; an alcohol such as methanol, ethanol,

1-propanol, 2-propanol and 4-methyl-2-pentanol; and the l1ke These solvents may be
used singly or in combination of two or more thereof.

The ﬁolymerization temperature is usually in the range from 40°C to 150°C, and
preferably from 50°C to 120°C.  The reaction time is usually in the range from 1 to 48
hours, and preferably from 1 to 24' hours.

[0052]

Additionally, the polystyrene-reduced weight average molecular weight
determined by gel permeation chromatography (GPC) (hereinafter referred to as "Mw")
of the fluorine-containing polymer {A) according to the .present invention is in the range
from 1,000 to 50,000, preferably 1,000 to 40,000, and more preferably 1,000 to 30,000.

If the Mw of the polymer (A) is less than 1,000, a sufficient receding contact angle
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22 purification nethod and a physical purification
nmet hod such as ultrafiltration and centrifugation, or
the |like. Anobng the chem cal purification methods,
liquid-liquid extraction is particularly preferred.
[ 0055] When the fluorine-containing polynmer is
purified by the liquid-liquid extraction, it is
preferable that a resin solution (copolyner solution)
canngt hhodpinedhe O theartharhandnif tic Mwds porg/then 59,809 dsselppahility
in the followng saolvent C and the follow ng solvent
in gyegisktendifodedsereessdcont act to a honogeneous sol uti on,
the@,g]%xturels [l owed to ritact vvlththefollovvlng

sol Ventatig %}WA} 19& Fhetht%b% ystegsnerasriuced nymber average
o E RSB, OLE 2P BOITS LAL UEoRH AU Age T A e apge from

soluble in solvent A Solvent C A
”?(l%?tagiﬁé’\é\%&asg’nftoh‘gvi ng 2 to 10 carbon atons which is
mo?gLubl e in solvent A and solvent B [0056] Exanpl es of

sol vent A (hydrocarbon solvent having 5 to 10

C ar fholﬂe gBﬂ%ﬁ% éA Ql‘fé %ﬁﬁs éﬁtlﬁ?ﬂ% 18%%01@@1115}' 8 gﬁ%@g‘lgﬁg@m

- hexan ‘ane, ane n-nonané and
B0 A3 e RO I LR

les@f))l' W@hﬁ’ I dFe FeférQﬁSrWT’/Eﬁ?fE@i 9}5W91gh{ d S MR pﬁ?rabhy

cohol'i ¢ solvent "having 1 to 10 carbon atons

0.05% drﬂ&éalwhzlfa%mrbam LIV by %féhvaﬁh@@owhqf t%te’ﬁ% is

nmet hanol nol - pr opanol, - pr opanol
leséthaR DNYA by we t ahotluteAaRitant mﬁ@hqﬁmmﬂnﬁﬁd ﬁﬂﬁe@man ol
are preferable. These solvents may be used singly or

lithopraphyrbichai iveteraiith Which theesiet fillheynesfin c&iﬁacfﬂduﬁﬁ% @kposure
the sol vent C (ketone:solvent having 2 to 10 car

cancieneducstli cn adgliti@nktibpessibie oqireent geheratidn b bmieo@
i nclude a ketone such as acetone, 2-butanone,

subgtanresstiy theXregistriiuaing wwragedinhitiepteaerresist #uphiogtido esbsufficiently
acetone and 2-but anone ‘are -

suppress defects during pattern fonnatlon

Examples of the above-menn__oned low molecular weight components originating -
from the n’ionomers include a morioﬁ';é;:lf, a dimer, a trimer and an oligomer, and they
may be ones having Mw of 500 or less. The component having Mw of 500 or less can
be removed by the purification method to be described. The amount of the low
molecular weight components can be determined by analysis of the resin using high
performance liquid chromatography (HPLC).

It is preferable that the polymer (A) contain almost no impurities comprising
halogens or metals. That can provide a resist leading to improved sensitivity,
resolution, process stability, pattern shape and the like.

[0054]
The polymer (A) can be purified by a chemical purification method such as

washing with water and liquid-liquid extraction, a combination of the chemical
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23 preferable. These solvents may be used singly or in
conbi nation of two or nore thereof. Preferable
conbi nation of the solvent Ato Cis one of at |east
one of n-hexane and n-heptane (solvent A), at | east
one of nethanol and ethanol (solvent B), and at | east
~.one of acetone and 2-butaneone (solvent Q [0057]
<Radi ati on-sensitive resin conposition> The
punifagtian nethoslemd iatphy sicalgsicificationposthod ewchals ultredilpateseemid
invention is used for formng a photoresist filmin a
centriiyigation, of thedikai ndmengdls grenpenl purificationahathivdsgliquid-liquid
liquid imersion |ithographic process in which
extragHpmisi parfiquiackyrefeaddt hr ough a 1iqui d having a
refractive index |larger than the refractive index of
[003p} at a wavel ength of 193 nm and being present
ens and the photoresi st and

bet fil i.s . :
chardien s ﬁ‘é@qewoe%tm% BRIy men i purifis by dhes iU iyid gicaction,
.. i,tjon f f ti f th hot it fil
it iy pefiranle 1ol esin o libn, (eoRGReroRiaY Ineigb feai ni ng

i R apefH Sonllo U ARty ey ytowin
. 1 _ - - . D ) . .
sol o e RS R o8 G Rite o 3iaf sEimbERE it kged o

co@é@t%ﬁh& @llo%%gs@ﬁ?ﬁgaeﬁp@?h%th | %ﬂn conbi nati on of

WO Or nore th ymer may be used as an

'.s01?ﬁ,gig;wﬁycﬁeéar@o¢s%mt héxh‘ngé 56, R G368 apfiention.  From

e YI QVVp_OI nt o _ensurln resi st | mtp §ecure a
Solvert B GlieAlEoHofie Q8BS &g&tgq% 102908 a8k SHchiCnSatbY in

suppressing elution of acid generators fromthe resist
solfddtm the content of the polymer (A) is usually 0.1 %

or nore-by weight, preferably 0.1 %to 40% by weight,
Solaadt Gy kestodcedobreabhavitl 296 1®catbin Mymbeitidl is BalsBR ifBolvent A

100% by wei ght of the radiation-sensitive resin _
andcsobyeasBt i on of the present invention. If the content -

of the polyner (A is less than 0.1% by wei ght,
[0066F ect s based on the polyner (A) (high receding :

contact angle and | ow el ution) are not exhibited, that

i s, Exdmpleeciiie sgjversrt Gaiydrocarbon solvent having 5 to 10 carbon atoms):
include an alkane such as n-p'ént'aﬁe, n-hexane, n—heptarie,. n-octane, n-nonane and | ) |
n-decane. Aﬁldng these, n-hexane and n-heptane are preferable. These solvents may
be used singly or in combination of two or more thereof.

Examples of the solvent B (alcoholic solvent having 1 to 10 carbon atoms which
is insoluble in solvent A) include an alcohol such as methanol, ethanol, 1-propanol,
2-propanol and 4-methyl-2-pentanol. Among these, methanol and ethanol are
preferable. These solvents may be used singly or in combination of two or more
thereof.

Examples of the solvent C (ketone solvent having 2 to 10 carbon atoms which is

soluble in solvent A and solvent B) include a ketone such as acetone, 2-butanone,

4-methyl-2-pentanone and 2-heptanone. Among these, acetone and 2-butanone are
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24 angle in the resist filmmay be | owered or elution
of an acid generator and the |like from the resist
filmmay not be suppressed. On the other hand, if the
content is nore than 40% by weight, there is a
possibility that the depth of focus of an isolated
line may be small or a devel opnent defect may occur.
[0059] <Resin (B) having acid-unstabl e group> The
prefezable. (Bheshavlvenfs aray deivdedusisglyiok & gmakipat{dnerféwn af tere
referred to sinply as "resin (B)") according to the
thepgo€sent invention is not particularly limted because
the_radjation-sensitive resin conposition of the

pr eBeeferabla gambingtion ehihpiselyenitA W & apgpd @t lsast opp ef n-hexane
olymer (A) (high receding contact angle and | ow
aniwﬁm Q(SO §HeVe At leagh ong R P&ml&pﬁ sthangl (sel¥ent &) gnd at least

al kal i -soluple resin is preferable which exhibits
Onea‘i’tllza&ﬁongﬁﬁ“ﬂ ﬁuFaP?OWS‘EIH%&fCﬁncti on of an acid. The term
0 "a kal i -i'nsol ubl e" and "scarcely alkali-soluble" used
[Oﬁ ein indicate the follow ng properties: in the case
.. developing a filmusing only the resin (B) instead
'<R§‘$laté°r}"%e§1f§’tve?‘?sln}ﬁm nEsi ng the radiati on-sensitive
r esi iLlOA C i.ning.. | . .under
AL T S R R L RS R R
. .St . f i | 9 . ..
oyl 258 s b g e AR IR Pl
AL AR ARTR kel ORI DA Bnilyd Mol ik Phving o
refiAeAROMBSN Rirdel Rthnithe fhactiRd iBASGHAH 4t ARLMVBRANoS 193 nm, and
~ polynerization of a norbornene derivative and the
beihg Resert beSiden all@isiang (i photdesifaIf, bhd B chRdcRrind fitRat the
-‘anhydride derivative in the mai.n chain obtained by

radCpipf!sysitivez@tih @Bm@bsitiom fr Hormeition G€ tHevihiototesist dilel coRpEises the

~anhydride, a resin having a norbornane ring and a

 aboverhér)ioned ficrirkainefiting polyrteh ¢A)Tairesis (B) vty @i mituigable

copol yneri zation of a norbornene derivative and a
.. grofipeet tjlmtiydsensittermoalgenerator( €3 amitreganrgniaimiog bempanel (D) and
. -ring, a maleic anhydride derivative and a
casglventfEhcryl i ¢ skeleton in the main chain obtained by

o -iz'Cgﬁol yneri zation- of a norbonene derivative, a maleic
- [0088hydri de and a (meth)acrylic conpound, a resin '

" Inthe present invention, the above-mentioned polymer (A) may be used singly
or in combination of two or more thereof. |

The polymer (A) may be used as an additive for a resist in the present invention.

From the viewpoint of ensuring the resist film to secure a sufficient receding contact
angle and sufficiently suppressing elution of acid generators from the resist film, the
content of the polymer (A) is usually 0.1% or more by weight, preferably 0.1% to 40%
by weight, and more preferably 0.5% to 35% by weight based on 100% by weight of the
radiation-sensitive resin composition of the present invention. If the content of the

polymer (A) is less than 0.1% by weight, effects based on the polymer (A) (high

receding contact angle and low elution) are not exhibited, that is, the receding contact
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25 having a (nmeth)acrylic skeleton in the main chain
obt ai ned by copol ynerization a (nmeth)acrylic
compound, and the like. The term"(nmeth)acryl" neans
"acryl” or "nmethacryl", or both. [0061] Anmong the
resins (B), a resin having the above-nentioned
repeating unit (3) conprising a | actone skeleton is
preferable. The sane nononers nentioned above can be
angj¢ wethe aesist imphaydeddwered foe ehibibe ofrmmarie genquatowardi the liké from
repeating unit (3). [0062] The resin_ggé may conprise
thegpdist {dmemasenatdeisnpprossed. (G therothendand, ifthesotigptis more than
t hereaof The content of the repeating unit (3) is,
40%rhyrecigh) thew ixs possillityshatghelenth pEfocps ef ay isplated 1ime mesydbe
to 70 nol % and further preferably 15 nol%to 60 nol %
smﬂie%@d@ﬁlomtﬁ%fmwy 998"t ot al of the repeating units
i_n the polyner (B). If the content of the repeating
(0054} ¢ (3) is less than 5 nol % devel opability and

BRI R Sl | T2 e L o

[ I d ' . [ [ .
Sl AR A PP o A O e
R TR P RN e T b

radgaglptﬁﬁs%@@e;&@%ihg %éosiﬁbn BPAe Phkse riﬁexéngbggxmﬁﬁs éfg&?s%gs@@m

ne as one msnlﬁl one ove and 1s

thegytamﬁ&ghﬁltﬂigh RIcEAiRE 2B ictAnBRAATESw BRYib g 82%%%“' ic

ructure of a polycyclic “structure. e resin

alkéIRInsORIblCRRECSIS aBRNYsoRMe Fe8iRE R bleRG bR WhidildxhPitst WO OF
nore types thefeof. The content of the repeating unit

alkfiZsoluBilis bathe\uddioRRlf Y0 hid 7 O TR® ¥ “BL@fiShaMble” 4Rl ¥Birdely
to 60 nol % and further preferably 20 nol % to 50 nol %
alkhigseldblen udddthergih ¥dicate the following properties: in the case of developing a
~ film using only the resin (B) instead of a resist film formed using the radiation-sensitive
resin composition containing the polymer (B) under alkaline development conditions
employed for forming a resist pattern on the resist filtn, 50% or more of the init_ial
thickness of the resist ﬁlﬁi remains after development.
[0060]

Examples of the resin (B) include a resin ha\}ing an alicyclic skeleton such as
norbornane ring in the main chain obtained by polymerization of a norbornene
derivative and the like, a resin having a norbornane ring and a maleic anhydride
derivative in the main chain obtained by copolymerization of a norbornene derivative
and maleic anhydride, a resin having a norbornane ring and a (meth)acrylic skeleton in
the main chain obtained by copolymerization of a norbornene derivative and a
(meth)acrylic compound, a resin having a norbornane ring, a maleic anhydride
derivative and a (meth)acrylic skeleton in the main chain obtained by copolymerization

of a norbornene derivative, a maleic anhydride and a (meth)acrylic compound, a resin
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26 of the total of the repeating units in the pol yner
(B). If the content of the repeating unit (2) is |less
than 10 nol % resolution in a resist maybe decreased.
If the content is nore than 70 nol % devel opability
and exposure all owance may be inpaired. [0065] The
resin (B) according to the present invention nay
conprise one or nore of repeating unit other than the
haviggpeahéthperphictskel¢@h imthet ridn chzkie obtairetlthyrcopelyaerieaianc
as "further repeating unit"). The further repeating
(methjacrypic epmpaiyidy andihe ah?cns dhe teelasi(mgﬂmcndbmm Gre’ or
selected fromthe above-nentioned repeating unit (4)
“metagerilgs erboilti cycli ¢ conpound, the above-nentioned
repeating unit (5) originating froman aromatic
(006 ound, the foI | ow ng repeating unit represent ed by
t he general for la (5) her‘ilé gfter referred to

" r eHEWNE i 55ins (Bls resin baying BYS BRIy éﬁ@gvmgqgut {3
th f I
coplising §.BFORF Sk tap RS RO s seRerTRiodiers heatonsd ahgys
d b
car R TES O ples PP AS R aiee 1 Gy Prins wnit ).
Ooﬁ%ﬁeat' ng units (4) and (5). [0066] RO E C CH2+ (5)
L O 01 R10 F3C—7<CF3 HO [In the general formula

) R 50 RS S A s e

the%()fa hydr oxynet hyI group, and R10 represents a
val ent organic group.] [0067] Exanples of the alkyl

97 O¥Re BN B thelEpdhifid b (3)34 HTRerbAP 5IAGN BB M, rhite
preferably 10 mol% to-70 mol%, and further preferably 15 mol% to 60 mol% based on
100 mol% of the totai of the repeating units in the polymer (B). Ifthe Céntént of the
" repeating unit (3)'is*1éss than 5 mol%, developability and exposure alloWance tend td be
impaired. If the content exceeds 85 mol%, solubility of the resin (B) ina solvent and
resolution tend to be 1mpa1red | '

-~ [0063] e
| Moreovélf; tl_ie _ifesin (B) preferably comprises the repeating unit (2) represented
by the above-mentid#ed general formula (2) in addition to the repeating ﬁnit 3). A
monomer providing the repeating unit (2) is the same as one mentioned above and is
particularly preferably a monomer having a monocyclic structure or a polycyclic
structure.
[0064]

The resin (B) may comprise only one repeating unit (2) or two or more types
thereof.

The content of the repeating unit (2) is usually 10 mol% to 70 mol%, preferably
15 mol% to 60 mol%, and further preferably 20 mol% to 50 mol% based on 100 mol%
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27 general formula (5) include an al kyl group such as
nmet hyl group, ethyl group, n-propyl group, i-propyl
group, n-butyl group, 2-nethyl propyl group,
1- met hyl propyl group and t-butyl group. In addition,
the divalent organic group represented by R10 in the
general fornmula (5) is preferably a dival ent
~ hydrocarbon group. Anobng the dival ent hydrocarbon
of the g, of dhd iepesiimgamits jrethe polhymir GBhr Hbthegootgpt ¢fghe repeating
_greterable. And it may be an al kylene glycol group or
unih @) & Iy thire 1@ srod’h. wpselution inoG St PRv be deptascd x dirffiecontsht is
R10 include a saturated chain hydrocarbon group such
mogesthan 9 mplendevglapapiliteand axppagirg plbemance maypedmeaiged ups
ipncludi ng 1, 3-propyl ene group and 1,2- propylene
[Ooéggup, tetranet hyl ene group, pentanethyl ene group,

23( ]%e% (Eﬁ g“é’%ﬁg ?d ﬁg% %greqcﬁ%? | glrl] gr,.aglrfggﬁ))ﬁse one or more of
rep R ORH R LA PR e GO N Bt rfred o s
“ﬁ4ﬁﬂf' Tt %Iene grbup, pent adecanet hyl ene g}oup, '
heXadeca yl’ene group, heptadecanet hyl ene group,

P THPRATEL HLARS 340 BRIALSRATR N 16, 1 i sl

 frod AN rlorroRE LRLRNG. QU PhavEad B Ayctic SonRf AN, fi0°

group, ‘ene

abote IEdnfibhedlrepedtitlo YinRTS) &F@Hﬁng@?&ﬂﬁh LRSI %6191 Bund, the

et hyl i dene group, propylidene group and 2-propylidene

' foll@ﬁv%g%e})@aﬁﬁg RIAR Y&prbent iy E@%&ﬁ?ﬂl @h19MHPa g}} ¢heréi®afer referred to
cycl oal kyl ene group havi ng to 10 carbon atons
as ‘tréyatinls 06t (B)T), ailihy feINByiaE eHRatingCurdt represented by the general
-1, 3-cycl obutyl ene group), cycl opentyl ene groups (e.g.
forthpla-(6y (e teheattey tefereedo @y fepeatipalniGXY) eTke gt psndifery .
1, 4-cycl ohexyl ene group) and cycl ooctyl ene groups
mexteongd abdvescanybelgiventag lermeplgs of gk ferabldmodomaers pyalidiag the
- hydrocarbon group such as a cyclic hydrocarbon group
repedting uRits (h)andi(Wgs having 4 to 30 carbon atons
i ncl udi ng norbornyl ene groups (e.g. 1,4-norbonyl ene
[00§¢loup and 2, 5- norbonyl ene group), and admantyl ene
groups (e.g. 1,5-admantyl ene group and 2, 6-admantyl ene
group); apd the like. .

|
-(—(|3—CH2+ (5)
. 6=0
| of
: R10
F. C‘7<
: CF,
HO

[In the general formula (5), R® represents hydrogen atom, an alkyl group having 1 to 4

carbon atoms, a triflucromethyl group or a hydroxymethyl group, and R!° represents a
divalent organic group.]
[0067]

Examples of the alkyl group having 1 to 4 carbon atoms represented by R in the
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28 [0069] In the case where Rl conprises a dival ent
alicyclic hydrocarbon group in particular, it is
preferable to insert an al kyl ene group having 1 to 4
carbon atons as a spacer between
bi s(trifluoronethyl)hydroxymethyl group and the
alicyclic hydrocarbon group. Additionally, R10 is
preferably a hydrocarbon group containing
gererd -foona M)l ieclade gy dkyl, graupsveh by fretly] grovppethyldraup, n-propyl
propyl ene group. [0070] As particularly preferable
grospainpropy! g5eun, mebuipl ey, 2whethylpransdigroup, t-msthydprenyligiepp and
unit (6),
t'b’(“]ﬂ&m]lptrlfl uoro-2-trifl uoronet hyl - 2- hydr oxy- 3- pr opyl )
ne hh? %Eﬁi
411?% iyalentiopganic gpupEprssented By & oinythe generg) fermula
(5)(1 7 ?%ggl %ﬁ?‘(jﬂiﬁ‘}ﬂéh on. i d
(9 Prererally; hydroparbon, ghoghet APIong s divelent hydreathen)
met h) acryl at.e . .
gmflf: 4 HAEE bY ot pycoocpubpy BIRSPIRBEEARTRLIS- Bt Bavibasmalylgne

glyf:éf%r ?&19%{&{]'15}&?1?%2?86%%0% -trifluoronethyl -

Rydroxy) propyl ] bicyclo [2.2.1 Jheptyl}
[Oo-fnxt h) acryl at e,

2 A bt AN S AT
| mecﬁzi_ﬁéa_ﬂé g?%tgpy Eﬁ@?ne g}ﬁilgt ﬁ%&leﬁ@ %1‘6%?3 mg%d%éle@ Ff({ﬁi%l Jor&bland
1,20 9ﬂ%&réne bRiupHeabthylcRd krdu@pﬁﬁﬁﬁﬂétﬁyleﬂ@maﬁ eRhRBthPlene

yl group, Y repriesent
- group, heptamethylene group, octamethylene group, nonamethylene group,
decamethylene group, undecamethylene group, dodecamethylene group,
tridecamethylene group, -tétradecameth}?léne group, pentadecamethylene group,
hexadecamethylene group, heptadecamethylene group, octadecamethylene group,
nonadecamethylene group, 1cosylene group, 1-methyl-1,3-propylene group,
2-methyl-1,3-propylene group, -methyl—l 2-propylene group, 1-methyl-1 »4-butylene
group, 2-methyl-1,4-butylene group, methyhdene group, ethylidene group, propylidene
. group and 2-propylidene group; a monocyclic hydrocarbon group such as a
cycloalkylene group having.3 to 10 cérbon atoms: including cyclobutylene groﬁps (e.g.
1,3-cyclobutylene group), cyclopentylene groups (e.g. 1,3-cyclopehty1ene group),
cyclohexylene groups (e.g. 1,4-cyclohexylene group) and cyclooctylene groups (e.g.
1,5-cyclooctylene group); a bridged.cyclic hydrocarbon group such as a cyclic
hydrocarbon group with 2 to 4 rings having 4 to 30 carbon atoms including
norbornylene groups (e.g. 1,4-norbornylene group and 2,5-norb0my1ehe group), and‘
admantylene groups (e.g. 1,5-admantylene group and 2,6-admantylene group); and the
like.
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29 a single bond or a divalent organic group having 1
to 3 carbon atons, Z individually represents a single
bond or a dival ent organic group having 1 to 3 carbon
atons, R12 individually represents hydrogen atom a
hydr oxyl group, a cyano group, or a COORL3 group.]
[0072] Exanples of the divalent organic group having 1
to 3 carbon atons represented by Y and Z include
[00681 hyl ene group, ethylene group and propyl ene group.
Additionally, R13 in the COORL3 group represented by
R1 21 the tére wheneR) coimprrised adivaight aliepelasksrirecaroiraognin
atom a linear or branched al kyl group having 1 to 4
parbeplpn i is pretareble by insert an alkyleh¢ groaplbgvingd dog cagwmagmas asa
20 carbon atons. Exanples of the linear or branched
spagenietwesnduitriftiaremgethy by daooanatay esewmandrtbpalicyelie byfirpgarbon
R13 include nmethyl group, ethyl group, n-propyl
groYPoup, i-propyl group, n-butyl group, 2-nethyl propyl
gro pro roup, d t-butyl grou
#Brhé@n%fx thels Qrf%f} iachyArspt Ogrgaerﬂo Wlwggg Sreprbenylene
car n_at ons |ncI cycl oal kyl group represented
erofip Lol ot hrohuStedie eger 207 3 ¢ o 20) such
ngﬁ cycl opropyl group, cyclobutyl group, cycl opentyl
Lu cycl ohexyl group, cycloheptyl group and

1o s BB L S B ¥ B
@f‘at Ve ﬁlfﬁ%’qg Qyﬂlilg&g&%gm}fahg St Prodalyc) Jmeth%crylate
O i i e T cyﬁ’“) A

a, ﬁrl@ﬁﬂﬁaralzeﬁlﬂword?naﬁﬁ DhydPOkfs. -pehByPAmetDadPRREd O

cyclic al kyl group; the like can be given. Wen at

(1,1, easflu@be ﬁlﬂubfﬁ'n@&hﬁjzzﬁydrﬁxﬁﬁl el a@ylm and Y is
a single bond, at 1east one of three Zs 1s preferably

2-{§5-(li*viall e&iﬁwf@ramtxﬁﬂwr@nethmam Rgirdxy)propygHicRas] 2. D]ﬁsptyl}
[0073] Preferable exanples of the nononer mhlch | eads

(méth)atdybate, SpEBL(I hY', Urtiflubrd) 2’ -trifibrotiesthyl
3- hydr oxyadamant an- 1- yl - nethyl (neth)acrylate

-2’ wmw}pmm}tmammm-ﬁﬁ 9 Jdveiebyl) (thetbyde)date yenaltthae like can

be given,

[0071]
R11
]
{c—cH (6)
50
Y
R12_Z Z_R12
z
é‘IZ

[In the general formula (6), R" represents hydrogen atom or methyl group, Y represents
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30 3- hydroxy-5-cyanoadamant an- 1-yl - met hyl
(met h)acryl at e,
3- hydr oxy- 5- car boxyl adamant an- 1- yl - met hyl
(et h) acryl at e,
3- hydr oxy- 5- net hoxycar bonyl adamant an- 1- yl - net hyl
(meth)acryl ate, 3-hydroxynet hyl adamant an- 1-yl - net hyl
(et h) acryl at e,

a smg&wmﬂybdadmm higianid aneunt saving: yto-hwesrbod atoms, Z individually

(nmeth)acryl ate,
repaﬂsm}td A Y@Wdﬁ@@?ﬁé@m?rmnmmhﬂﬂngd todearhon atoms, R

1 acryl ate,

mdgﬂ’é%&(ﬁgﬂ%lﬁﬂm@ﬂ BiemadddRveh group) a exang group, or a COOR"
nﬁt h) acryl at e,

gro8paydr oxynet hyl - 5- car boxyl adasnant an- 1- yl - net hyl

OO%Eﬁt h) acryl at e,
[ ydr oxynet hyl - 5- net hoxycar bonyl adamant an- 1- yI nmet hyl

 eERAEES pEhE divalent HRE0E R e A represented

by ?ﬂ“@lﬂ%&cﬁ% Bie e Saatna tiens SgAup fRlRopPyiene group.
( mhﬁh%ﬁéﬁihéglh in the C OR‘I grow reﬁresean t1y R PhthF general formula

ano- oxycar ony

O R o % BT Tt pyon

atoﬁﬁeeﬂ%%ﬁ?‘elﬁtaﬁke){ avm(%n yﬁo 20 carbon atonils Examtples of the linear

3-car boxy car b amant an-

or Krgﬁéﬂé}lﬁﬁd'y ,havmg 1 to 4 carbon atoms 1e resented by R" include methyl
3- met hoxycar bonyl adamant an- 1- yl - nme (et h) acryl at e,

grodp Seth1FRsUR0 K 3Fery gﬂﬂgaﬂ%?l @8up, %uti’leérbﬁﬁ 2-methylpropyl

(met h)acryl ate,

groaphydi’eﬂ?ygyr adcatram dpyl (neth) acryl at e,
5-dih gg({}%gdmrgst hyl adaﬁn%gt%n |-yl (meth)acryl ate,

3- hExla[mpdys &f thy aligyclie atkyhyloap hnwing dne I29 y,hrbon atoms include a
(et h) aeryl at e,
cycBoatigyd lgmq}rﬁpm:mﬂmm -CeHpet (whemilamisreinteigerydf 3 to 20) such as
met h) acryl at e, '
cycgomsmrl @ryipseynlotvty\aroutts oyslbpentyherdup, a:atémmvbgroup yycloheptyl

(et h) acryl at e,

grogp H%IP ¥otgaetl igyoups - Farthon aaakyahieyehic Blkyl glpnﬁwghea@r yl at e,
I hydr oxymet hyl - 7- met hXJ @damant an- 1-yl

blcm{@[t?{% p]g):y]agrgup, mcyclo[S 2.1.0%"]decyl group,

teﬁegdcﬂfgﬁx % By ecany t h())/up andrzt%ta;r%xllgr é‘r@%{»‘ff&bhﬁ ¥n| which a part
of g ?ﬁ%& %W%?o%% p%?eaﬁl (:Ilfc alkmcft hc}/ulpa}sd gl%%tr}%u?e% \!Vlﬂ\{ olane or more
linear, branched or cyclic alkyl group; and the like can be given.

When at least one of three R'%s is not hydrogen atom and Y is a single bond, at
least one of three Zs is preferably a divalent organic group having 1 to 3 carbon atoms.
[0073]

Preferable examples of the monomer which leads to the repeating unit (7)
include, 3-hydroxyadamantan-1-yl-methyl (meth)acrylate,
3,5-dihydroxyadamantan-1-yl-methyl (meth)acrylate,
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31 3- hydroxynet hyl - 5- car boxyl - 7- net hyl adamant an- | -yl
(met h)acryl at e,
3- hydr oxynet hyl - 5- net hoxycar bonyl - 7- net hyl adamant an- | -
yl (nmeth)acrylate, 3-cyano-5-nethyl adamantan-| -yl
(et h)acrylate, 3,5-dicyano-7-nethyl adamantan-|I -yl
(met h) acryl at e,
- cyano- 5- car boxyl - 7- net hyl adanant an- | -yl
3- hgd@p(mSa@ayozﬁamantan— -yl-methyl (meth)acrylate
- cyano- 5- met hoxycar bonyl - 7- net hyI adamant an- 1-yl
3- h@fﬂ@?{ﬁj%@ﬁt%ﬁi@éiamas%drﬂdnfvthyldmﬁﬁt sty @éRamant an- 1 -yl
(et h) acryl at e, 5-di car boxyl - 7- met hyl adamant an- | -yl
3- h@fﬁ@g{ﬁ-) AR p&yc‘@rbonyfadamantan 1-yl-methyl (meth )Sacrylate

car bo lﬁrlglpgnettalllq-? _cn?er lra{ﬂethgacrrr%tapeyl adamant an- 1-yl

3 5(41[&3 hox 63 y‘r}?(garXantan— - n%él;h?(? ?r{lmiﬂ)acrylate

3 hé(gﬁg)tx%' rc%))g%ﬁ@%)ﬁg%ﬁn&n@ mﬁle ?P%é]&lﬁcrylétg |
3-< VAL OR R b AR b ki G e,

3. h?dl%xﬂl;n ?f—?—’&ir‘b%xﬂ%ﬁ%:ﬁﬁﬁm—h?eﬁlﬁ hbRHI e,
3- h?dxmég? ?I—? ﬁ%@c%b%lﬁi%%ﬂp&?ﬁleﬁlﬂ (SN Late,
-c?aﬂ&iﬂi:ﬁm F«?T Qﬁlh)ﬂ (lﬂétﬂﬁ(:ﬂbﬁté‘ CRATRRY AfsadaMhataRt BY |methyl

nmet h) acryl at e,

(mé’zhjay £ )B= msm@@rah%uhmﬂ 10Rthoth AR h@Pkde; V| - et

met h) acryl at e,

-c?mﬁyﬂmbd}bbny&ad’ﬁﬁiahtéhaldﬂnﬁeﬂﬁpﬁﬂetﬂjacﬁﬁit@ 1y |

(nmeth)acryl ate

3- c&%xﬂammmt-hmﬂﬂ(rﬂ&h}mf}&ﬂanant an- 1-yl - net hyl

(et h) acryl ate,

353h¢uybim)iaﬂaﬁlahlymleydyrnﬁhwmeﬂ1)m}ayd,adanant an- 1 yl - rret.hy_

(et h)acryl ate, ,
3- c&‘boyﬂfﬁanﬁﬂm&mwhqxryﬂndhmanﬁnﬂeﬂhyethyﬂa(nmﬂt)aq:rylbtqgI met hyl -
(et h) acryl ate,

3- Hﬁmﬁ@ gmdadapiangnelay byl fmfﬁhlahly'llaé@arrant an-1-yl-neth

(et h)acryl ate,
3 5@%9@PWWMWWBW%&WJB&W¢)W%W adamant an- 1-.

% met hyl (et h)acryl ate,
[00 4]cyano 5- net hyl adamant an- 1-yl -net hyl (meth)acryl ate,

%‘ﬁ‘ly‘g‘)é?%%d{lgtﬁe LAt Pediartyie: '
3 5?%@%/ 3 '?‘ Cg{ygo&(%antan-rﬁe—grp()fne% acry{]aii an-1-yl - net hyl
3- hﬁdr‘z‘%g hsyacgf%t,ﬁ@isyﬁéma‘}ﬁ%l 131 ARt iyadament an- 1-y1 - net hy

rylate

3 h?dl%?% Boxw xg -'T%&Mhﬁ‘&’ﬁﬁ%%af‘y R TEER ML,

acry
3 hydroxy-)S -methoxycarbonyl— -methyladamantan-1-yl (meth)acrylate,
3-hydroxymethyl-5-methyladamantan-1-yl (meth)acrylate,
3,5-dihydroxymethyl-7-methyladamantan-1-yl (meth)acrylate,
3-hydroxy-5-hydroxymethyi-7-methyladamantan-1-yl (meth)acrylate,

3-cyano-5-hydroxymethyl-7-methyladamantan-1-~yl (meth)acrylate,
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32 3, 5-di car boxyl - 7- net hyl adamant an- 1- yl - net hyl
(met h)acryl at e,
3- car boxyl - 5- nethoxycarbonyl 7- met hyl adamant an- 1-yl - ne
thyl (meth)acryl ate,
3- et hoxycar bonyl - 5- met hyl adamant an- 1- yl - net hyl
(meth)acryl ate
3,5-dinethoxycarbonyl-7-nethy|adanantan-l-yl-nethyl
3- h@d@p(mpa&lwyﬁ-@arboxybbmﬂhyladamaman- -yl (meth)acrylate
3- hydr oxy-5, 7- di net hyl adamant an-1-yl (neth)acryl ate,
3-hydreyammeshy htmesfhoxeycarbanyet- mﬂa’émiﬁmn@n-ll-yl;(meth)acrylate
(rmeth)acrylate,  3-cyano-5, 7-di net hyl adamant an-1-y
3- cymmrﬁéh adgmantansl-¥ 1>ry131tez 3efi ﬁa@fm’éwﬁwﬂﬁd@mamwl -yl
t h)acryl at e,

(meshReph s BTy Ak yiplannteml-gh (aetlacrylate,
-°§ g?‘%%)iyxlgggf oemsthladampntanl vl poethiaogyipte,
3ot Sl Bmegan: 171 fmefpstilaffant an- 1- y1 - et hyl

3 ST AR adamentan vl (PSAET ey oty

3.t 9%%&%?“ &Y GutpuylTemetladamantan--3] (methacoylat,
3-n&éw%%&wg?»‘b%sthwlasawwgmnewagi SIS 11 - et byl
3, s(criﬁte!hb Ry R 7 IR - F9D(mAR)BYRE. [0077]

Anong these nonomer’s, 3-hydroxyadamantan-| -yl - met hyl
[00GBEL h) acryl ate, 3,5-di hydroxyadamant an- 1-yl - net hyl
~ (neth)acryl ate, - 3-cyanoadamant an- 1- yl - met hyl .

(mes Jn?mwﬁ&hemﬁammﬁmy LGty (Rt actVatEet hy!

(met h)acryl ate

3,53lilyddi0xy-nretimpidaacanbpl-aethit gthethpetyigtacr yl ate,
3, 5-di"hydr oxy- 7-net hyl adanant an-1 -yl (neth)acryl ate,

3- @dhyﬁﬁmwn&-?ﬁndhyhﬂhyhxﬂai&ﬂr%&mﬂhﬂ{mleth()mjtlhl)eac ryl ate,
3-car boxyl -5, 7- di net hyl adamant an- 1-yl (neth)acryl ate,.

3- hsdﬂmyyjqﬁeoaybcﬁgyv--’i ehethylhgdraahdara iybrmethyy (methjduyylate,
(nmeth)acrylate and the like are articul arl S
3- hydl@p{g»-ﬁr@ 0{(1;@171:@}1y1—7-methy1adamantan- -yl-methyl (metﬁ)acrylate,_ '
73-hydroxymethyl-5~methyladamantan—1—yl—methyl (meth)acrylate, o
3,5- dlhydroxymethyl-7-methyladamantan—1 -yl-methyl (meth)acrylate, |
3-hydroxy-5- hydroxymethyl-7-methyladamantan 1-yl-methyl (meth)acrylate,
3-cyano-5-hydroxymethyl-7-methyladamantan-1-yl-methyl (meth)acrylate,
3-hydroxymethyl-5-carboxyl-7-methyladamantan-1-yl-methyl (meth)acrylate,
3-hydroxymethyl-5-methoxycarbonyl-7-methyladamantan-1-yl-methyl (meth)acrylate,
3-cy§.no-5-methyladamantan—1-yl-methyl (meth)acrylate,
3,5-dicyano-7-methyladamantan-1-yl-methyl (meth)acrylate,
3-cyano-5-carboxyl-7-methyladamantan-1-yl-methyl (meth)acrylate,
3-cyano-5-methoxycarbonyl-7-methyladamantan-1-yl-methyl (meth)acrylate,

3-carboxyl-5-methyladamantan-1-yl-methyl (meth)acrylate,

32



33 The resin (B) accordlng to the present i nvention
may further conprise a repeating unit (hereinafter
referred to as "still other repeating unit") in
addition to the repeating units (4), (5), (6) and
(7). Exanples of the still other repeating unit
i nclude units obtained by cleavage of a polynerizable
unsaturated bond in a ineth)acrylate havi ng a bri dged

3 Sfﬁktwbv@ﬂﬂonethsllaéammﬁm— wtimedly] dinethricagatat eny|

(nmeth)acryl ate and adanmantyl nmet hyl Sneth)acr | ate; a
3-cedprydxy medogtiparbenyl-drmethyladamantat hwi-mythy! b late,

hydr ocar bon skel eton in an _unsaturated carboxylic

3- W%Y&@b%ﬂé'@ﬁ%@ﬁ%ﬁ@%ﬂ wglrm?thﬂt ﬁaeﬁaawlatee

3. SEERY B Ao RO el FLe) (rahBerifteo7s] o

Ooéggt h) acryl ate not having a bridged hydrocarbon
[ | eton such as nethyl (neth)acrylate, ethyl

R e T
e b
A ) 0t

SRRt

3 H%TW&E&B&WIQSI RN A Sy at e,

2- cycl ohexXyoxycar bonyl et hyI (met )acryl ate and

3-hgdiody Fet-Bigvensplsdaah@anl )-9xmemy DaRsth RE
?mb ﬁ)acrylate [Oog%rognﬁe yg?%fe&g%%il acryl ate

3-hgdroRy@sthyes Tdimathy dr@xytartt bl lméhylyhitthacrelatyy |
a- hydroxynet hyl acryl ate, n-propyl a-hydroxynethyl

3-cpantoy$, Zdémethglladarharityd- 1 -yd-nietlolyl xigtipddayihteacr yl ate; an
. unsaturated nitrile conpound such as
* 3-cfnbexyl)pedithethyladarhantan- Byt ndethyd Gocth)aerilate) | e,

crotonitrile, maleinitrile, fumaronitrile, :
J-nredaosyoarbemsiliSe7-dinasthyladsorintan1-gl-athyl (raetbyactyldte end te like can
.- unsaturated am de conmpound such as (neth)acryl am de,
'-bengvdlnethyl (met h) acryl am de, crotonam de,
- mal ei nam de, fumaram de, nesaconam de, citraconam de,
: -[00371](1 i taconam de; ot her nitrogen-containing vinyl

: N CK%JQ ihegé:lgy%gglzle%;%hy&rtg))x?gc{a}/}:{ag%/ann?)rflpr?lgghlyp(?neth)acrylate,

3 ,S-dihydroxyadamantan- 1-yl-methyl {meth)acrylate, 3-cyanoadamantan-1-yl-methyl
(meth)acrylate, 3-carboxyladamantan-1-yl-methyl (meth)acrylate,
3-hydroxy-5-methyladamantan-1-yl-(meth)acrylate,
3,5-dihydroxy-7-methyladamantan-1-yl (meth)acrylate,
3-hydroxy-5,7-dimethyladamantan-1-yl (meth)acrylate,
3-carboxyl-5,7-dimethyladamantan-1-yl (meth)acrylate,
3-hydroxy-3,7-dimethyladamantan-1-yl-methyl (meth)acrylate and the like are
particularly preferred.

[0078]
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34 N-vinyl pyrrolidone, vinylpyridine and
vi nyl i m dazol e; an unsaturated carboxylic anhydride
such as (meth)acrylic acid, crotonic acid, naleic
acid, maleic anhydride, fumaric acid, itaconic acid,
anhydrous itaconic acid, citraconic acid, anhydrous
citraconic acid and nesaconi c acid; ‘a carboxyl
group-contai ni ng ester not having a bridged
hydﬁb@ﬂsﬁdﬂ)s@nkéngnymapammmﬁﬂammbamﬁddhﬂhhnxmuﬂbeacid
such as 2-carboxyethyl (neth)acrylate,
repgamm@memﬁbr 1efeeted o es Vdtiditasher 3epratibp uyifh) apgddition to the
(meth)acrylate, 4-carboxybutyl (neth)acrylate and
repﬁatm%ﬂ%)ybﬁ)ﬁéﬁw (Mneth)acryl ate; [0081] a
pol yfuncti opal nononmer having a bridged hydrocarhbon

skeFxamples oicthe g4l omegrea%mnm&n@@p@ﬁ urgfs(abiairgdelr sleavese of a
Polimﬁnm%ane% Bon: ddp( i a})acr aéq%bndged hydrocarbon

%ll’(fhé‘? s P?fﬁﬁg’ﬁéwgﬁlﬁ\gqcnﬂ%{% ,apéh ot Iat awl (1;1 t?l)ac late a
car Yﬁ,%far Z%Wrﬁﬁégt“wifﬁ%%ﬁ@gﬁﬁv%%ﬁa% Wy e
unsffPHE B RaRl sun AT RSO ShE gy ™ ©
cmﬁééﬁ?y&aneéﬁ%ﬁ rget?#elsr%@acr y‘fﬁ@&lﬁe‘ﬂa@?&&ﬁlﬁ%ﬁh an&h)acrylate

Um?gg bi s(2- hydroxypropyl)benzene di (neth)acrylate and
bi s(2- hydr oxypr opyl ) benzene di (neth) acryl ate; and

the, tm&ﬁ acHTRB aoﬁﬁh%g Stridded %&%gfﬂbsﬂ @1@&1&8? st s Snethil®

units ob ai'ned b avage of neri zab

(métRfstyta et @ae&k dcBylate g w@ﬁQﬂﬂhﬁcﬁyl%Vﬁ-Bgty@(rﬁéth%ﬁ@ate

hydr ocar bon ske eton the |i ke are prefeérable

2-nh i3 plop T encliohehylans 1 abbtRyIQFdPyP(théth jabs/1418 SLbuL @neth)acrylate

accordlng to the present invention preferably has a

~ 2-hytvoagsthyli (enesit)aciglaty, 8- lqdrq&@bmybdm@hﬁbﬂylm @n}@:dr@@@fo;fyu c

exanpl es of the structures include nethyl

(mathakrybaetcytlopeplil/(metlatryfes cyélopeneiiiretiyallateexydlohexyl
- et hyl cycl ohexyl, nethyl adamantyl, ethyl adanmantyl

" (methyctylege, |41-1kleth0{<ﬁﬁ’81®]lexyl (meth)acrylate 2- cyclopentyloxycarbonylethyl
| (meth)acrylate, 2-cyclohexyloxycarbonylethyl._(mc;th)acrylate and
2~(4—methoxycyclohexyl)oxycarbonylethyl (meth)acrylate;
[0080]

an a-hydroxymethyl acrylate such as methyl a-hydroxymethyl acrylate, ethyl

a-hydroxymethyl acrylate, n-propyl a-hydroxymethyl acrylate and n-butyl
a-hydroxymethyl acrylate; an unsaturated nitrile coinpound such as (meth)acrylonitrile,
a~chloroacrylonitrile, crotonitrile, maleinitrile, fumaronitrile, mesaconitrile,
citraconitrile and itaconitrile; an unsaturated amide compound such as (meth)acrylamide,
N,N-dimethyl (meth)acrylamide, crotonanﬁde, maleinamide, fumaramide,
mesaconamide, citraconamide, and itaconamide; other nitrogen-containing vinyl

compounds such as N-(meth)acryloylmorpholine, N-vinyl-g-caprolactam,
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35 The resin (B) according to the present invention
may conprise either one type or two or nore types of
the repeating units selected fromthe group consisting
of the repeating units (4), (5), (6) and (7) and the
still other repeating unit. [0085] The content of the
repeating unit (4) inthe resin (B) is usually 30 nol %
or less, and preferably 25 nol % or | ess based on 100
N-vinylpywélidone, vioylayridine aidvinghmidazolg; amimssturated ¢drkoxylisi n
(B). If the content of the repeating unit (4) is nore
anhydtide 3&hras (msthiaeaylic asid, srotenis peir, maleiceacid, maleip anhydride,
deterjorated or resolution nmay be jnpaired. The
asih itagoniqycid, @ﬁbﬁrpwt%mmc acR) citigeerie a@ésanhy@r@}ls is
.usually 40 nol % or |ess, .and preferahly 30 nol % or
citiagonic #3d apd BEserenicAsila srrbery &ralemporgauntns@staereﬁ@ahaw

brid iR oGH S’fglfe@%l i & %tﬁ‘gﬁarﬁ Giosid g cagonvethyl
mghBERTRF 2 SR BREAE S BRbuRerd flﬂ%ﬂﬂacr@z fe,”®
4"°é1?’§?@5‘15@?({}’%9§5%%@%%‘? 419‘2%@0’9%%‘33‘16% EREhRERaR " he

[Ootsojw of the repeating units in the resin (B). If the
tent of the repeatlng unit (6) is nore than 30

gF ng ‘Pol?g,[n %ag gwnoEE 5 bﬁgﬁ%%ﬁ?ﬂg nctﬁfbgfl\gﬁ%%letoh@u&pas
1 zra%&%aﬁ@ﬁaila%@n&ﬂ)acﬂyﬁt@a%&xnﬁ%@i elhfRfylaRNd

preferably 25 nol% or I'e§s based on 10
1,4t b AbntahediI iSRRG Ml &2 élGdécBﬁyl dhﬁét'h?lo( @(meﬂﬁad-ﬁ@te
content of the repeating umg (7) i's nore’than
[0082] % a resultant resist filmtends to swell |n an
al kali devel oper and solubility in an al kali devel oper
maya plgfudetoed amtomibhsthaeing dHikliged hy@otarbbn édetetsd such as
other repeating unit is usually 50 nol % or 1ess,  and
methykhe ghicbldidbethipictplate, dtledendgigad dimeti)bcrpiatdpatpyiche glycol
total of the repeating units in the resin (B). [0086]
di(mhﬂa)ace)slﬁtn L B—)hemdiodal ﬂiﬁ]gleﬂbadrﬁetepﬁ Ssbmethyh¥Sritexamedosn
roduced by pol ymerizing pol ymeri zabl e unsaturat ed
dimeseeigiechi weispohcl fgnetb)eutor Lipoauimgiol dimetharylte

1,4-bis(2- hydroxypropyl)benzene di{meth)acrylate and

| 1,3-b1s(2-hydroxypropyl)benzene di(meth) acrylate; and the like.
| Among the'sé still other repeating units, the units obtained by cleavage of
polymerizable unsaturated bond in a (meth)acrylate having a bridged hydroéarbon
skeleton and the like are preferable.
[0083]

The acid-unstable group in the resin (B) according to the present invention
preferably has a monocyclic structure or polycyclic structure.  Specific examples of the
structures include methyl cyclopentyl, ethyl cyclopentyl, methyl cyclohexyl, ethyl
cyclohexyl, methyl adamantyl, ethyl adamantyl and the like.

[0084]
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36 unit in the presence of a chain transfer agent as

requi red, using a radical polynerization initiator
such as a hydroperoxi de, a dial kyl peroxide, a diacyl
per oxi de, and an azo conpound in an appropriate
solvent. [0087] Exanples of the solvent used for
pol yneri zati on i nclude an al kane such as n-pentane,
n- hexane, n-heptane, n-octane, n-nonane and n-decane;
a cYyhe¢ waink®) eceuding &sthe pyescuthiaxantion mayalooipeisanigher one type or
cycl ooct ane, decalin and norbornane; an aromatic
mmym@@aﬂmmf shectiepeating anite selectedirom tee gioyp eensisting of the
et hyl benzene _and cunene; a hal ogenated hydrocarbon
repedfisig wits ¢ 69olon achER ang theraillthss sepeatimg Mlibr oet hanes,
hexanet hyl ene di brom de and chl orobenzene; a
m0§§}urated carboxylic acid ester such as ethyl acet ate,

D Db forfe of i sepsabt ek (S0 Bioein B ustally 30 mol% or less,
and %fgﬁaﬂ%?éﬁﬁf'%ﬁ?% S B e DR S G e of W TepSaif uis in
the S5 1S G enf g h%ﬁ%ﬂg&mté?fﬁ%&% Fhvﬂﬁ@?]én%‘i%rﬂﬁw of s
resif{ Garfi WAT ??%%gﬁ*edd’wpsr‘)e hpd bRy C 1 500 o

Qi i e e
andBrbRAUAHH 360 H{oI%EHrtlésg 'Bh&ﬁ'o‘h 1'00%61%%@%%&% Jﬁﬁ&t%gms in

(B) according t he present 1 nvention deter
the @8¥%n (). P1Lfhe rc@ﬁ’t'e]‘z(t dffthd RPedtRRARI(5 PRorD! %nue w99, 99<ﬁat10n
nore preferably 1,000 to 30,000, and still nore

um@hﬁés@drﬂlahybér&%ed d3HteRGrofile rﬁztyeoel\dmerﬁfraté&le resin

(B) is 10,000 or less, heat resistance in a resist

t enHﬁaddﬁldhgtHe@oﬁreﬁ@bftmrdphﬁmthﬂﬂﬁ) txangally 30 mbE6 MMeks and
nore than 100, 000, developability In a resist tends to

- prefeeably @6 ned%eaut.leskbasadain Ol A6 the totalhd thditepeatingamivhin the
- determ ned by GPC of the resin (B) is normally in the
resmdBye Hitlhmedhtand obtheaepbatingfmit 60 liymbre thai®30 f@0%B93 resultant
resist film tends to swell in an alkali developer.
Further, the content of the repeating unit (7) is usually 30 mol% or less, and
preferably 25 mol% or less based on 100 mol% of the total of the repeating units in the

resin (B). If the content of the repeating unit (7) is more than 30 mol%, a resultant

~ resist film tends to swell in an alkali developer and solubility in an alkali developer may

be decreased.

Moreover, the content of the still other repeating unit is usually 50 mol% or less,
and preferably 40 mol% or less based on 100 mol% of the total of the repeating units in
the resin (B).

[0086]
The resin (B) according to the present invention can be produced by

polymerizing polymerizable unsaturated monomers corresponding to each repeating
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37 In the resin (B), the solids content of the |ow

‘nol ecul ar wei ght conponents originating from nononers

used for preparing the resin (B) is preferably 0.1 %

or less by weight, nore preferably 0.07% or |ess by

wei ght, and still nore preferably 0.05% or |ess by

wei ght based on 100% by wei ght of the resin. If the

content is less than 0.1% by weight, the eluted
unipinothe preisencelof alchajnitrdasfer agentas rdquirade nsing a radi¢ah pglyashigation
_.such as water with which the resist filmcones in
initgaden sueh aslg hydrgpeanpids.r dalkshpasexide dutieqy] penoxidadatidtanao

it is possible to prevent generation of extraneous
corspayd i a apprapde sel¥ditst  during storage, inhibit

peven resist applicati.on, and sufficiently suppress

[Oogg]’ ects during pattern formation. Exanples of the

o B L R B A SR IP B
SR b . e Bh S5 SR Tl S0
ol ST 500 SRUPETBY B SR LR P
o 5 TS, SO0 AL NS SIS b

hycgrp%é;%n such ab Sh1BfoBhRLAD lbﬁmﬁcﬁi%&aﬁe@,eﬁglﬁgio%th(a@s ﬁ%%%%k@lene

no I npurities c¢onprising 0gens or

dibldiRide GRD cbRVERRNE d GRlrstd b&BGHIR dcf nibs.fgi’ SQUEE ethyl acetate,
sensitivity, resolution, process stability, pattern
- n-boRRBEtARG-Budf abbthR-and RE:tKE Prdpiéfle; GARIE sBH A J-BGtatdhed
chenical” purification nmet’hod such as washing w th -
4-¥éali 12 -peidariond Bhdl2 thepidh¢hee ¥ E@R6LE QR as RtraRFdIbARd, on Of
the chem cal purification nethod and a physi cal
dinfethidxfyetbahds@nd distioxdehuads; agl ik likal | Thdsakdloentan@y be used
centrifugation, or the like. [0090] In the present
singhy\oe in cambinatiom ofespor (idye theyeoie used singlly or in
conmbi nation of two or nore thereof. [0091]

<Raflhepolymesmimntieraperamiais gewatlyzn dre raefrom 40°C to 150°C, and

preferably from 50°C to 120°C. -The reaction time is usually in the range from 1t0 48
hours, and brcferably from 1 to 24 hours |
[0088] |

Although not particularly limited, the Mw of the resin (B) according to the
present invention determined by GPC is preferably in the range from 1,000 to 100,000,
more preferably 1,000 to 30,000, and still more preferably 1,000 to 20,000. If the Mw
of the resin (B) is 10,000 or less, heat resistance in a resist tends to be lowered. On the
other hand, if the Mw is more than 100,000, developability in a resist tends to be
decreased. |

The ratio (Mw/Mn) of the Mw to the Mn determined by GPC of the resin (B) is
normally in the range from 1 to 5, and preferably 1 to 3.
{0089}
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38 The radi ation-sensitive acid generator (C)
according to the present invention (hereinafter
referred to as "acid generator (C)") is a conpound
whi ch produces an acid by being exposed to light,
causes an aci d-di ssociable group in the repeating unit
(2) in the resin conponent to dissociate (disconnect
a protective group) by the function of the resultant
aci th the rerirk@B )t the seligromatbnp af the déw ndequiss ivetightt cbmponents
readily soluble in an alkaline developer, and forma
origigating %@ntmm@mees;wﬂ foraprerating trheesindBA igenterablnd. 1/0)r less
is preferably one contalnlng the follow ng conpound
by M@pﬁhége?rﬁ @a% wblryrﬂeﬂ‘@é geless by wieralt.and 739111 qrrm Etefmble 0.05% or
referr ci.d generator

e Bl B besed oy Aby RIS Erer 6oy 9o Tithe P‘P@e@éﬁ@ﬁ%ﬁhaﬂ 0.1%
by SRR tﬁqqéla?ﬂéﬁ?}%ﬁ@{%f’;éeﬁ o N R aieB ap gty st as
wafly SR ﬁ%asaﬁf 51%130@%%% 3 Portae] ﬁs%naepeﬁ?r%‘%ﬂn B priced, In
addfjbr, A8 B EENEE el RV AitBoeH ey ©
duﬂ%éfl)ragé %’lﬁblf? ﬁﬂéx%g ré‘sostt %ﬂ%]gcaggr ba%ﬁ sﬁﬁ%ﬁﬂg %E}gﬁrl slss?ﬁ( ?egﬁyqunng

mﬂ&@ﬂﬂnﬁ ng 1 to 10 carbon atons, R16 individually
represents a linear or branched aIkyI gr oup haV|ng 1

to v
e T T

frofi 8 hichbines maﬁdé YhoReGsr, RARHert 2 (rhBEnd an%\g&hep bind they

group which has to 10 carbon’atoms and may be

ma§ be Shis hiveth, Miy ¢fssoerbr 63k ETERe &mpdhehGnati Q§>er SHVODR HsS can’
the-general fornula R17C'F2"SO3 or R17SQ3 (wherein R17

be removed by the purification method to be described. The amount of the low

moIecﬁIa_r weight components can be determined by analysis of the resin using high
performance liquid chromatography (HPLC).

It is preferable that the resin (B) contain almost no impurities comiarising
halogéné-:er metals. That can provide a resist leading to improved sensitivity,
resolution, process stability, pattern shape and the like.

- The resin (B) can be purified by a chemical puriﬁcatilon method such as washing
with water and liquid-liquid extraction, a combination of the chemical purification
method and a physical purification method such as ultrafiltration and centrifugation, or
the like.

[0090]

In the present invention, the resin (B) may be used singlly or in combination of
two or more thereof.
[0091]

<Radiation-sensitive acid generator (C)>
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represents fluorine atomor ‘a hydrocarbon group having
1 to 12 carbon atons, and nis 39 an integer of 1 to
10), or the follow ng anion represented by the genera
formula (8-1) or (8-2), and r is an integer of 1 to
10; RI8 R1I8 O . O / 180 SO N 0 .OR-S11\ -C.O
O SR18 O O SR18 (8-1) (8-2) [In the fornmulas, R18
individually represents a |linear or branched al kyl
gr olihe tadiating-semsitinsr dcibgenemtord hd adcording ® thaphwsentdnemeion
or two R8s in conbination represent a divalent
(hegsinpdisr eclemrestito asdesid genaraior ((8) istacmempatndwhish poodigepamacid
atons, wherein the dival ent ani ¢ group may_  have a
by beipg exnasechic feltowose an@cndrfbssgéaagmmwm repedting unit (2) in
exanpl es of t or branched al kyl p. havin

fe%cwwpb@rf%stﬁé%%@m@@m Eetespvw@up)%gtﬁaﬁawm of the
e LB g s 5 Rl Bl it
* devslgige A Forgtepstt “ﬂﬁgagﬁsmﬁp%{?s?r"ﬁp’he&S’F”B%USTW"’

- it iRl Suntre R ogéﬁ%iﬁanm’é&%gp e Sraped
repfiSLAIIA O IR WRnerl ftinulB7) eyl sores R, “hbibiermon

[00 ob | i near or branched al koxyl group having 1 to 10
carbon atons represented by R14 and R15 include

met hoxy group, ethoxy group, n-propoxy group,

I - pr opoxy gr n- but oxy group, 2-methyl propoxy
-group, ylp opoxy group, t-butoxy group,
n- pempt % neopent yl oxy group, n-hexyl oxy
gro onxy '
- J (7)
+ 16 '
k PR
R6

[0093]

In the general formuIa (7), R" represents hydrogen atom fluorine atom, .'
hydroxyl group, a linear or branched alkyl group having 1 to 10 carbon atoms, a linear
or branched alkoxyl group having 1 to 10 carbon atoms, or a linear or branched |
alkoxycarbonyl group having 2 to 11 cérbon atoms, R'° represents a linear or branched
alkyl group having 1 to 10 carbon atoms, an alkoxyl group, or a linear, branched or
cyclic alkanesulfonyl group having 1 to 10 carbon atoms; R'® individually represents a
linear or branched alkyl group having 1 to 10 carbon atoms, a phenyl group that may be
substituted, or a naphthyl group that may be substituted, or two R'%s bond to form a
divalent group which has 2 t010 carbon atoms and may be substituted, k is an integer of
0 to 2, X" represents the genel;al formula R"C,F,,805 or R1S0; (wherein RY

represents fluorine atom or a hydrocarbon group having 1 to 12 carbon atoms, and n is
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group, n-octyl oxy group, 2 ethylhexyloxy group,
n- nonyl oxy group, n-decyloxy group and the 1iKke.
Anong t hese, nethoxy group, ethoxy group, n-propoxy
group and n-butoxy group are preferable. 40 [0096]
Exanpl es of the linear or branched al koxycarbonyl
group having 2 to 11 carbon atons represented by Rl14
i ncl ude met hoxycar bonyl group, ethoxycarbonyl group,
an miqeenpbk jecHN) barthit falosdng anieprepperyted bp treydengmbiaqmmula (8-1) or
n- but oxycar bonyl group, 2- met hyl pr opoxycar bonyl
(8%&embrmﬁnwm@gykﬁﬂdpdﬁycarbonyl group, t-butoxycarbonyl
group, n-pentyl oxycarbonyl group, neopentyl oxycarbonyl
.group, n-hexyl gxycarbonyl group, n- qsgtyloxycarbonyl
group, n- oq9¥l ycarbonyl group, .0y,
2- et hyl hexyl o®wgar bonyl  group ﬂ éiy oxycar bony
group, n- deqy1 ogycar bonyl gr oﬂfo—SPrGD“thg i ke. Anobng
these al koxycgebonyl groups, net oxﬁg’ bonyl group,
ethoxycarbdby g oup, n-but oxycardorgls group and the
like are prefeltiable. [0097] In addition, exanples of
the linear, (B*Bnched or cyclic al k&@}sul fonyl group
having 1 to"10 carbon atons represented by R15 include

(o PRRRE AL Py e Bopre S %%éﬁ?%sﬁ%ﬁ%ﬁ%& g having

ﬂu(t)r%{e at&ﬂtaﬁ@ ?%{5‘ f16 %Qr%l)n g{oﬂ-}épm- Qvoﬂgg% ﬁlgcg)w Q{% r%&e?eﬂp 4 divalent

neopent-anesul f onyl

Orggxpﬁgg&@%%lﬁ‘;s IRfine g ;iﬁ‘&d PicPfi} BR6oH A0 he‘i’élfl‘ﬂlﬁ’e dlvalent

group, n-nonanéesul f ony

orggmg & ﬁg;é)gsuggtgh@,t] cycl opent anesul f onyl group,
cyclohexanesul fonyl group and the |ike. Anobng these_

[ood4kanesul fonyl groups, methanesul fonyl group,
et’hanesul fonyl group, n-propanesul fonyl group,

'N- DI 88 @&ntird] F0pthul (DYExani € TR fi2das Ut brandted alGH @roup

cycl ohexanesul fonyl group " and the |like are

haviie! 5 Hbetbor] 4108 fepresehted by R iR aiicERghﬁ&lh&e Reth9l @roup,
ethgrlogzgl?g, n-propyl group, 1-propyl group, n-butyl group, 2-methylpropyl group,

~methy1propyl group, -butyl group, n-pentyl group, neopentyl group, n-hexyl group,
.n-heptyl group, n-octyl group, 2 ethylhexyl group, n—nonyl group, n-decyl group and the
like. Among these alkyl groups, methyl group, ethyl group, n-butyl group, t-butyl
group and the like are preferable. | |
[0095]

Examples of the linear or branched alkoxyl group having 1 to 10 carbon atoms
represented by R' and R"* include methoxy group, ethoxy group, N-propoxy group,
i-propoxy group, n-butoxy group, 2-methylpropoxy group, 1-methylpropoxy group,
~ t-butoxy group, n-pentyloxy group, neopentyloxy group, n-hexyloxy group, n-heptyloxy
group, n-octyloxy group, 2-ethylhexyloxy group, n-nonyloxy group, n-decyloxy group
and the like. Among these, methoxy group, ethoxy group, n-propoxy group and

n-butoxy group‘ are preferable.
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In the general formula (7), exanples of the
substituted or unsubstituted phenyl group represented
by R16 i nclude phenyl group and a phenyl group
substituted with a |I|inear, branched or cyclic alkyl
group having 1 to 10 carbon atons including o-tolyl
41 group, mtolyl group, p-tolyl group
2, 3-di et hyl phenyl group, 2, 4-dinethyl phenyl group,
[0026b- di et hyl phenyl group, 2, 6-di net hyl phenyl group,
3, 4-di net hyl phenyl group, 3 5- di et hyl phenyl group,
>, aEsamplenofhy iphiey bragellasepopAEOup benss: o 11 carbon
©4-t-butyl phenyl, group, 4-cyclohexyl phenyl group and
atomermI@seaWﬁéwﬂ dichisds: metheevsarbonyl gropn. ehoszeanbawy! plogpy |
group and al kyl -substituted phenyl group is
D-PEQROXY £ PN, mww-ﬂﬁaoxsaarh%ﬂegrg%@p@t@v@fce@paﬂl §'P%M t he

ro consi §tin r ou r boxyl . grou
-ffg%ﬁgfog?war ORY &Tsulgﬂ o:%aw‘%p@nﬁmyt- oxycatbonyl
al kox rou an alk carb u
R RHO RSO, EgPBuEoDs OW@%FQV%@%P hbP s dpben
as the subst uent he phen
bt iandL st ot sy aﬂf%pifﬁﬂgibﬁa%1°§yca¥b°nyl
: yel | e roup. .having,l to
oy E R RO aflp. B BT RN ) a8 e R T S o2
: r
T T T,
- , ggﬁg roup and a
“t%§% %ﬁgg;@ Xy 5?%?%? an &¥ﬁgé%?€e [0101] Exanpl es of
OGDWF al koxyal kyl group include a linear, branched or
cyclic al koxyal kyl group having 2 to 21 carbon atons
sucth ARlitioRt BeaxyITe dhthe BA&NH brancBbd By PEE Rlan&uEbRy] group
1- nethoxyethyl group, 2- nethoxyethyl group,
having! BOKY €irbotl ato@s eetResendd byR'P iyl hydtharaufsnybgdup he
i ke. Exanples of the al koxycarbonyl group include a
ethhiteseliony] proapcivecbpanesaifohylgrowd, keuyaesdifonyl groupup
having 2 to 21 carbon atons such as net hoxycarbonyl
- tertghusangsulfonyl group, n-pentanesulfonyl group, neopentanesulfonyl group,
et hoxycar bonyl gr oup, n- pr opoxycar bonyl gr oup, |-propoxyca
n-heganeyul fionyLigroup.m-heptaneye fomyd gxpup gr-octpnesulfonyl group,
2- nethylpropoxycarbonylgroup | - met hyl pr opoxycar bonyl
2-cgpthepanesukion gmr poaganegilimy] gopp) oesngubiylareemy |

roup and
cyclopentanesulfonyl group, cyclohexanesulfonyl group and the like. Among these

alkanesulfonyl groups, methanesulfonyl group, ethanesulfonyl group, n-propanesulfonyl
group, n-butanesulfdnyl group, cyclopentansulfonyl group, cyclohexanesulfonyl group
and the like are preferable.
[0098]

Further, r is preferably 0 to 2.
[0099]

In the general formula (7), examples of the substituted 6r unsubstituted phenyl
group represented by R'® include phenyl group and a phenyl group substituted with a

linear, branched or cyclic alkyl group having 1 to 10 carbon atoms including o-tolyl
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cycl ohexyl oxycar bonyl group; and the like. [0102]
Addi tional ly, exanples of the al koxycarbonyl oxy group
include a linear, 42 branched or cyclic
al koxycar bonyl oxy group having 2 to 21 carbon atons
such as net hoxycarbonyl oxy group, ethoxycarbonyl oxy
group, n-propoxycarbonyl oxy group, :
i - propoxycar bonyl oxy group, n-butoxycarbonyl oxy group,
group.buitelyl granbantdlhgyoup, 8 fpdimetyd phepengryium 2y dmistingtphenyl
group and a cycl ohexyl oxycar bonyl group; and the |ike.
grogsz cthylphenyl grosiy2.6 mgfbﬂphamyl gEe1ph & Aslimethyinheny group,
in the general fornu 7) include phenyl
3 Sgiﬂﬁefaylplne@gl@%%%ﬁéﬂ%ﬁhylghwbgmp{4 Bﬁhv&nhsmé Byup,
4- met hoxyphenyl up, 4-t - but phenyl gr oup
4-t %HHTR%QYH R, %ngélff‘ g@ﬂﬁ@n@ ﬁzﬂu |gr@1ma @rsroup in

whigh e S Sﬂié*rgéﬁqévﬁﬁﬂrsu Bt phew exyP ”qi‘vp ith one
or o 5 ouns SHFi o (R gR R Ao PR b ér%f uP=| ! e
cya% %ﬁ)gip w?gﬁ/ﬂngb ﬁgﬁo%ﬂt g%é%t%ﬂgﬁ&ayghgie grggp, an aﬁ(%gyca?yonyl
gngpén %E%*a#xﬁgﬁggﬁqubroup6h566 di net hyl - 1- napht hyl

Kng gu 2, 7-di met hyl -1 - napht hyl group,
di met hyl - I - napht hyl group,

Sr g%gdlﬁ'ﬁte@é(f* thé aﬂkﬁﬁflltéi’%ﬁpn%rtﬁ%‘ ﬁubsam?n{jﬂof'ﬁfe'b‘ﬁknﬂ PP hyI

alkyl-s(rbStitGRE ¥k Wh&m& SYi8&R, branched clic alkoxyl
Hé? 8- di met yI}%-naphthylegroup,Iﬁm%edfﬁggh; -fm%%%ﬁwﬁyl

. havidgOUR 20 EarBorditomt Bidir ds by ptbuss) leiéity group, n-propoxy group,
: 4-et hyl -1 - napht hyl group, 2-naphthyl group,

i-prbpomy frplip, 2r-Buitphy Byolup O1-aiefhyltepaiyptbu '1%%?1@)’@0@? Qxup,
and 4-net hyl - 2-napht hyl group, ~and a substituted

t-butexshgroyp, qyclopentylot geovipi andarcyclhexyddeogronp;and ithecliled. ky|
group having I ~ to 10 carbon atons; a group in which

~ [0188kch of naphthyl group and al kyl -substituted naphthyl
group is substituted with one or nore groups sel ected

f r orxanieyeiche alkexyalkyd irovy in¢luds el Hosay) brancheg or exeliboxy |
N _alkgéy%ijkrgfl gl%%g rl]lgv1%rg %chg 21 T;L}bgg a orn(l)sus?lch g? m%{hlé?{;(gllethyl group,
‘ethoxymethyl group, 1-methoxyethyl group, 2-methoxyethyl group, 1-ethoxyethyl
group and 2-ethoxyethyl group; and the like.

Examples of the alkoxycarbonyl gfoup include a linear, branched or cyclic
alkoxycarbonyl group having 2 to 21 carbon atoms such as methoxycarbonyl group,
ethoxycarbonyl gfoup, n-propoxycarbony!l group, i-propoxycarbonyl group,

n-butoxycarbonyl group, 2-methylpropoxycarbonyl group, 1-methylpropoxycarbonyl
| group, t-butoxycarbonyl group, cyclopentyloxycarbonyl group and
cyclohexyloxycarbonyl group; and the like.
[0102]

Additionally, examples of the alkoxycarbonyloxy group include a linear,
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group, an al koxyal kyl group, an al koxycarbonyl group

and an al koxycar bonyl oxy group; and the |ike. [0104]

‘43 Exanpl es of the al koxyl group, al koxyal kyl group,

al koxycar bonyl group and al koxycar bonyl oxy group

whi ch are substituents include groups exenplified for

t he above-nentioned phenyl group and

al kyl -substi tuted phenyl group. [0105] The napht hyl
bragehedrichielic ategxysarboutlexy gieup bavisg R16 21 watbha a as

formula (7) are preferably 1-naphthyl group,

meﬂlﬂeczacaai’eqnymragm ls{Hoxyeprlanyloxy-graups nHuRperIeRbARYIpXY group,
group 4- n- propoxynapht yl ) group
-p@peayqarrbsw ¥ Ee n;huioxg%lawl@wgm%ttrt&lma@h@wl?xy group,
h
cyciopents P‘Ow%set 203 10 t%yﬁiﬂﬁlﬁxylg?fis(cﬂrhgnshgrsw@&ﬂﬁh?hl;eh
P t
3[3%}4@6@9 b %RVlﬁb‘L’E]tg% refe Ptz Gl ngtens
fortlf 7} ghidk et &hen 3 36} B o Rep . e iabest Brouh,
L R T A e T L

Hn%gﬁnples of the substituent in the above dival ent
group include a group such as hydroxyl group,

6 I

or or BB na Al B il b LBl gcRY ol

Iﬂlﬂﬁ’ I Qﬂﬁy QHRhvil g%g&,rrpl ified
n_a I?fbl@zflg%gscﬁgntl O)E%gauﬁp%gnyl Sgr%%p%]}g

-n@éﬂfylll'-ﬁéﬂh&{yl tgicﬂugdztwh-n@h oap s drfeenyll i1k phthyl oup,
- IR )

Preferabl e exanp es of R16 in tRe general” for mnul

6-ndtylIBAdPhthyd LEIP, 7-Sidiyl-1-GHpRLhY gﬂ&@rﬂ’-ﬁneﬂiﬂﬂﬂlaphthyl group,
4- met hoxyphenyl group, 1-naphthyl group, and

2, 3dlimathg bl -ngphitipl orbepy, 2o diandtiels lamapthend Giowphene cy clic
structure in which two R16s and sul fur atomare
2,5babmdthy]- I araphthilegrbupk €,6-dimethyl-1-naphthyl group,
2,7-dimethyl-1-naphthyl group, 2,8-dimet'hy1; 11. -naphthyl group,
3,4-dimethyl-1-naphthyl group, 3,5-dimethy_l;1;f1aphthyl group,
3,6-dimethyl-1-naphthyl groﬁp, 3,7-dimetlh_y‘l;_1 _—;laphthyl group,
3,8-dimethyl-1-naphthyl group, 4,5-dimethyl-1-naphthy] group,
5,8-dimethyl-1-naphthyl group, 4-ethyl-1-naphthyl group, 2-naphthyl group,
1-methyl-2-naphthyl group, 3-methyl-2-naphthyl group and 4-methyl-2-naphthyl group,
and a substituted naphthyl group with a linear, branched or cyclic alkyl group having 1
tb 10 carboﬁ atoms; a group in which each of naphthyl group and alkyl-substituted
naphthyl group is substituted with one or more groups selected from the group
consisting of hydroxyl group, carboxyl group, cyano group, nitro group, an alkoxyl
group, an alkoxyalkyl group, an alkoxycarbonyl group and an alkoxycarbonyloxy
group; and the like.
[0104]
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[0108] X- in the general formula (7) is an anion
represented by RL7C'Fz"SO3, Rf7SC3, or the above
formulas (8-1) or (8-2). Wien X' is RL7C~F2 S03-,
-C'F2"- group is a 44 perfluoroal kyl group having
carbon atons of the nunber n. This group may be |inear
or branched. And n is preferably 1, 2, 4 or 8. The
hydr ocar bon group having 1 to 12 carbon atons'that nay
be Ewisples of thd abkoxylRidup, silkoxgdleyladybyp, atkoalyéarbonyl gromp and
having 1 to 12 carbon atons, a cycloal kyl group or a
alkpxycathongloxy gedupoviighl ars subssitwents include gpoaps exempdifmdfdetbe
i ncl ude net hyl group, ethyl group, n-propyl group,
abqvepgpespipned pheaiyperonp Bud 9Iﬂ<yé$1&aabt,ute@nhénﬂ;arwm pyl group,
1- et hyl propyl group, t-butyl group, n-pentyl group,
Unﬁébpentyl group, n-hexyl group, cycl ohexyl group,

- Eg‘ﬁé %;&l‘lﬁ'?‘lr&)'g ﬁduﬁ-tg%gﬁyyllgﬁ %lbgt?tﬁﬁér%é &2@%’ eé%a'ﬁ;ﬁ Tormiula (7) are
ot T L erorRel- - pisd s IR Bt dy (- R APty eroup,
-G UIShERTD B! Ty Ea BB BURR A T refhigsbmiphes)
B PP SRR N 3 QP B na herE Fo Ra8Y 1
2 A T oy GRUECERL 2, 0% S hon Stone, i

unb@'s case, the divalent organic group may have a
substituent. In the case where R18 in the general

f or pr@ak18edtamMe of BreZlivdlSnt Fréup1RRngl toblARFIRG oA fo¥thed by

group having 1 to 10 carbon atons, exanpl e thereof

two RE% W@%@ﬁp EhpaBleQsTEbMYihg 8754 memBerid t4SERGNWIMN the sulfur
e

group, pt af ul uor opr opyl group, nonafl uor obutyl

atofll BUle gaheet Carblulo(TypRRtidtlarlyl O BemiiRf fihg (ied Gflaky drothisthene
and the like. Additionally, in the case where R18 is a -
ringh. val ent organic group having 2 to 10 carbon atons,
exanpl e thereof include tetrafl uoroethyl ene group, -
[016@kaf | uor opr opyl ene group, octafl uorobutyl ene group,.
decaf | uoropentyl ene group, undecafl uorohexyl ene group
andAgddigionalke examples of the substituent in the above divalent group include a
group such as hydroxyl group, carboxyl group, cyano group, nitro grbuP, an alkoxyl
group, an alkoxyalkyl group, an alkoxycarbonyl group and an alkoxycarbonyloxy group
that are exemplified for the above-mentioned phenyl group and alkyl-substituted phenyl
group, and the like.

Preferable examples of R'® in the general formula (7) are methyl group, ethyl
group, phenyl group, 4-methoxypheny! group, 1-naphthyl group, and a divalent group
having a tetrahydrothiophene cyclic structure in which two R'®s and sulfur atom are
bonded, and the like.

[0108]
X" in the general formula (7) is an anion represented by RYCoF,,8057, RSOy,

or the above formulas (8-1) or (8-2). When X is R'C,F3,S057, -CoFoq- group is a
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- [0110] Accordingly, preferable exanples of the ani on
X- in the general formula (7) include
trifluoromethanesul fonate ani on,
per fl uor o- n- but anesul f onat e ani on, 45
per fl uor o- n-oct anesul f onat e ani on,
2-bicyclo[2.2. 1] hept-2-yl-1,1,2,2-tetrafl uoroet hanesu
fonate anion,

perfudyioglkyl gjorp havihg eprbor atpmsof thatimbesnoe Thisrazeup heyhe bnear
ani on _and ani ons represented by the foll ow ng

or prandheflas Apd niy preferpldy 1) 2, 4prder3 O SC2F5 O SCaFr
OSCaF9 O i0 0 0 O- ~0 ~O 110 /10 O S' CF2 S-CF
S- CEpe hYdrﬁcaﬂNm gr@mha‘@ml to & serbem pfoms that n@xzbemubftguted as
% 0~ % O O S Cb CFZ CF
R'G3 psTgbly f)znngd t9)l2 (cgr%y 3(%1184510(@%@31}@1(@0@ ora

bnéggpaﬁéggfﬁqyél%fﬁe“ Mherai Tormin (7 ool aae o
H: greeecg St n' ¢l 9{1“ fﬁl@;ﬁéﬁ%ﬁﬁ R group, i-propyl
TR %%%%ﬂ&ﬁwguﬁ?etmﬁwl S——
npght] e MO on B! mup oot tsp. nheptyl grou,
nokfy} %*"“Bd?%?ﬂﬁﬁﬁ%hgﬁ?%‘x@ghgn 9py-dscyl grop, nqrbomyl eroup,

- rthlirh'&ﬁ b Séhli 08 , adamantyl d the lik
e 2 n- b%{?;xlgtﬁglght hyl )tetra%r;/)glr)oat ﬁrlng% e%rlobllr)nan © ke

_ [0109] fl uoronet hanesul fonate, [0112] triphenyl sul fonium
per f | uoro-n-but anesul f onat e,

- tri Ateitiondlty, RFhineRyéauwheri XM the above anion represented by the
per f | uor o- n- but anesul f onat e,

gendrat Yarmoie@y 1 drd Ry -iddiptdnally sal frepresents a hnear or branched alkyl
- perfluoro-n-butanesul fonat e,

grodp hetihg flesuhd atoyl qud drig IOdJa.]:Hmam;dms,l lof o RHs in combination may |

per fl uoro- n- but anesul f onat e,
Kmmﬁﬂﬁ&ﬁmﬂwﬁm@ﬁmagﬂwwhmmmpﬂmmM@w@mmuﬂﬂdoéOhwbphememn
this case, the dlvalent organic group may have a substituent.

In the case where R'®in the general formula (8-1) or (8-2) is a linear or branched
alkyl groui) having 1 to 10 carbon atoms, example thereof include trifluoromethyl group,
. pentafluoroethyl group, heptafuluoropropyl group, nonaﬂuoro’butyl group,
dodecafluoropentyl group, perfluorooctyl group and the like.

Additionally, in the case where R'® is a divalent organic group having 2 to 10
carbon atoms, example thereof include tetrafluoroethylene group, hexafluoropropylene
group, octafluorobutylene group, decafluoropentylene group, undecafluorohexylene
group and the like.

[0110]

Accordingly, preferable examples of the anion X in the general formula (7)

include trifluoromethanesulfonate anion, perfluoro-n-butanesulfonate anion,
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per f| uor o- n- but anesul f onat e,
1- (4- n- but oxynapht hyl ) t et rahydr ot hi opheni um
per fl uoro- n- but anesul fonate, [0113] triphenyl sul foni um
per fl uoro- n-oct anesul f onat e,
tri-tert-butyl phenyl sul foni um
per fl uoro-n-oct anesul f onat e, 4- cycl ohexyl phenyl - di pheny
| sul fonium 46 perfluoro-n-octanesul fonate,
perfluomtiractesesuifomi¢ mhemy| - di phenyl sul f oni um
per fl uoro-n-octanesul fonate, 1-(3,5-dinethyl
-bar—yhyxﬂI 3xyhspedili 2, Qaﬁyﬁl’@tcmthﬁphwomhe anion,
per fl uoro-n-oct anesul f onat e,
-blcyeha{mﬂﬂhwfﬁﬁhlt difluprasthanespdfonath aaighand anions represented by
per fl uor o-n-octanesul f onat e, [0114] tri phenyl sul f oni um
ﬂlefoléwgé“?@ﬁ@asz@ﬂ])ﬁ%ﬁ ' -yl)-1,1, 2, 2-

- tetrafl uoroet hanesul f onat e,

t t-b henylesgl f
ar' Fl g;@ téf\d p eny@l‘-’é oni gﬁ‘i %, @ﬁ?etra@%’mﬁgﬁt h&hg L CF,—CF,
|

umona - ‘“04 cychd exyl p Nyo- di P yﬂfE;uI fl\?
£Bi cyclgl.D 2. 1] - I\ 20,1,2
o?&t rafl et han f onat =3 CF; ,.S\\ CF,—CF;

4- FFEBhaneSlﬁfanyl ph&alr di pheﬁy’f%ul? orﬁ)um g (@l cycl Nalke
2. 1
{f,' Doy el(ggsl uor oé%l’?anesul $hhie, ©-9 (3-6) (9-7)

1- (3, 5-di net hyl - 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um
[01%1 bi cyclo[ 2. 2. 1] hept-2' -yl ) -
, 2, 2-tetraf | uoroet hanesul f onat e,

2 ( 51 %;%’%ﬂﬁ%ﬂ@@ﬁ)%ﬁ%ﬁ%ﬁﬁl&%@k@f&%@@by tHe general formula

@) hllﬁﬁlﬁﬁetﬁ?héﬂ yisubforing #iffuslondthdhesfthbanesttdiRAbRenylsulfonium
[0115] triphenyl sul fonium

mmmfdahah@ie@m?onatelhfe?@lbh&yipﬂeh LLdiphetiyldutfoniagt hanesul f ona
y

te, tri-tert-but phenylsul oni um

trifBrotdmethaieshl fordte] Hrepharsul fdnyiphedylciphenglsadfodiamesul f ona
te, 4-cycl ohexyl phenyl di phenyl sul foni um :
mfﬁlo(‘dmﬁhmiestﬁlﬂmﬁtel]lﬁéﬁtdlﬁleﬂiyl-)l hlrdﬂ;)xyphenyl)tetrahydrot}uophemum
di f1 uor oet hanesul f onat e, -
trifionasnéthanssulfanatey ﬁh@r@uterqmppﬁhyﬂ)tsuah}dmthmpﬁerﬁmnc yclo
f{}l% 2.-1 ]hept-2'-yl)= 1, 1 -difl uoroethanesul fonat e,
trifluop@nahariesdfangte, 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um
2 (bicyclo[2.2.1 ]hept-2'-yl)-
211- di f 1 uor oet hanesul f onat e,

1 4-n- byt apht hyl ) t et r ahydr ot hi opheni
(trlphe:nylfsnﬁf‘é))rlunu:tlgJ perrill%ogo- tbutan%/sulfonate thl tert—butylphenylsulfomum

perfluoro-n-butanesulfonate, 4-cyclohexylphenyl-diphenylsulfonium
perfluoro-n-butanesulfonate, 4-methanesulfonylphenyl-diphenylsulfonium
perfluoro-n-butanesulfonate, 1-(3,5-dimethyl-4-hydroxyphenyljtetrahydrothiophenium
perfluoro-n-butanesulfonate, 1-(4-n-butoxynaphthyl)tetrahydrothiophenium
perfluoro-n-butanesulfonate, |
[0113]

triphenylsulfoﬁium perfluoro-n-octanesulfonate, tri-tert-butylphenylsulfonium

perfluoro-n-octanesulfonate, 4-cyclohexylphenyl-diphenylsulfonium
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2(b| c-y.cl .o[ 2.2.1] hept-2' -yl )-.:1, 1 di fl uor o.et. hanesulf ona |
te, conpounds represented by the following fornulas B
1 to B 15, and the Iike. [0116] 47 F3C F3CCF C CFz z
" FzCl1 \ SOS* oNSCFz CFz O F3C O-SCF2 F2C CF2 BY
B2 FSCF3C / po /,CSAC S-CFz NC CF2 S" NCFz 'S%
SCz S CCF2 /| OC1l F3C Nz~ B3 B4 F3C CFz F2C\
O-t C CF2 SCF2 S~ 1 /| N, CFz
perfluoro-n-octanesulfonate, 4-methanesulfonylphenyl-diphenylsulfonium
perfluoro-n-octanesulfonate, 1-(3,5-dimethyl 4-hydroxyphenyl)tetrahydrothiophenium
perfluoro-n-octanesulfonate, 1-(4—n-butoxynaphthyl)tetrahydrethiophenium
perfluoro-n-octanesulfonate,
[0114] _
triphenylsulfonium 2-(bicyclof2.2.1Thept-2"-y1)-1,1,2,2-
tetrafluoroethanesulfonate, tri-tert-butylphenylsulfonium
2-(bicyclo[2.2.1]hept-2’-y1)-1,1,2,2-tetrafluoroethanesulfonate,
: 4-cyclohexylphenyl-dip_henylsﬁlfonium 2-(bicyclo[2.2.1Thept-2"-y1)-1,1,2,2-
tetraﬂuoroethanesulfonafe,.4-methanesulfonyIphenyldiphenyisulfonium
2-(bicyclo[2.2. 1Thept-2’ -yl)-_l ,1 ,2,2-tetraﬂuoroethanesulfonate, _
1-(3,5-dimethyl-4-hydroxyphenyl)tetrahydrothiophenium 2-(bicyelo[2.2.1Thept-2 : -jrl)-
1,1,2,2-tetrafluoroethanesulfonate, 1-(4-n-butexynaphthyl)tetrahydroﬂﬁophenium :
2-(bicyclo[2.2.1Thept-2’-y1)-1,1,2,2-tetrafluoroethanesulfonate, |
[0115] |
tﬁphenylsulfonium 2-(bicyclo[2.2.1]hept-2-y1)-1 ,1-diﬂuordethanesulfonate", :
tri-tert-butylphenylsulfonium 2-(bicyclo[2.2.1]hept-2"-y1)-1,1-difluoroethanesulfonate,
4-cyclohéxylphenyldiphenylsulfonium 2-(bicyclo[2.2.1]Thept-2*-y1)-1,1- )
difluoroethanesulfonate, 4-méthanesulfonylphenyl—diphenylsulfonium
2-(bicyclo[2.2.1]hept-2’-yl)-1,1-difluorocthanesulfonate,
1-(3,5-dimethyl-4-hydroxyphenyl)tetrahydrothiophenium 2-(bicyclo[2.2.1Thept-2’-yl)-
1,1-difluoroethanesulfonate, 1-(4-n-butoxynaphthyl)tetrahydrothiophenium
2-(bicyclo[2.2.1Thept-2’-y1}-1,1-difluoroethanesulfonate, compounds represented by the
following formulas B1 to B15, and the like.

[0116]
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F3C F3CCF F2 | [/
CFz ' N7/--o /I /| OSCFz "o F3C CSCF z FZC CFz
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OCFZ 0 F3C B9 B10 p FBCCFZ O p F2C\ S-CFz O

CFz |

/| NCFz S NS O+ QA CFz

+'0<S v OSCrFz V FZC

CFZ F3C Bl11 B12 49 OHF3C OHF3C CF CFZ OH O \ 0S z

FZCOSCFz Np O CFz NCFz 'S~ ,SCFz 0 O-SCFz O
NNOf S++ OO ~f F3C 'v) OSCF Vz FzZC CFz F3C
B13 B14 B15 1In the present invention, the acid
generator 1 may be used singly or in
FiC F3C,
\CF /CFZ
OQ.S/ 2 cm
=y Ly
s N o st Os P2
O % V%
}CFz \340
FiC ek
. ;2
F2C
FF
F,C
B7 B8
A NN qu
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OO N o
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st O CF,
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S e st
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CF,
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B11 812
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conbi nation of two or nore thereof. [0116]

Addi tional ly, exanples of the acid generator which can
be used as the radiation-sensitive acid generator (O
ot her than the acid generator 1 (hereinafter referred
to as "other acid generator"”) include an onium salt
conpound, a hal ogen-containi ng conpound, a
dlazoketone conmpound, a sul fone c npound, a sulfonic

acid co IEBum'J‘a(zEmd the 1ike. OEIxa \§s of the opper agid
gener at oRya Reen bel ay. i 2C)mumsall Osgdl or

S 2
conpau Ex s of the m § conpo C fudeCF

an i odoRum sHlpo, a sul f onfu s‘a#:g ? a phosphop uny_cf,

salt, a & azofihym salt, a p_£|d|m4ﬁh1salt and th@’“
li ke. Sé§§|f¢qfeianples OfK;EE Qnr salt coppqund

i ncl ude phehy! i odoni um I‘aor‘ t hanesul f gnat e,
di phenyl i odoni um nonaf | uor o- n- blsr;cénesul fonat e,

di phenyl i odoni um per f | uor o- n- octanﬂ§ulfonate

di phenyl i odoni um Xed
2-bicyclo[2.2. 1] hept-2-yl-1,1, 2, 2-tetrafl uor oet hanesul
fonate, DbF'$(4-t-butyl phenyl)Bédoni um B1S

trifl uoronet hanesul f onat e,

bi sfrfknt 8@1‘5&1*'1 AY%h )thf%fm gé’f{@rator 1 may be used singly or in

nonaf | udr o- n- but anésu

corRbifiétfod oftb Yok BiROMeddopdoni um per f | uor o-

n- oct anesul fonate, bis(4-t- butylphenyl)lodonlum

[0126pi cycl o[ 2. 2. 1] hept 50
2-yl-1,1,2,2-tetrafl uoroet hanesul f onat e,

cychatiesydlR; exatpled cthbxydidetirhtstivhiRRickibe used as the

trifluoronet hanesul fonate,

raddhitiop-skmditéveydc R} genermyaal(Qh ethigt hiah tigedcithgenerator 1 (heremaﬂef
trifluoronethanesul f onat e,
ref@redxto @y tdthéreacid ghinemtdry) imotlufle an ondum salt compound, a
~trifluoronmethanesul fonate and the Iike. [0118]
halegancepatrining cetiipouny, & dispolatehe dxgophds: sutfondheompound, a
hal ogen- contalnlnayconpound i ncl ude a hal oal kyl

sulignisiasidenmpauni aad Hgdikec aElsemples abbanther aclmemuoy hre given

gr oup- contalnlng het erocyclic
below.

[0117]
Onium salt compound:
Examples of the onium salt compound include an iodonium salt, a sulfonium salt,

a phosphonium salt, a diazonium salt, a pyridinium salt and the like.

| Specific examples of the onium salt compound include diphenyliodonium
trifluoromethanesulfonate, diphenyliodonium nonaﬂﬁoro-n-butanesulfonate,
diphenyliodonium perfluoro-n-octanesulfonate, diphenyliodonium
2-bicyclo[2.2.1]hept-2-yl-1,1,2,2-tetrafluoroethanesulfonate,
bis(4-t-butylphenyl)iodonium trifluoromethanesulfonate, bis(4-t-butylphenyl)icdonium
nonafluoro-n-butanesulfonate, bis(4-t-butylphenyl)iodonium perfluoro-

n-octanesulfonate, bis(4-t-butylphenyl)iodonium 2-bicyclof2.2.1]hept-
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conpound and the I|ke SpeC|f|c exanples of the

hal ogen- cont ai ni ng conpound i ncl ude,

(trichloromethyl)-s-triazine derivatives such as

phenyl bi s(trichl oromet hyl)-s-triazi ne,

4- et hoxyphenyl bi s(trichl oronethyl)-s-triazine and

1- napht hyl bi s(trichl oronethyl)-s-triazine;

1, 1- bi s(4-chl orophenyl )-2,2,2-trichl oroethane and the
2-yl41Kle2,2 fi&tafBiorochhanzoitenae ccycioherylrdoxdeyealohta$ methy dudéfonium

di azoket one conpound include a 1, 3-di keto-2-di azo
trifbwmgproethahesulfordica dotyclohexyliZrooeydompylsndoniam

di azonapht hoqui none conmpound and the |ike. Specific
triffyoserpethancgnlfenaée, draxpexaelsmsldiwatbplidonival ude

1, 2-na htho ui nonedi azi do-4-sul fonyl chlori de,
trifjuogory affonddhedikeio- 5- sul fonyl  chl ori de,

i ﬁ naphthqu|nonedlazido-4-sulfonate or
[018 naphthoquinonediazido- 5-sul fonate of

-tetrahyd b h ,
aﬁaggn-ﬁ ; ra"?%’ﬁ@r gi(gziegé?pfgglnfonat e or
di d. | t f 1.1,
i ?ﬁ%‘ﬂqﬁy BalSeen Fending Sipobntiis a]hﬂfoaﬁ%]
P M

ni%gund of these conpounds and the |ike.
cm@5e0|f|c exanples of the sul fone conmpound incl ude

bi SFB@FW onyltg? ﬁ‘alﬂ%ne a%ﬁg @&?ﬁ{d@%bg@g@]

(trichbE MLy 1 RE G A REN G es BH AR Iﬁén?lfbmttt‘i@hl%i‘ﬂnfléiﬁlﬁ]s gﬁaz%e

conpoun |nclude an aIkyI sul fona

1ﬁéih$>@!ﬁﬁ&rﬁys1b1§(ftﬂ"ﬁh%hi@ﬂi )Sél{ﬂagﬁﬁtaﬁd an aryl SU| fonate,

an i mno sul fonate an the 1lik _
1-naphthylbis(trichloromethyl)-s-triazine; I,I-bls(4_-chlorophenyl) -2,2,2-trichloroethane

- and the like.

[0119]

- Diazoketone compound:

Examples of the diazoketone compound include a 1,3-diketo-2-diazo compound,

‘a diazobenzoquinone compound, a diazonaphthoquinone compound and the like. |
Specific examples of the diazoketone compound include

1,2-naphthoquinonediazido-4-sulfonyl chloride, 1,2-naphthoquinonediazido-5-sulfonyl

chloride, 1,2-naphthoquinonediazido-4-sulfonate or 1,2-naphthoquinonediazido-

S-sulfonate of 2,3,4,4’-tetrahydroxybenzophenone, 1,2-naphthoquinonediazido-

4-sulfonate or 1,Z-naphthoquinonediazido-5-su1fonate of 1,1,1-

tris(4-hydroxyphenyl)ethane and the like.

[0120]

Sulfone compound:

Examples of the sulfone compound include a B-ketosulfone, a B-sulfonylsulfone,
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benzoin tosylate, tris(trifluoromnethanesulfonate) of
pyrogal | ol , nitrobenzyl -9, 10-di et hoxyant hr acene-
2-sul fonate,
trifluoronethanesul fonyl bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-d
i car bodi i m de,
nonaf | uor o- n- but anesul f onyl bi cycl o[ 2. 2. 1
an §deazo cempmendof3heliccampoutidsmind ghe like.
perfl uoro-n-octanesul fonyl bi cycl o[ 2. 2. 1] hept - 5-ene- 2, 3
- di Spacifsexamipdes, of the sulfone compound include 4-trisphenacylsulfone,
2-bicyclo[2.2.1] he t'2'Y|'1 1,2, 2-tetraf| uoroet hanesu
meﬁlm@h%a@glwh@pz.bzs(mg%ﬁl fonyd jraetharg: andithaklsadi | mi de,
N-(trifluoromethanesul fonyl oxy) succi ni m de,
H”Rﬂfnonafluoro- n- but anesul f onyl oxy) succi ni m de,.

el i i -
S G SIS e PRI SRR |
alk%l&rﬁg@%ﬁg{)%?% W@éﬁ%@ glﬁ?o%‘:qge? gl? gllyij szhpongt%, an imino sulfonate and the

Hh;,S-naphthalenedicarboxylic acid i mde
per fl uoro-n-octanesul fonate and the |ike. [0122] Anong

e e\ lane RN BROESmp R INAL GO0 UBRylate,

tri anesul fonate, enyli I'u

tris&ﬂﬁfﬁ{n‘oﬁi&ﬂ%h@ﬂ@fdh&%ﬁ yfrég%%gﬂ)f;‘ niﬁﬂbe@w,im@ke&bﬂ thracene-

perfluoro- n-octanesult te, dip yl'i odoni u

- 2-s@iféHa ﬁkﬂ’&o@érﬁeﬂﬂaﬁh@.ﬁlfor%’lbﬁhyd@ 2221 ]?16pt—_5-ene-2,_3 ~-dicarbodiimide,

tetrafl uoroethanesul fonate, =
norﬁﬂ&él%ﬁ-bﬁtﬁhésluﬁbﬁﬂbic?ﬂ@mili}Ih@i)t-S-ene-Z,3-dicarbodiimide;
trifluoronethanesul f onat e, '
perflustodn-bethmdsyifphdbivyoloadorThesn 5-ene-2,3-dicarbodiimide,
nonaf | uor o- n- but anesul f onat e, - ,
2-biniyslof2.2 1 thepir2 yha riy2, }iterchdhuoroethanesul fonylbicyclo[2.2.1hept-5-ene-2,3-
per fl uoro-n-octanesul fonate, 52 '
dicipbedifmide pNt i filreombthimdulfongdexy)succinimide, N-(nonafluoro-
2-bicyclo[2.2. 1] hept-2-yl-1,1,2,2- '
n-butanesyf fonyd pseskesirdnidet Nné;r:él,uoro%n-octanesulfonyloxy)succinimide,
cycl ohexgl 2- oxocycl ohexyl net hyl sul foni um

N-Erhigyclpd 2 dridhapinded . .8 de@afluoroethanesulfonyloxy)succinimide,
| ohexyl 2- oxocycl ohexyl:sul foni um

L3 e MR b DS G e Haoromemantsulfonate,

2- oxocycl phexyl di met hyl sul f opi um :
e PGPk g RS uanetonae,
1,8%1{@'3]5%%18*2%?%}2&'} 1% lél:ifdcl)rrrll ebpleC 1?(!1'8— gdc i %:les&tafesén Qﬁé ’e:.)’_ d
af | uor.o- n- but anesul f onyl bi cycl o[ 2. 2. 1] hept - 5- ene- 2,
[0132f}
*3-di car bodi i m de,

Among these other acid generators, diphenyliodonium trifluoromethanesuifonate,
diphenyliodonium nonafluoro-n-butanesuifonate, diphenyliodonium perfluoro-
n-octanesulfonate, diphenyliodonium 2-bicyclo[2.2.1 ]hept-2-yl-'l ,1,2,2-
tetrafluoroethanesulfonate, bis(4-t-buty1phényl)iodonium trifluoromethanesulfonate,
bis(4-t-butylphenybiodonium nonafluoro-n-butanesulfonate,

bis(4-t-butylphenyl)iodonium perfluoro-n-octanesulfonate,
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per fl uoro-n-octanesul f onyl bi cycl o[ 2. 2. 1] hept - 5-ene-2, 3
-di car bodi i m de,
2-bicyclo[2.2. 1] hept-2-y1-1,1, 2, 2-tetrafl uoroet hanesu
fonyl bi cycl o 2. 2. 1] hept - 5- ene- 2, 3 di car bodi i m de,
N-(trifluoromethanesul fonyl oxy) succi ni m de,
N- (nonaf | uor o- n- but anesul f onyl oxy) succi ni m de,
N- ( per fl uor o- n- out anesul f onyl oxy) succi ni m de,
bis4-{-Butpipbgroillofdonium 23tieystio 2.2yl hept-2-yl-1,1,2,2-
1,1,2,2-tetrafl uoroet hanesul f onyl oxy) succi ni m de,
tetrptlgorpetbpayalfensés iczfdpmifEmoml@exygmdéylsulfommn
_trifluoronet hanesul fonate and the |ike are preferable.
trifinoeayaethaneaylfonates diggeleheryb e oxpexcloexpselfoniimgl v or in
..conmbi nation of two or nore thereof. [0124] Tot al
mfﬁ}mﬂﬁtﬁwﬁﬁ@%w@@w&?@mﬂl@etaﬂam&%p aci d
.gener at or i? the present invention is usually 0.1 to
mfg@“ﬁ’é"r Wegiionaicyht . and preferably 0.5 to 10 parts by
i ght based on 100 parts by wei ght of the pol yner
) and the resin (B) in order to ensure a resist

exc nt_i.n.S i thvit evel 0 blitw. l.n.this
cas PR B Rl B2 RS- SREE N sabodipedq
i.qht PR n [ higt . be
ol RN, A0 EORELEPRR P e BMBerT |
. v ;! f a
P b Sy 2 bt s AR PRl
BityEldres! LE] ARG ' i 5-E0€2 3-
R A e i L T bt L A s G
dicBB¥aRhide SNS(tuddSinefibnesuliSnydoe yRiceinfthalel Y 60% or |ess
by wei ght based on the total dnmount of ihe acid _
N-@enghateh-bhtandfidfopldey)sasdiging@ser at or . [ 0125]
<Ni t r ogen- cont ai ni ng conpound (D) > The
N-(peifluogen-ocpnésalfohylox pengiiimide B)-(2-sicgclsforpprnesti2-yihi ch
controls diffusion of an acid generated fromthe acid
1,1@chetmafloorotthameselfpndonydsicainithidler &8imphthalenedicmboxylic acid
hi nders undesired chem cal reactions in the unexposed
imide gluonfreethaesulfiorate atidftheikoare prefatablel | er i s added,

storage stability of the resulting radiation-sensitive
r esThese other acid generators may be used singly or in combination of two or

[01

more thereof. .
[0124] |

Total amount of the acid generator 1 and other acid generator in the present
invention is usually 0.1 to 20 parts by weight, and preferably 0.5 to 10 parts by weight
based on 100 parts by weight of the polymer (A) and the resin (B) in order to ensﬁre a
resist excellent in sensitivity and developability. In this case if this total amount is less
than 0.1 part by weight, sensitivity aﬂd developability tend to be impaired. On the
other hand, if the total amount is more than 20 parts by weight, transparency of a
radiation tends to be decreased, which makes it difficult to obtain a rectangular resist
pattern. |

The proportion of the other acid generator to be added is 80% or less by weight,
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conposition is inproved. In addition, resolution in a
resist may be further inproved and changing of a
resist pattern line width due to fluctuation of
post - exposure delay (PED) from exposure to
post - exposure heat treatnent can be suppressed,
whereby a conposition with remarkably superi or
rocess stability can be obtai ned. [0126] Exanpl es of
and preferably 6@férer desa bativreighy bassdpautheltotabamionot efdhe acid generator 1
tertiary amne conpound, other am ne conpounds, an
andggthereactt gauprat@nt ai ni ng conpound, a urea conpound, a
ni.t rogen-contai ni ng heterocyclic conpound and the
[012Pke. Preferabl e exanples of the tertiary ami ne

conmpound j ncl ude a no(cycl o) al kyl am ne such as
<NW9$€%)‘FP%W“H§% Cqmwﬁf@ &hi ne, n-octyl ani ne,

TR i s
of i R e i Bergaon Srmfabosive B ylon fhand
hm?é(rg kjﬂﬁlees %1 gﬁﬁ(m"f\%ﬂn%cg%gﬁ %ﬂ;ﬂggﬁ%}ﬁ:\% (ﬂ%ﬁ% m%?ﬁe the Acid diffusion

r{tlro!llelﬂls %.g%%ﬁy F gﬁ%tabzlft* OPth% éﬁ:ltﬁ‘lrg fadiation-sensitive resin

corﬁédsnﬂml'i? y?ﬁ]o@éﬁ Nen aﬁ{iﬂtloﬂ dyg ?ﬂuﬂﬁh%eremst may be further improved

nonyl am ne, tri -

an&éiﬁhé’iﬁ iSYh?ést%bQﬁ(érﬁ‘mné‘%dth'&ﬁé By hedeeHion n?zsw &Bbﬁﬁe a8y

ticycl ohexy am ne; a substituted al kylantne s

(PED)Arond exphistifedb PoSit ipBQilre hédt itdchMGont DB dhyphRBiel! WRereby a

N, N- di met hyl ani | i ne; 2-nethyl aniline,

cordpdtiidayitiiemafitabl¥sipetibyproddsk s@bilitycdhl B hdlhdd. ne,
i phenyl am ne, triphenylam ne, 54 naphthyl am ne,

[0126, 6-tri-tert-butyl-Nnmethylaniline,
N- phenyl di et hanol am ne, 2, 6-diisopropylaniline and

t heEkariggles ${0he Hitrogerbentaininy @xepophé (Dpihclubiea tertiary amine
above-nenti oned ot her am ne conpound i ncl ude

conggpdvpnt cotbeti aamine eomphXdh anNmitle proapevhipinndgdnpredd ke,
tetranet hyl enedi ani ne, hexanet hyl enedi am ne,
comgpoynd g mﬁpg@dcmm@myehc aompougid ﬂmlu@h enyl

ether, .. 4,4 -di am nobenzophenone,
4, APrefprahle g peeehthe ]Eﬁﬂ'l@‘y amine compound 1nclude a

phenyl ane

mogo(ggcq%f 4&?@@23@ K3 b B%Welﬁﬁntyjlﬁpaﬁawecwlamme

n-nonylamine, n-decylamine and cyclohexylamine; a di{cyclo)jalkylamine such as
di-n-butylamine, di-n-pt;ntylamine, di-n-hexylamine, di-n-heptylamine, di-n-octylamine,
di-n-nonylamine, di-n-decylamine, cy,clohexylmethylamiﬁe, and dicyclohexylamine; a
tri(cyclo)alkylamine such as triethylamine, tri-n-propylamine, tri-n-butylamine,
tri-n-pentylamine, tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine,
tri-n-nonylamine, tri-n-decylamine, cyclohexyldimethylamine, |
methyldicyclohexylamine and tricyclohexylamine; a substituted alkylamine such as

2,27 27 -nitrotriethanol; aniline, N-methylaniline, N,N-dimethylaniline, 2-methylaniline,

3-methylaniline, 4-methylaniline, 4-nitroaniline, diphenylamine, triphenylamine,
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2- (4-am nophenyl ) - 2- (3- hydr oxyphenyl ) pr opane,

2- (4- am nophenyl ) - 2- (4- hydr oxyphenyl ) pr opane,

1, 4-bis[ 1-(4-am nophenyl)-1-nethylethyl]benzene,

1, 3-bi s[ 1- (4- am nophenyl ) - 1- net hyl et hyl ] benzene,

bi s(2-di met hyl am noet hyl ) et her,

bi s(2-di et hyl am noet hyl ) et her,

1- (2- hydroxyet hyl ) - 2-i m dazol i zi none, 2-qui noxal i nol,
napfhy1ahind! 2,4, 6ttristhaitbORA-IN ehrethyiamilomy Nystchyldatiegdiomine,

N, N, N, N', N'-pent anet hyl di et hyl enetri am ne and the
2,61dilsepropganifhe Pndthedikbl e exanpl es of the preferable

am de group-contai ning conpound include an
[01RF} - but oxycar bonyl group-cont ai ni ng am no conpound

such as N-t-butoxycarbonyl di-n-octylam ne, o

N- t Prsfrrably examplas of the abevggnsntipnpd ether amine compound include

N-t - but oxycar bonyl di-n-decyl am ne, N-t-butoxycarbonyl
cthylepgdiamingdyNh He-tetramethylethylenediamine, tetramethylenediamine,

he%%‘ieﬁg 8 ycarezg.%dﬁil :'gg&gﬁ%&%&%%&-diaminodiphenyl ether,
A Qg RS TRERSHR b PR BIGHPY ISR 1 o i i mo

2.2 ARG PeR) g PGP o BRI e
> Qe R AR B PARADPigRee,

2({{%%&? ﬁ%ﬁ_?{gl@l@ ﬁ%&%}%& ﬁb %ggnr%nt yl ani ne,

A iAo B | st am 12

1,3IN$iJIr]'1'-;\(rﬂiian{in®hEﬂ% -q%&Hﬂlﬂh@ﬂﬁé}{ﬁ%ﬁé}%ﬁs@ﬁﬁﬁﬁéﬁ}lﬁﬁinoemyyeether,

N -tetra-t-butoxycarbonyl hexanmet hyl'enedi am

bisﬁ-ﬁemﬂalﬂin&ﬂliﬂ)%ﬁ&ﬂb@ﬂﬂﬂ'dr&xy& RPGARRASH A e, 2-quinoxalinol,

-di -t-but oxycar bonyl - 1,"8- di am nonooct ane,

N,NINUN dietrdld 10985 plopjéthy lefedldmite nononane,
N, N -di -t -but oxycarbonyl- 1, 1 O-di am nodecane,

N,NUNUN "GN’ tpelatiineetlyd die e Tenkriaminelshddhalikododecane,
N, N -di -t - but oxycar bonyl -4, 4' - di am nodi phenyl net hane,
[0128] - '

Preferable examples of the‘ p’refe_rable amide group-containing compound
include an N-t-butoxycarbonyl gl‘dup-containing amino compound such as
N-t-butoxycarbonyl di-n-octylamine, N-t-butoxycarbonyl di-n-nonylamine,
N-t-butoxycarbonyl di-n-decylamine, N-t-butoxycarbonyl dicyclohexylamine,
N-t-butoxycarbonyl-1-adamantylamine, N-t-butoxycarbonyl-2-adamantylamine,
N-t-butoxycarbonyl-N-methyl-1-adamantylamine, (8)-(-)-1-(t-butoxycarbonyl)-
2-pyrrolidine methanol, (R)-(+)-1-(t-butoxycarbonyl)-2-pyrrolidine methanol,
N-t-butoxycarbonyl-4-hydroxypiperidine, N-t-butoxycarbonylpyrrolidine,
N-t-butoxycarbonylpiperazine, N-t-butoxycarbonylpiperidine,
N,N-di-t-butoxycarbonyl-1-adamantylamine, N,N-di-t-butoxycarbonyl-

N-methyl-1-adamantylamine, N-t-butoxycarbonyl-4,4’-diaminodiphenylmethane,
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N-t -'but oxycar bonyl benzi m dazol e,

N-t - but oxycar bonyl - 2- net hyl benzi m dazol e and

N-t - but oxycar bonyl - 2- phenyl benzi m dazol e; formam de,
N- et hyl f or mam de, N, N-di net hyl f or mam de, acet am de,
N- et hyl acet am de, N, N-di net hyl acet am de,

propi onam de, benzam de, pyrrolidone,

N- net hyl pyrrol i done, N acetyl-I-adamantyl am ne,

}VNrds%@ﬂﬁ%@mﬁwyﬁbhymyﬂhﬁ@mﬁ&mmnate and the like. [0129]

Pref erabl e exanpl es of the urea_ conmpound include urea,
N lﬂ%{ NwtwaehbutoaYCﬂrh@wﬂb@mﬁh:danedlmn@,u net hyl ur ea,
3-tetranet hyl urea, 1, 3-di phenyl urea,
Nl‘t’rih‘i’\b‘ﬁﬁ’f)&?ﬁhﬁ‘%b} ééhaélr‘ié"]@qi’éaﬂer ke. [0130] Preferable

N R B eRTb aMenguch g [ dazol 6 ¢
N R P an st DR BER R da of o, | benzyl - 2- et hyl
R S R K anfy et byl pyr i ne.

N B SR Bl 1 £ BT, o TPy dine
N BB St BRAU, W{ilhg%ﬁb%q{éhg ni cotinic aci d.

ni coti na ui’no roxqu|noI|ne

N- @b&mmﬁhb%mﬁﬁﬁw 08 b%%ygm%oﬁ-%&eﬂﬁﬁkﬁﬂﬂﬂgzefe and

pi perazi nes as pi perazi'ne a

N-tlbitexy RNV E bRy R Pigli 870NE forhidd mﬁmeaémﬁ%ﬁide

pyri dazi ne, qui foxal | ne, purine, pyrroli

N, Nidpasthlifsithaniiid acéttiniReNDAAAY lacdaRidREN] r@dﬁﬁetﬁﬁacetmde
1, 2- propanedi ol, nor pholi ne, " 4- nethyfnnrpho i ne,

propioAmide Bhehindsel, pkblaak, N-rfetaapyblianshol i ne,
3- ( N- nor phol i no) -1, 2- pr opanedi ol ,

N-deety]-diadaiayty infine, azs(D ey drokyéthel) dstebatiyst ahd the. 1.
octane and the like. [0131] The above-nenti oned

[018P1 r ogen- cont ai ni ng conpounds (D) may be used singly
or _in conbination of two or nore thereof. The anount
of Pieeraldé dxampplesisl theurerompbhumt inChide nogemethyhired, ni ng
conpound (D)) .. to be added is usually 15 parts or |ess
I slimeibyyea, 19rdimsthalurga, 101, hartetsarethylueps, hy-digdieghlurea,

tri-n-butylthiourea and the like.

[0130]

Preferable ekamples of fhe other nifrogen-containing heterocyclic compound
include imidazoles such as imidazole, 4-methylimidazole, 4-methyl-2-phenylimidazole,
benzimidazole, 2-phenylbenzimidazole, 1-benzyl-2-methylimidazole and
1-benzyl-2-methyl-1H-imidazole; pyridines such as pyridine, 2-methylpyridine,
4-methylpyridine, 2-ethylpyridine, 4-ethylpyridine, 2-phenylpyridine, 4-phenylpyridine,
2-methyl-4-phenylpyridine, nicotine, nicotinic acid, nicotinamide, quinoline,
4-hydroxyquinoline, 8-oxyquinoline, acridine and 2,2’:6°,2”-terpyridine; piperazines

such as piperazine and 1-(2-hydroxyethyl)piperazine; pyrazine, pyrazole, pyridazine,

quinoxaline, purine, pyrrolidine, piperidine, piperidineethanol, 3-piperidino-
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and nore preferably 5 parts or | ess by weight based on
100 parts by weight of the total of the polyner (A
and the resin (B). If the anount of the acid diffusion
controller to be added exceeds 15 parts by weight,
sensitivity in a resist tends to be |lowered. On the
other hand, if the anobunt is |less than 0.001 part by
wei ght, the pattern shape or dinensional accuracy in a
1,2rprepanediohyndrpholiy éasahylhepshetinad -Grmotpboindisawihg
condi ti ons. %2&32] <Solvent (E)> The ) .
4-aeefpliranrphelinge ir{Ntnomphe ki )rl . Z-orapenediolo h4otimethylpipesazing,
invention is usually prepared in the formof a
LicdimsbicyelobhZ lnctane gAd Big likessol vi ng the conposition in
% solvent so that the total solid content is usually
[0L34] ¢ he range froml%to 50% by wei ght, and preferably

i B B S AR D T
o AR ST PGPSR L LD 20 1o, (9, L w0 @

o B BRODS o R iR (b AR iR AR ing compound (D)
o R TR B A SR P9 B i
enfR I EY SR A100by, HERASARP D yoris by mright of he toal
of 1h PBIHL [R) aritl RE PRYA @9 Mihhofht SFRRORLK Milfmﬁitoﬂ g?ntroller to

acetate such as propyl'ene gl ycol nononet hyl et

 be AdRHRKEseds 5 99&% B eihy, SoksitFRIAR ahdist 8i8 ko BERWRE®. On the

- propyl ene gl ycol nono-n-propyl ether acetate,

othBf Rl Hilke &hyiGRlis BB Wan 600D PXt beRet,aBepaicen shape or
proopyl ene glycol nono-n-butyl ether acetate,
dinsnsioyhleiceurgty B resisn@ay bbdécrtased Bependivg oatiks priocapingene
‘glycol nono-sec-butyl ether acetate and propyl ene
comglitms! nono-t-butyl -ether acetate; an al kyl
. 2-hydroxypropi onate such as net hyl _
[0122hydr oxypr opi onat e, et hyl 2-hydroxypropi onate,
. n-pr EE%;( 2- hydr oxypr opi onate, i-propyl
y

<Solviyt propi onate, n-butyl 2-hydroxypropi onat e,
: E-Eﬁg @%@B%%{e% V?eg'%gggglitpgéiﬁgg gf i:%gt];%eléent invention is usualiy
prepared in the form of a composition soiution by diséolviﬁg the composition in a
_'Solvent so that the total solid content is usually in the rang.e from 1% to 50% by weight,
a_nd preferably 1% to 25% by weight, and ﬁltering the solution with a filter having a
pore diameter of about 0.2 um, for example. |
[0133]
Exa:rhples of the solvent (E) include a lineér or branched ketone such as
2-butanone, 2-pentanone, 3-methyl-2-butanone, 2-hexanone, 4-methyl-2-pentanone,
3-methyl-2-pentanone, 3,3-dimethyl-2-butanone, 2-heptanone and 2-octanone; a cyclic

ketone such as cyclopentanone, 3-methylcyclopentanone, cyclohexanone,

2-methylcyclohexanone, 2,6-dimethylcyclohexanone and isophorone; a propylene
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t-butyl 2-hydroxypropionate; an al kayl

3-al koxypr opi onat e such as net hyl

3- met hoxypr opi onate, ethyl 3-nethoxypropionate, methyl

3- et hoxypropi onate and ethyl 3-ethoxypropionate;

n- propyl al cohol, i-propyl alcohol, n-butyl alcohol,

t-butyl alcohol, cyclohexanol, ethylene glyco

nononet hyl ether, ethylene glycol nonoethyl ether,
glyeelpdreatkyg bthenicetamoch ap popylene glyeol mendpétbyletlyirpeathte,

nono- n- butyl ether, diethylene glycol dinmethyl ether,
progylentigiyeelaneioptivil eticradeiate, propyienc dilysohyiospa-gopylaither acetate,

di - n-propyl ether, diethylene glycol di-n-butyl
propylsae glyseliponmicpigpylher peelatverapylent gyeolinencan-dutyl ether

no et her acetate, eth

: hyl I | hyl I
aceg;t?%%ﬁﬁ%ﬁ%bma&?%% sﬂ*%&:&taa@,lémpy;ﬁggt@}ﬁy? Slteo%g?%bmyl
etheg acatate and puoRSIGIIe SHERD MonartdL EteR acctate: $
ZhEr%JE)E? 2-hpgrl§)yx¥-2- meti1 IlB:g)ﬁ?}fonat.e, éfﬁ@/l Y er.1e,
e SLL S DR A L kA opiphatS, i) grhydroxypropionate,
T B R S R L S

-~ 13- % | i. .
2-h§aB bl DSV ORI RBLERAL Sec-putv] 2 hydrgpropionate and

_ ate. . n- ot at 6. Bt

""‘%X‘é’%'o WordifiGhOhdte: i ?Ea&’?@?‘?@@mﬁ%ﬁ% asmethyl o
3-nfDRypROYIdAIRE Eunn IS RS pRYIdANe RR51 3 cthoxypropionate aad ethyl
3-e&fo§¥ﬂ)ro?fﬁ§/1iﬁb;e _rtl-gigp@l hendi, 'Fﬂrhﬁﬁ’alldjyih@%, Byﬁlﬁﬁ%l&lhlbﬂ} Qbﬁtg} alcohol,

nonone di et hyl'ene gl ycol norioet hyl et
cyclotekfidt, clifléhe 19601 Ydonemthiviletherl e@G1eAd 8lycolmbRRAnA kther,
benzyl al cohol, benzyl acetate, ethyl benzoate,
ethgliesd blytolaneoati-gropytieed) yﬂhP(IEﬁb gB/cel myndHibtyd letet, dihylene
et hyl ene carbonate, propylene carbonate and the I|ike.
glyed difidth§] etherpdigthlyleas glycal dicthgbsthers diethgtenb gt cbdianaropsl
cyclic ketone, -a propyl ene glycol nonoal kyl ether
ethere dietitytene ailycal diyd-b@iyhsttenzihpleop ghynalt monanethylleghier acetate,
- 3-al koxypropi onate, ,y-butyrolactone and the |like are
ethyferd glyedlineonoptivt ethsvdoptate, sthylene ghpobmonsacbrepyl gther acetate,
in conbination of two .or nore thereof. [0136] '
- propylges glygelgsonomethyl gthen trenylenesrgdyaol enpesbylethesnperyleneon

of the present_invention optionally )
glycol mono-n-propyl ether, toluene, xylene, ethyl 2-hydroxy-2-methylpropionate, ethyl

ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutyrate,
3-methoxybutylacetate, 3-methyl-3-methoxybutylacetate,
3-methyl-3-methoxybutylpropionate, 3-methyl-3-methoxybutylbutyrate, ethyl acetate,
n-propyl acetate, n-butyl acetate, methyl acetoacetate, ethyl acetoacetate, methyl

- pyruvate, ethyl pyruvate, N-methyl pyrrolidone, N,N-dimethylformamide,
N,N-dimethylacetamide, benzyl ethyl ether, di-n-hexyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ethér, caproic acid, caprylic acid,
1-octanol, 1-nonanol, benzyl alcohol, benzyl acetate, ethyl benzoate, diethyl oxalate,

diethyl maleate, y-butyrolactone, ethylene carbonate, propylene carbonate and the like.
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conprises various additives such as an aliphatic
additive, a surfactant and a sensitizer. [0137] The
alicyclic additive is a conmponent which further
i nproves dry etching tolerance, pattern shape,
adhesion to substrate, and the |ike. Exanples of the
alicyclic additive include an adamant ane derivative
such as 1-adamant anecar boxylic acid, 2-adanantanone,
[0185but yl 1 -adanantanecarboxylate

t- butoxycarb | meth - adamant anecar boxyl at e,
a- bamoang|thes eag oxy anﬁwﬂém@@armyb ketone.dipropyiensglycol
1, 3- adamant anedl car boxgl ate, t-buty
| moﬁo%lbﬁlrﬁéhﬁraﬁ@%e&naﬁnéﬂ 2r m@@m@a@mwﬁﬂ%%alkommpmnate
1- adanant ang at e, but
‘bfti@o et 9 % %ér@tpa% @r
deo; !%Sﬁrné}:) réts gf? l S boﬂ%]ll Xy rc])?%(v%]gr more thereof.

(Hé ﬁutoxycarbonylnethyl deoxycholate, 2- ethoxyethyl
[ 8 xychol ate, 2-cycl ohexyl oxyet hyl deoxychol ate,"

<A§d1?’§8@/0| ohexyl deoxychol ate, tetrahydropyranyl
eoxychol at e and neval onol act one deoxychol ate; a

' LE‘?%%?@@% SR cPthtioph pEAE BRBdovention ppjgnally
cor%f)ﬁé%g Gl RAditi e§%ﬁ%¥1%€§ﬁ¥1 ;g{%‘éta?dlhvé' t%ﬁ%&%@a&lﬁ a sensitizer.

oxocycl ohexy etr ahydropyr anyl
[01ki7} hochol ate and neval onol act one I|thocholate ~an
al kyl carboxyl ate such as dinethyl adipate, diethyl

adi PR BicydiipaRINYe BUicBApBned wHicHRikfbr indHb R3Sy BBKing
di -t-butyl adipate;

tolétaod; pateiostape, sahkyic forsubstiies, aAB tRMikeet hyl 1t et racycl of
4.4.0.12,5. 1v10] dodecane and the 59 |like. These -

al i Eyarhples afifle blivselic alditibeinehirld aflalghyntsie defvative such as
conbi nation of two or nore thereof. [0138] The :

1-adamirstateamtbokdicoacid) 2paamahtantuics b butyb 1 -@daantanecarboxylate,
applicability, striation, developability and the -

- t-butpkyartiongimdtied leddatrantaserattaoxtytate, o-ndymethetarenoni oni ¢

surfactant such:as pol yoxyet hyl ene |auryl ether;

- l-adungsxyesathyxynte, ditteutyll 1, badamantansticarbeeylaie, ebutybl ey

“ 1a§%ﬂ§g%y@§§§%§ﬁ§§%g%g§3§ iy OCt{gﬁgggmgm;kggé,dktbuﬁd
1,3-adamantanediacetate and 2,5-dunethyl-Z,5-d_i(adamantylcarbonyloxy)hcxahe; a
deoxycholate such as t-butyl deoxycholate, t-butoxycarbqnylmethyl deoxycholate,
2-ethoxyethyl deoxycholate, 2-cyclohexyloxyethyl deoxycholate, 3-oxocyclohexyl
deoxycholate, tetrahydropyranyl deoxycholate and mevalonolactone deoxycholate; a
lithocholate such as t-butyl lithocholate, t-butoxycarbonylmethy! lithocholate,
2-ethoxyethyl lithocholate, 2-cyclohexyloxyethyl lithocholate, 3-oxocyclohexyl
lithocholate, tetrahydropyranyl lithocholate and mevalonolactone lithocholate; an alkyl

~ carboxylate such as dimethyl adipate, diethyl adipate, dipropy! adipate, di-n-butyl
adipate and di-t-butyl adipate;
3-[2-hydroxy-2,2-bis(trifluoromethyl)ethyl]tetracyclo[4.4.0.1%°.17! % dodecane and the
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poI yet hyI ene gI ycol di | aurate, and pol yet hyl ene gl ycol

di stearate; comercially available products such as

"KP341" (manufactured by Shin-Etsu Chenm cal Co.,

Ltd.), "Polyflow No. 75" and "Pol yfl ow No. 95"

(manuf actured by Kyoei sha Chemical Co., Ltd.), "EFTOP

EF301", "EFTOP EF303", and "EFTOP EF352" (nanufactured

by JEMCO Inc.), "MEGAFAC F171" and "MEGAFAC F173"
lik¢. mabhebasgliaycbd additivdSanay ppased lsinglyaordn Chmbinatidrs of #wecor)more

"Fl uorad FC430" and "Fluorad FC431" (manufactured by
thegwii t onp 3M Ltd.), "Asahi Guard AG710", "Surflon

5-382", "Surflon SC-101", "Surflon SC 102", "Surflon
[01é§:1 103", "Surflon SC-104", "Surflon SC 105", and

"Surfl on SC- 106" ( manuf actured by Asahi d ass Co.

Lt d The surfastank s 4 Goeponentyghieh Sprpes apRiicabiily, Wéatipse

nmbi nati on of two or nore thereof.

de\ﬁh)ip%ﬁl‘%@t&i&lpi&% ly, the sensitizer is one that

abs rbs r adj ener nd transmts the energy to

¢ heEgrpleg el s ?ct%né} UL BT BB on of

poltgge | I ezn&asll ng tg %goun éengfs?e q%l drt hBrr eo ylene oleyl ether,

R S .

T S S B v
StucfiYuPE %mln g dmﬁ 0B Cliibd %y 1),

senS| t1zers my e USG Sin I nat’i on

==Pa§rﬂo&m 957 W@Jlﬁﬁfv?ﬂfoas‘fgg it FRRled WRDoAsYEhicd Co.,

- pignment is fornulated ent 1 mage 1 n"the expose

Ltd), EBFTOP HFS0 V', SERTOPEE308 M qhe bEF‘F@P'E&@SQ’F‘&th%&BE& 8}s
of hal ati on duri ng exposure. Use of an adhesion aid

JEMOD, Bve); “BIBGAFACE! 71 0aid ¥MEGRFA@F m”kzmmﬁe@rﬁfby

~other additives include an al kali-sol uble resin, | ow
Dainippeauhlannd Geémgithlsalnkd) TFleshdi BCH3 0 yandoTFluonad E@431”

“containing an acid di ssociable protecting group, a

(mémifatired by Shinfiotor3M d.tq),&'2aahi hianh AGI7a07, I“Saeffon S2B82~,
antifoam ng agent and the |ike. [0140] <Form ng

“SurBom 6€- Wiy ‘Ehirfen Bat 1087 yiSurflon SC-103”, “Surflon SC-104”, “Surﬂon
SC-1057, and “Surflon SC-106 (manufactured by Asahi Glass Co., Ltd.), and the like,
These surfactants may be used singly or in combination of two or more thereof.
[0139] |

| Additionally, the sensitizer is one that absorbs radiation energy and transmits the
energy to the acid generator (B), and exhibit the function of the increasing the amount
of an acid thereby. The sensitizer has an improving effect of apparent sensitivity of the
radiation-sensitive resin composition.

Exarhples of the sensitizer include carbazoles, acetophenones, benzophenones,

naphthalenes, phenols, biacetyl, Eosine, Rose Bengal, pyrenes, anthracenes,

phenothiazines and the like. These sensitizers may be used singly or in combination of

two or more thereof,
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The radi ation-sensitive resin conposition of the
present invention is particularly wuseful for a
chemcally-anplified resist. In the
chem cally-anplified resist, an acid-dissociable
group in the resin conponent, mainly resin (B) is
di ssociated by the function of an acid generated from
the acid generator upon exposure, thereby producing a
car Bentlydr, whengpdyeay apigosntlis forswlatsl, A latersiimpgeinghe ogemded
part of the resist in an alkaline developer is

arep gt b siseplizaghdheaply dececasingdbaeflasts of halatigh duting exposwe. Use
t he_al kal i ne devel gper . and renoved to obtain a

of %b%qhﬁ;l% ﬁlddﬁ’é’r‘?‘@:% ﬂ@heswatv/tt@ﬂw subsiraif-der to form a

res att USI g the radia nsitjve. resi
rrF 1F%> o ¢r E“’ﬁ? mehye apﬁf%@ﬁrﬂf}ﬁﬁewﬁ@ ﬂs,%mo?ecular

o BT 5@?%3 oo
Lt h .
AL RSP e S00R0P, Pk BB SR

[Ol%fting and the like. The resist filmis then
ptionally pre-baked (hereinafter, referred to as

<F&§§5%n?@gg{§§aggﬁgggﬁ?radiation so as to forma

prescr resis ern. The radi ation used for

eXPPRLHRididnILRGi AR edh b §§{1&9fnetﬂe Bfe%ﬂt‘fﬁ%nm)ﬁ is (A¥ticularly

ultraviol et rays, deep u Fravi o rays,

useﬁtl%ﬂ@%e%ﬁ&{lly%rﬁplﬁ%%m&r el chgrﬁwﬁﬁ? %ﬂﬁghﬁgd %lsE %Bes

of ‘'the acid generator. Anpng these, deep ultraviol et

acid-ASodifHE SERPLL the¥siMNCE PN Biaih§$8in %W As8GAtRd by B
nm or KrF excinmer laser (wavel ength: are

funpfi®f 6f dreftid MrerfedCiromiithd &SE€ BenetMBMeIoARED @suré- YeerébY) producing
particularly preferable. The exposure condl ti ons such

a caboeyl peauy e Adasest, eolabﬁuymfmead@bsedqﬁhefmmSt falan alkaline
dependi ng on the conposition of the

devehpbenisiinereased,sihdrety the skposedpyrosi dissolved tiythe sillafine developer
additives, and the like. In the present invention, it

and rsmoved tor clitdin atposipizetanerresiggattemxposur e bake ( PEB)
after exposure. PEB ensures snooth dissociation of the
aci i erderdoderaba eesisit putferh Hsing torradiptions sangidive nesin qeposition
heating tenperature for PEB is wusually in the range

of the grasgn dnvestiondle reginropmesition sphtionis qoated 1o dor ey gh
the heating.conditions are changed dependi ng on the

subgph 843 asgrsLiiponcader adiaavaigneasbdsvith glumipyg pRng an appropriate

app(ilcarlrtP %Sllngtlhog mcE %}ng Jotational coating, cast coating, roll coating and the like.
The resist film is then optionally pre-baked (hefeinafter, referred to as “PB”) and
exposed to radiation so as to form a prescribed resist pattern.  The radiation used for
exposure is appropriately selected from visible rays, ultraviolet rays, deep ultraviolet
rays, X-rays, charged particle beams or the like depending on types of the acid generator.
Among these, deep ultraviolet rays represented by ArF excimer laser (wavelength: 193
nm) or KrF excimer laser (wavelength: 248 nm) are preferred. ArF excimer laser
(wavelength: 193 nm) is particularly preferable.

The exposure conditions such as exposure dose are appropriately determined
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In order to bring out the potential of the
radi ati on-sensitive resin conposition to the nmaxi mum
extent, an organic or inorganic antireflection film
may be fornmed on the substrate using a nethod
described in, for example, JP-B H6-12452 (JP-A
S59-93448) or the like. A protective filmnmaybe
provided on the resist filmin order to prevent an
depsddisg oo ted ¢azaposifontsd hecrailiation-serisgiveaesin tompositien, typas of
are present in the environnmental atnosphere using a
addivasomnddhe like. b da thepresent inveatiy, é is prfaabls ta pefae or
the like. NMbreover, in order to prevent the acid
PoskERRSHEcohaky ARER haftar iexeospreo mBHEbeishiys stootrdisseaiatipnef the -
dilmduring liquid immersion |ithography, a protective
acigdfssoqiahle gfoypiiny theFRsin gprgRONant.¢ h%f&ﬁmg ?/?aspez?éurﬁ FORA TR éf

on the resi fi usj a_net hod desgri bed in, for
sy e s ptom 30803585, fof pretan (i EC o F ek encdin he

echni gues maybe used in. conb nation..[O0 h e
heali3g SRR ATE Ve e ing R gho Sl BT B i fon-sensitve
res%rc %roisrl%g resist pattern. The devel oper for

evel*opnent is preferably an al kal i ne agueous sol ution
10184 pared by dissolving at |east one of al kaline

coﬁ‘pounds such as sodi um hydroxi de, potassium .

hy dfO3aiEo bERE oUMHE @B{%ﬁﬁéto‘%mhéﬁﬂiaﬂEﬁ-%éﬂsht%tr&.in ESHbAion to

nmet asi |1 cat e, "agueous ammoni a, et hylam ne,

the PR EN ARG ofkAld W RGBS aﬁﬁfeﬁé&fo%@ﬂhﬁ%ﬁ Be formed on the
triethylamne, Trethyldi ethylam ne,

subRirit¥ hiinBatrheth &8 bdd th Sfob 8RahRB] JPEB H6-12452 (JP-A'S_59-9_3448)
tetranmet hyl ammoni um hydroxi de, pyrrol e, piperidine,

or BB Giké.NeA plot&ctivie dmlihgysd srolded ofd the/resiRRIGEME@Rdo prevent an
1, 5-di azabi cycl o-[ 4. 3. 0] -5-nonene. The concentration

adwetsetefifectadfibabic irapaitisgs angd tigdiketthatrardpgresent itsthalehyirdiiénedl
l ess by weight. If the concentration of the alkaline
atregplece gsisgh uiethod desoribed dis, fdDSampleydP ghIl5- 88598 exthe dikel
part may be dissolved in the developer rand it is
Mowngtfvay ox edderto frévengihe Thidl gtovmiorped thedikediom figwitpout of the
al kal i ne aqueous sol ution may conprise an organic
resistiilpe deringiguig iramersiont lithogyapfam i prafestive hidmiforcliquid iramersion
ket one such as acetone, nethyl ethyl ketone, nethyl

lithogrgphit ray e penvaded gpcthe prstet il msing @yastbordsesanbrd in, for example, -
3032055 Dby £ L opefl anofe and, 2,6 di et hyl cxel ohexanone;
[0142] |

The exposed resist film is then developed to form a prescribed resist pattern.
The developer for development is preferably an alkaline aqueous solution prepared by
dissolvihg at least one of alkaline compounds such as sodium hydroxide, potassium
hydroxide, sodium carbonate, sedium silicate, sodium metasilicate, aqueous ammonia,
ethylamine, n-propylamine, diethylamine, di-n-propylamine, triethylamine,
methyldiethylamine, ethyldimethylamine, triethanolamine, tetramethylammonium
hydroxide, pyrrole, piperidine, éholine, 1,8-diazabicyclo—[Sl.4.0]~7-undecene and

1,5-diazabicyclo-[4.3.0]-5-nonene. The concentration of the alkaline aqueous solution .
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et hanol , n-propanol, i-propanol, n-butanol, t-butanol,
cycl opentanol, cycl ohexanol, 1, 4-hexanedi ol and
1, 4- hexanedi net hyl ol ; an ether such as tetrahydrofuran
and di oxane; an ester such as ethyl acetate, n-butyl
acetate and i-anyl acetate; an aromatic hydrocarbon
such as toluene and xyl ene; phenol, acetonyl acet one,
di met hyl formam de; and the |ike. These organic
- is wsudllpel{i%s ondeys bewaizbtl  JF thgl opnoantiatiow ofithi mkkialionaqicotslution
or nore thereof The ambunt of the organic solvent to
exdgedsuld8el by sveighéfanrumiokgosed g oraylbeskissolygd iothe devebéper hrd it is
al kal i ne aqueous sol ution. The anmount of the organic
unfgwrgldat  exceedi ng 100% by vol ume may decr ease
devel opability, giving rise to a |larger undevel oped
Enﬂ%}tion in the exposed area. In addition, an

app riate anmount.  of a_ surfactant and the |i ke may .
bo” Tideyelaper SROLEIPS tespakaling Aaueats fgIutifR me eqmprge an organic

sl SR b R S5 G2 BBt St bfone, et
L R b G
3R A PnEn SRELE A et RbeenliE, B ARG St Hgnancl
ethfBol, Pl iR ol ¢ Aol BRbenpadot \A3EheRlbol,
SRR oG 2 TR o
an %_%&Dé)ﬁcﬂ\ﬁé' ShyTBRSHICA bR 4&ltatP GhARALY PR LR ARBIRUERPNY

w th ~ nonodi spersed pol ystyrene as a standard

hydr&d=8bd $uth BB toidng land §{188e; %@mﬂ%défﬂﬂyla@ét@& @%&@hﬁ}lfé’n?ﬂmide;
"G3000HXL" x 1, "GA000HXL™ x 13 manuf act.ured by Tosoh

andGhe fike. UTHEERE ofdaficlisalvensinigy Bakey Sing g‘c&ﬁﬂl téhbiRgtioFbfaWo or

rate: 1.0 mM/mn., eluate: tetrahydrofuran, colum
moteeipecit UFte:and@at ofdhe pagaictiolvehytola/ubed isgsefeabibul (0046 less
by vd;liurie'o_f the alkaline aqueous sotution. The amount of the organic solvent
exceeding 100% by volume may decrease developability, gwmg rise to a larger
undeveloped portion in the exposed area. In addition, an appfbpriate amount of a
surfactant and the like may be added to the developer containing the alkaline aqueous
solution. |

After development using the developer containing alkaline aqueous solution,

washing with water is generally carried out dried.

[EXAMPLES)]
| [0144]

- Embodiments of the present invention are described in detail hereinafter using
examples. The present invention is in no way limited by these examples. In addition,

"part" is based on mass unless otherwise indicated.
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fromthe neasurenent result. (2) 13C _NWR Anal ysis
13C-NMR anal ysis of the polymer was carried out using
"JNM EX270" manufactured by JEOL Ltd. (3) Amount of
| ow nol ecul ar wei ght conponents originating from
nononers The anount of | ow nol ecul ar conponents
originating fromnononers in 100% by weight of the
pol ymer obtained in each Synthesis Exanpl e was
[014Bhsured by high performance |iquid
chromat ogr aphy(HPLC) using "Intersil ODS-25 m col um"
( 4. Bleasgrpent angd gvatgtiondn Syaikesis Bdampleawesagirdeat pegording
and an eluate of an acrylonitrile/ 0.1 % phosphoric
to the methegdmantpdlosisi ution at a flow rate of 1.0 nl/nin.
146] Hereinafter, Synthesis Exanple is described.
Uﬁ‘%@*’ﬂ%ﬁ’!ﬂmrs used for the synthesis of the

ar BB R BEBMRR ByrThtrbop SpiiReria (BFC) 31
mopdsigkied gteene oy Yegans el pirak Bing GRY Gan
B B DB o B9 8 .
uncfeMﬁE%ll&Mnﬁ aﬁ&lygiwc&@itio_ns. Flow rate: 1.0 ml/min., cluate:
tetrahydrqfuran, column temperature: 40°C. Dispersibility Mw/Mn was calculated
from the measurement result.

(2) PC-NMR Analysis |
- BCcNMR analysis of tIrlle‘ igolj(mer- was carried out using “JNM-EX270”

manufactured by JEOL Ltd. o r
(3) Amount of low moIecular_-Wéight 'com_pbnents origiriatin.g from monomers

The amount of low molecular compohents originating from monomers in 100%
by Weight of the polymer oBtai_ned-in each Synthesis Example was measured by high. |
performance liquid chromatogrépﬁy'i(HPLC) using “Intersil ODS-25 ym column” (4.6
mme x 250 mm) manufactured by GL Sciences Inc., and an eluate of an
acrylonitrile/0.1% phosphoric acid aqueous solution at a flow rate of 1.0 mL/min.
[0146] |

Hereinafter, Synthesis Example is déscribed.

The monomers used for the synthesis of the fluorine-containing polymers (A)
and the resins (B) are shown hereinunder by the formulas (M-1) to (M-12).
[0147]
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[0148] <Synthesis of fluorine-containing polyners
(A-1) to (A-13)> Mononers and an initiator (MAIB

di met hyl -2, 2' -azobi s-i so-butyrate) were used at
anounts corresponding to nol % according to the
formul ati on shown in Table 1 and dissolved in 50 g of
nmet hyl ethyl ketone to prepare a nononer solution. The
total anount of the nonomers before starting
preparation was adjusted to 50 g. The nol % of each

rrono | ndi dhtes nol % i p the total Hanount of the
the nmol f each =&ti at or ==xdi cat e
m t he t anmount »e0 t he non s andxtbe io

|n| or ors he ot hegp hand, 50 @ of nethyl ethyl
ket o v

equi 2

nitr gen -, p

¢d into ® 500-ni, é)hree ne )peéF%I ask>

help@oBEer anqk @_ Eoppi ng gunne ¢
ur gede Fg?or ﬁo tes After that tﬂg
~ content |ntheflas ate éo whi | e strrrrng
usi ng a magnetic stl Subseauen ?y, t he above

monqme{) sol yii-gn was mj@d dropwygayt o t hgpidyask (M-6)
usi ng a droppi ng funnel over three hours After the
‘addition, the m xture vvas aged for 65 three hours

and a Iomed tg cool to enperatur of 30C Iomer
i on. post
l/mer s 1) t
'ng purigication

th by obt ing a lymer s

“treat th uorrne cpngai ni ng

(A- 13 were urified bythefollo

met hod /1) and e fluori ont ai nkng poly

(A- 12 63 (A/13N\ were pmed he foll t

puri kication R&tod (I11). [0149] Eurlflcatl TPt hod
(1) reacti solution was added to a sol vent for

reprecr@rtatl oA refer to Tabl e 1) whose anount is
fiv mes of armunt the r i on sol n,
sti rqlrv%-)r?g was (Mgffor rred 30 m(ﬁ'ﬁﬁg fil t(gﬁrt and
then rinsing was carried out twice in 200 nL of

[Olﬁﬁl hanol . The resultant copol yners were subjected to
measurenent for Mv, Mwv Mn (ol ecul ar wei ght '

<Syhitbgsér ofi fluioripy-coytaming folyroyrs\@a Do YA-18pnt ent of | ow
mol ecul ar wei ght conponents (% by weight), and ratio
of Mmomo@ﬂuangmumw EMARB: dismetybald rasolis- “isPHlputyrate) were -

used at amounts corresponding _’_co mol% according to the formulation shown m-Tablc 1

(V-12)

and dissolved in 50 g of methyl ethyl ketone to prepare a monomer solution. T-he total
amount of the monomers before starting preparation was adjusted to 50 g. The mol%
of each monomer indicates moi% in the total amount of the monomers, and the mol% of
each initiator indicates mol% in the total amount of the monomers and the initiators.

On the other hand, 50 g of methy! ethyl ketone was charged into a 500-mL
three-necked flask equipped with a thermometer and a dropping funnel and nitrogen
was purged for 30 minutes. After that, the content in the flask was heated to 80°C
while stirring using a magnetic stirrer.

Subsequently, the above monomer solution was added dropwise to the flask

using a dropping funnel over three hours. After the addition, the mixture was aged for
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results are shown in Table 2. Purification nmethod (I1)
The reaction solution was transferred to a 2-L
separatory funnel and then honbgeneously diluted with
150 g of n-hexane (solvent A), 600 g of nethano
(solvent B) was added, and the m xture was stirred.
Subsequently, 30 g of distilled water was charged,
followed by stirring for 30 mnutes. The | ower |ayer
thregekpues khé sliewed to cobl teiartempenpnopyf HE allyws) thawhp obtamihg a
et her acetate solution. The resultant copol yners were
copplspersehigiono neasurenent for My, Mv M, yield, content
of | ow nol ecul ar wejg conponent s, and ratio of the
re pE@&nq’s@tr@mmﬁ%t the ﬂwgn@ﬁawmgolmpré (Acbiip (A-14) were
0 Tahle 2. [0150] 6 a"i 333300 O 0
pu@%‘ % e follogving piification n@ﬂ@Mg) and the ﬂ@?l@@rwmwnng pplygpers
~~ + V1 00 0 O
AT e venied by e fllemiss rrbgation gt 8D 00

O--i NM7v1\Ol~00NM O --~NMd In
[01’49]{)N00rn0--~NM NCI NNG NNNRN--~ -~ -~

Punﬁcatlwl\@{e\(ﬁo\é/(w Wwwwil1l1]1

The reactipn solution was added to a solvent for reprecipitation (refer to Table 1)
whose amount is five times of the-amount of the reaction solution, stirring was
performed for 30 minutes, filtered, and then rinsing was carried out twice in 200 mL of
methanol. The resultant copolymers were subjected to measurement for Mw, Mw/Mn
' .'(I‘nOI'e_cular weight dispersivity), yield (% by weight), content of low molecular weight
-"con:1-p-onents (% by weight), and ratio of the repeaﬁﬂg ﬁﬁits in the copolymers. The
: resﬁlts are shown in Table 2. '

_.Punﬁcatmn method (1)

The reaction solution was transferred to a 2-L separatory funnel and then
: :homogeneously diluted with 150 g of n-hexane (solvent A) 600 g of methanol (solvent
B) was added, and the mixture was stirred. Subsequently, 30 g of distilled water was
chaiged, followed by stirﬁng for 30 minutes. The lower layer was collected to obtain a
propylene glycol monomethy! ether acetate solution. The resultant copolymers were
subjected to measurement for Mw, Mw/Mn, yield, content of low molecular weight
components, and ratio of the repeating units in the copolyrﬁers. The results are shown
in Table 2. | |

[0150]
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[0152] 68 The results of 13C-NWR analysis of A1 to
A-13 were as follows. A-1: Peak originating from
nmononer (M 1) is at 95 ppm and has an area of 2.067,
peak originating fromnononmer (M3) is at 85 to 90

ppm and fhas—ah—atr-eqg—eF—3+—806; =—-frdhf 32. 6
(mol % A 2: ®eak ofigi nati|ng| 1o ‘ I\/’LJZ) al 95
ppm 1. g50, Ee@k offi gi natilng| fro r{(W3) ht 85
to 90 pgm 10233 qnd M 2/[MB' £ 57" |62 (gl o+ A- 3:
Peak orilgin frlo mey ) 5 ppm 2. 834,
peak orilgi nating fro oner [(Nt4 85|toe 90 ppm
1.286, gnd WFI7TWVF&[= SI[ Z[ (ol g [A & | Pgak
ori gi natfi ng Tram mynojre ML) [at] 9b ppmis 2. 6[72
peaks orli gi ndt&ng flrpne | mgrorm i oo | B5): | af| @ 10 | o 3P0
ppm-and [at 68 £o 7q&hdn & & résiza@ | NigFy 2| RO |hy
1.117, jand ¥/ MY = 71.6/2B8.4 (jno] %9 A-5] Peak
originatling from non M) jat| 9b ppmis %. §99
peak orijgi nat,i ng frno rononer | (M5 t 1110 fo . [12D ppm
is 1.00dq, anngUM =185.5( 14. 9 (pholj%| At 6: Heak
ori gi natfi ng Eraym mygeli < i 1% | 53| DEREINT b3t D2
peaks orli gi ngtEng fliojie | YrgRopfe i <V B% | Bt P10 [ 440
ppm and |at to 7Q ppm arle respgctjvely 1| 946 [ang
2.130, a-n-d—MéLM-& BBk -56-— BB} B Rt
originatli ng fEom mynoef (ML) |at| Op_ppm ibs_2. 487
peaks arl 0 nagi o {Fefe | {berset G| F| | 4 P8 £ 4 po
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M1/ M6 = 71.1/28.9 (nol % A-8: Peak originating from
mononer (M 1) at 95 ppmis 6.600, peak originating
from nononer (M5) at.60 to 70 ppmis 1.139, and
M1/ M5 = 85.3/14.7 (nol % A-9: Peak originating from
nmonomer (M 1) at 95 ppmis 4.989, a peak originating
from nononmer (M5) at 110 to 120 ppmis 1.000, peak
origi nating from monomer (M7) is 1.124, and
M 17T Srshits7o > QNNIR IahaliysibHf &-1 bpALY3 wert @s fdbloals.
orlglnatlngfromrmnorre M 1) at 95 ppmis 15.905, a
A-pdierk erigigitieg frog ménawerbvhbhirat §3pem aad hasma area 0BDOGRH ek
is 2. 961 peak originating from nononer Q;) at 85
onsl,amm& QN GO, nip MSS? 90 ppnr@ndl.haﬁsm@m 108, 99d

3\4 . Peak or]i %I nating fromnmononer (M1) at 95 ppm

M-l é’%ﬁédﬁﬁé&ﬁm@/ Y gi nati ng from mononer (M 10) at 60
s .2, 300, .and M1/ M 5/29.5 (ol %. A-12:

A—%&%aﬂg@m& A moRam 3 1aﬁ55095€ﬂ&5mgpsahng from

mopgrsr agEy Eﬁaﬁ{ P02, %%4 28\?%”‘35% b S0 poak
A-FRalk Sbigitod bR r??%q‘x’a%k% Bladiosth ?%@m%f@i@&g*f@g Bpifiom
moblpht A o7 il ?gnif‘i}@@é#e”g%é‘%a At
A RBR e koA haloitr i ol ﬁ%g@hﬁ%%%@?gwﬁﬁ from
ot GO 120 mpin i o ST TR B b Givel 1t 1117

and?p\@lmgob'ylsé/ggquq/pr opi onate). On the other hand,
0 g of 2-butanone was charged into a 500-nL

A-S rF’e@.E ofigRkeRl frbmSkomtbrTM-1 PAOB phaSis FSLB’%)e?eaﬂ(%g%thg from

m nutes. After purging nitrogento the

mo@omtLN-5)as1 fieatied pbm i8Q000NiddeVsT/M-5 g5, 510415 (#81%)
above monomer sol ution was added dropwi se using a

A-6trRephotiginbtimgnfbmateiontds (®R 1 Far @S ppm Fhedinpdakabiiginatis from -
the addition was set to a polynerization starting tine
moanuber (M5 aelitzatli20 ppuwemndea 60 ite @0 pph af@respacnvdﬂgallr%ﬁ and 2.130,
After the pol ynerization, the polynmer solution. was
and Mol A5 3h2MaB8dmol’%) a t enperature of 30C or | ower and
was poured into
A-7:Pe or1g1nat1ng from monomer (M- 1) at 95 ppm is 2.487, peaks onglnatmg from
monomer (M-6) at 100 to 130 ppm and at 60 ppm are respectlvely 2.045 and 1.000, and
M-1/M-6 = 71.1/28.9 (mol%) |
' A-8: Peak originating from monomer (M-1) at 95 pprri is 6.600, peak originating from
monomer (M-5) at 60 to 70 ppm is 1.139, and M-1/M-5 = 85.3/14.7 (mol%)
A-9: Peak originating from monomer (M-1) at 95 ppm is 4.989, a peak originating from
monomer (M-5) at 110 to 120 ppm is 1.000, peak originating from monomer (M-7) is
1.124, and M-1/M-5/M-7 = 70.1/14.1/15.8 (mol%)
A-10: Peak originating from monomer (M-1) at 95 ppm is 15.905, a peak originating
from monomer (M-5) at 110 to 120 ppm is 2.961, peak originating from monomer

(M-7) at 85 ppm is 1.000, and M-1/M-5/M-7 = 79.1/15.6/5.3 (mol%)
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2,000 g of nmethanol. A white precipitate produced was
collected by filtration. The white powder coll ected
by filtration was washed twice with 400 g of nethanol
ina slurry state, filtered again, and dried at 50C
for 17 hours to obtain a polyner in the formof white
powder (74 g, yield 74% . The pol yner was a copol yner
having Mv of 6,900, MvW Mh = 1.70 and nol % ratio of
A-tlh ealepreginiting foom nwnomiey(Mal)iab§S pporis § 343 mealbneginating from
(M7), the nononer (M 1) and the nononer (M8)
mogemer (M- 8HatAp peciss\iP0a aed Ys1/M-dP 58).523 5 (molfo}
mol % . . This polyner is indicated as resin (B-1). The
A-I Rﬁ@ﬁ@nsiﬂatu@ﬁ% menemsr (Mel)ghPS pearip dAdeak pyeinatingfom
fromthe nmongners. in the resin was 0. 03% by

ronergh 1) el Gt an ot 4REsfarlitr
AR it ahrd ritnor -0 B4 a3 B g ot om
moff B30 e o e - 0 MG et S b0 o

[0135 2- but anone, and further adding 5.74 g of dinethyl
]2 -azobi s(2-net hyl propi onate). On the other hand,

- pyt;anone was charged into a 500-nL
< Qgeesgs-oﬁggﬁlégélflﬁgsk and nitrogen was purged for 30

cont antregiie {AtoRaFhAaRl by BREOHR 318§ (R3oh W he

moRGRYEMB) FETR SI04hb195) bRk Iﬁgﬂtﬁﬂeﬁl\/ﬁ’;gyga}ﬁg 188b %Q{Ié‘mofl%) of

dr oppl ng funne%q_ over t'hree hours. nitiation. o

" the nitShoRfH! (L 9)1n P06 928 L-Buslridnb nl Thrithe? Bl4iRD 5,%%84’1& dihethlyl"®

and polynerization was carried out for six hours.

2,2Ahkdis(2-netRApropRmMbERL | O theldliferBighd, TOD g FQLbtRAe WAS charged
cooled with water to a tenperature of 30C or | ower and

into\@SO(paill ebehitced RasRA8d gittfgefi®iab pigkd fok 30hhintes. After
preci pitate produced was -collected by filtration. The
purghngtnétrggende thedtisk ethé eshtént wWaslhieatad kB0 Gaghilkesinga and the
W th 400 g of nmethanol ina slurry state, filtered
aboag aiamomen sblutiorewasiddsd Grdpoviselisitppaudepping Giniral ovea three hours.
pol ymer in the formof white powder (72 g, yield
Theyindgjationioé thsaidgdition wassetdto aqodimysrizatiom startigpg Mmexindg, 100,

- MMM 1.56 and nol% S
polymerization was carried out for six hours. After the polymerization, the polymer
solution was cooled with water to a température of 30°C or lower and was poured into
2,0007 g of methanol. A white precipitate pi‘oduced was collected by filtration. The
white powder collected by filtration was washed twice with 400 g of methanol in a
slurry state, filtered again, and dried at 50°C for 17 hours to obtain a polymer in the
form of white powder (74 g, yield 74%). |

The polymer was a copolymer having Mw of 6,900, Mw/Mn = 1.70 and mol%
ratio of the repeating units originating from the monomer (M-7), the monomer (M-1)
and the monomer (M-8) determined by ?C-NMR analysis of 53.0:37.2:9.8 (mol%).
This polymer is indicated as resin (B-1). The content of low-molecular Weight

compounds originating from the monomers in the resin (B-1) was 0.03% by weight '

70



ratio of the repeating units originating fromthe
mononer (M 7), the nononmer (M9) and the nononer
(M8) determ ned by 13C-NWR anal ysis of 52.2:38.1:9.7
(mol%. This polynmer is indicated as resin (B-2). The
content of |ow nol ecul ar wei ght conpounds originating
fromthe nononmers in the resin (B-2) was 0.02% by
wei ght based on 100% by wei ght of the polyner. [0155]
basedpntlA8%i by weightedithe @y®Byr> A nononer sol ution was
prepared by dissolving 41.32 g (41 nol % of the
[0lg8honer (M 7), 44.63 g (42 mol % of the nononer
(M11), and 14.05 g (17 mol % of 71 the nononer
<Synthess of 1gsin (13-20 of ~ 2- but anone, and further adding 5.74

g of dinmethyl .2, 2'-azobig(2-nethylpropjonate).  On the
ot h&rMPRYRET salyoy was p@pﬁrﬁa iméiﬂﬁéowg@ %ﬁ&@@ molip)pighe

B bR L R
B R 2T ot AP S e
2 SRR IBELEL (0808 R S PR e
00 B BLASEL] AR S50 B 5 R
R e

| abd¥f HdrRircR L SférPAS R RRAL @ PR iRl b ekl Siours.

ite powder collected by filtration waS washed tw ce

ThdMinfitiatib Gf ehefd dRINRARAEL fok pdlyraéidativn StaAid tihd Adder ed
again, and dried at 50C for 17 hours to obtain a
polplkesiF@ioniwastch@iedfodt forafx Wuird. © AR pdlydezativh Sthe polymer
72% . The polymer was a copol yner having Mv of 5, gogm
solifidnvivascoblddOvidndabida tehmpetaburo bf BORE drdpwet dndgvasouged into
originating fromthe nononer (M7), the nononmer (M
2,000 g of arethanbe nrowbitepretipitie)prothiced mas edldoted B3 ilidhiiorR The
analysis of 41.1:42.3:16.6 (nol% . This polyner is
whitejowdaredlleed b filtratibn 3)s wableddwpiteawith 600 ¢ ofimethlanalih ar
wei ght _ conpounds originating fromthe nononmers in the
sl siake, (e19Y Ageis, Ddxhicdiat FESHonY7 howss gheblhiagemionerioios
by wei ght of the p_olc}/msr. : '
form of white powder (72 g, yield 72%).

The polymer was a copolymer having Mw of 9,100, Mw/Mn = 1.56 and mol%
ratio of the repeating units originating from the monomer (M-"/')., the monomer (M-9)
and the monomer (M-8) determined by >C-NMR analysis of 52.2:38.1:9.7 (mol%).
This polymer is indicated as resin (B-2). The content of low-molecular weight
compounds originating from the monomers in the resin (B-2) was 0.02% by weight
based on 100% by weight of the polymer.
[0155]
<Synthesis of resin (B-3)>

A monomer solution was prepared by dissolving 41.32 g (41 moi%) of the
monomer (M-7), 44.63 g (42 mol%) of the monomer (M-11), and 14.05 g (17 mol%) of

1



[0156] <Synthesis of resin (B-4)> A nononer sol ution
was prepared by dissolving 39.36 g (40 nol % of the
mononmer (M7), 5.65 g (7 nol% of the nononer (M1),
and 54.99 g (53 nol%9 of the nononer (M11) in 200 g
of 2-butanone, and further adding 6.54 g of dinethyl
2,2'-azobi s(isobutylonitrile). On the other hand, 100
g of 2-butanone was charged into a 500-m,
thetthorsman b if PAQ k ofRcbutdrnonegad furter pddine 8. T of30methyl
mnutes. After purging nitrogen to the flask, the
2,2 srabix2-meibylpptangic).o Qothamiherchasd, 100 gef 2abetandns vedsoharged
. nononer_ sol uti on was added dropw se usjing a_ dropping
intg grARMIgthese-naskedilpdkiang nityogen pasiphrger o1 tqshe Affer
addi ti on was set a polynerization starting tinme and

PULSHIS THEPEERAP | aSk;@e saptentadpsdisated bo 8T ICWhils stirring\andsthe
o 5 i B R B R e S S o
o Bt e RO Rl S Gl
polf R ioh s R o sl o AN B AR g b fmer
sol?ﬁégn ?%ér %%(1) t%%?t%g&? Eoo%g&%ﬁ;@re&? 39‘?59 dlgsygg /é’rpd %ouir&i into
2,086 'Eée%'gg]eé%ng}. 2 £oRAL gf@g@i@%gara&cw“% ot by om:  The

% rati repeating units

whit bewa@tdoNgettd By iR oARRL Wkhdd\wide wht) QOG'%%PH}%{haﬁMiﬁ)a
and the nononer” (M 11) determ ned by 13C-NMR anal ysi s
slufth sthde, ﬁltérearaganpaddmie‘m 50°CHdr 37 ML A bbiafh 4 pslixaad Bdhe

as resin (B-4). The content of |ow nolecular weight

forgsRaiRdwlet ginalid7i%9m t he nononmers in the resin
(B-4) was O. 1% or |less t;y wei ght based on 100% by

wei Fhé¢ potymiherape bypotymerd Kl ng Mw<sia0000 348/Mi =165 dhd mol%
(B-5)> A nononer solution was prepared by-dissolving
ratié ©f 118 igpdatirig nmit9Prigihatidpefrommuiromenordd (F]-7), tHe mngnéri(M-11)
nol |/ 0) of the monomer (M 1), and 41.29 g (39 nol % of
and the timmooree (M(12) deteriine@ 09 1 -DIMR ahalysinofiél. 1:423: Hous (ohal?s).
addi ng. 4. 08 g of dinethgl ' LT
This polymer is indicated as resin (B-3). The content of low-molecular weight

compouﬁcis bﬁginating from the monomers in the resin (B-3)was 0.1% or less by
weight based on 100% by weight of the polymer R
[0156] |
<Synthesis of resin (B-4)>

A monomer solution was prepared by dissolving 39.36 g (40 mol%) of the
monomér (M-7), 5.65 g (7 mol%) of the monomer (M-1), and 54.99 g (53 mol%) of the
monomer (M-11) in 200 g of 2-butanone, and further adding 6.54 g of dimethyl
2,2’-azobis(isobutylonitrile). On the other hand, 100 g of 2-butanone was charged into
a 500-mL three-necked flask and nitrogen was purged for 30 minutes. After purging
nitrogen to the flask, the content was heated to 80°C while stirring and the above

monomer solution was added dropwise using a dropping funnel over three hours. The
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2,2' -azobis(isobutylonitrile). On the other hand, 100

g of 2-butanone was charged into a 1,000-nL

t hree- necked flask and nitrogen was purged for 30

m nutes. After purging nitrogen to the flask, the

content was heated to 80C while stirring and the above

“nmonomer sol uti on was added dropw se using a droppi ng

funnel over three hours. The initiation of the
initigfigintof the adddionevastset ta agmilymeniatian stertingtteme anslgpalymrerizatidn

pol ymeri zation was carried out for six hours. After
wag eraTipb Pytfer $1x dowisn, Afteethspolpmearizeden theoprlwaer sobyivnerhs

wWth water to a tenperature of 30C or |ower and_ was
cooleeliwER Water &0 B tegerprguisol 3R ﬁelwer and Wi p@lrei aiq pPPdgef

roduced was col | ected by filtratiaon.

me r AWt peeigitpy PF‘?q“F?daW%?Pl @ddeaé“ﬂwlqrw é@emfﬁ

posi A B ERaRo e e o 3 b s s
I h wd

et HEh ol gl AL SELRT 1RSS50 ogymic

_ dm)l% rati o of the repeating units
P"%rg%n%’tﬁ%lg @m the nonomer (M 7), the nonomner . (Ml)

of %@ﬁolﬂ%@% a blobimoptn Bt oMol i AR 300 el ot
raue%fﬁe% ea@]ﬁgl hi naﬁ@aﬁg £l tlgefmhﬁa/fﬁ&tzi\ﬁf wesrﬂé}t(m -

conpounds € nononers e resin

and tBe on¥RSr §Ml1 1%&9&1&1&%& bgiﬁc NRIT® Qﬁalfﬁs';@m 10P6 300% ﬁﬂl 0l1%).

wei ght of the pol yner. 158] <Synthesis of resi

Thil Ik
ok AL ) e e s

corh GO bAgin@ting ﬂa@nmeﬁémé&ﬁdﬂa)e rkdin ?a) 9290.1% or less by |
2-but anone, and further adding 4.08 g of dinethyl
weighPbasad obil 8¢ bebudight@fitid pdlgher. On the ot her hand, 100
g of 2-butanone was charged into a 1, 000-nL
[016W) ee- necked flask and nitrogen was purged for 30
m nutes. After purging nitrogen to the flask, the
<Sywihgsismif resiis Brdiit ed to 80C while stirring and t he
above nononer sol uti on was added dropw se usin
dr ofpiengufen ﬂ@ietlomwesr pitepareé b dmselvmghg i%¢ (4I7a11®]g{f) qfﬂhe

the addition was set pol yneri zati on start

mowrﬁ%r Ard)» ﬁd@rﬁe@lﬂz‘ml‘?f@ rﬁ’f \ﬂﬁsmemtrréhi dluend ¢}.28 ug>(3?1 mgal%) of
the monomer (M-11) in 200 g of 2- butanone, and further addmg 4,08 g of dimethyl

2,2’-azobis(isobutylonitrile). On the other hand, 100 g of 2-butanone was charged into
a 1,000-mL three-necked flask and nitrogen was purged for 30 minutes. After purging
nitrogen to the flask, the content was heated to 80°C while_stirring and the above
monomer solution Wae added dropwise using a dropping funnel over three hours. The
initiation of the addition was set to a polymerization starting time and polymerization
was carried out for six hours. After the polymerization, the polymer solution was
cooled with water to a temperature of 30°C or lower and was poured into 2,000 g of
methanol. A white precipitate produced was collected by filtration. The white

powder collected by filtration was washed twice with 400 g of methanol in a slury state,
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t he pol ynerization, the polyner solutlon was cooled

wWth water to a tenperature of 30C or |ower and was

‘poured into 2,000 g of nmethanol. A white precipitate

produced was collected by filtration. The white

powder collected by filtration was washed twice wth

400 g of nethanol in a slurry state, filtered again,

and dried at 50C for 17 hours to obtain a polyner in
filteded afain mandfdrietiiat 80°Ldarl €7 h¢utS tagobtyinel phlyiRein thknferm of white

polymer was a copol ynmer having Mwv of 5,200, Mwv Mh =
poddi {7 apdyiekd o) ati o of the repeating units

originating fromthe nononer (M 11) and the nononer

( M The pelymenivaea conolwsa- avingaviat of5, ¥0oMed/ls=4F051d mol%

(ml% . This polymer is indicated as resin (B-6). The
rat@&fﬁ@wpwmg@wtmmwm we.ﬂgqﬂwm Yedb ﬂaﬁlingmpm@r Mg

74 fromthe nonaners resin (B-6) wa

and @%én(}é‘?mﬁé (Mnk1) E}a@gamsqia bxo&o;NW agyshef 46 2 ﬂﬁé 1505 (mol%).
Th§ b 51031%}1@5 M? i ao{}ﬁeeﬁbofﬁwgeolgwl%wgﬂgﬂe by
°°IHB‘H’6’H§ prigiALAE ﬁ%fﬁ%%%m%‘imarse%%l g By wat sy
el bt A B2 e S b BB ity omi 111 ) Onthe

UH%%ger hand, 100 g of 2- butanone was charged into a
00-nL t hree-necked flask and ni trogen was purged

After purging nitrogen to the flask,
>
esgsg%ﬁ%ﬁ%ﬂﬁ heated to 80C while stirring and the

abog%oﬂmg&hnéﬁ%b RBailA Dy WLELify M 2 CHALDH & the

droppi ng funnel over ree rtiat

mohbﬁe?@@-lﬁ) LAN6 1RE o360 mfof%?opﬁ% }&%BhléﬁiMoﬂ) B %G & B2 bufBone,
and pol yireri zati6n was carried out for &ix hours.

and¥ulr@er 5&&1@1%008/ FRF tmithyl2,2°t26biB@bIB lodi@ila) | O thedther hand,
cooled with water to a tenperature of 30C or |ower and

100\8.8f Poutadoné WhoOckArddGni@ a0f, 0003 tare!neclkedMisk @nd nitrogen was
preci pitate produced was col | ect ed by filtration. ‘The

purghd foe 30meindies. cAftbrentrgidg hijtrdgeh to thiiftask, whescostesi eas twdtedto
with 400 g of nmethanol in a slurry state, filtered

80°@yaihity staricl aied the ahove506hdnmer sbifition wvas addedahbpnivise asing a

. polyner in the-formof white powder (72 g, yield-

dropggzg funnel over thrée hours The initiation of the addition was setto a -

polymenzathn starting t1mf_: and polymerization was carried out for six hours. | Aﬂér
the polymerization, the polymer solution was cooled with water to a temperature of .
-30°C or lower and was poured into 2,000 g of methanol. A white precipitate produced
was collected by filtration. The white powder collected by filtration was washed twice
with 400 g of methanol in a slurry state, filtered again, and dried at 506°C for 17 hours to
obtain a polymer in the form of white powder (73 g, yield 73%).
The polymer was a copolymer having Mw of 5,200, Mw/Mn = 1.67 and mol%

ratio of the repeating units originating from the monomer (M-11) and the monomer
M-7) deterrﬁined by *C-NMR analysis of 59.5:40.5 (mol%). This polymer is

indicated as resin (B-6). The content of low-molecular weight compounds originating
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The pol yner was a copol yner having Mv of 5,000, Mw Mn
= 1.65 and nol % ratio of the repeating units
originating fromthe nononer (M7), the nonomer (M 1)
and the nmonomer (M 11) determ ned by 1 3C- NWR anal ysi s
of 30.4:33.8:35.8 (mol%9. This polyner is indicated
as resin (B-7). The content of | ow nolecul ar wei ght
compounds originating fromthe nononmers in the resin
frofnBhe monameB.in Weoesih €8-6) was Ovidh ghleshbs weighnhbasod o 90% by
wei ght of the polynmer. [0160] <Preparation of
weightipfahe polyswnsi ti ve resin conpositions> The
radi ati on-sensitive resin conpositions for Exanples |
[0168] 34 and 75 Conparative Exanples 1 and 2 were

prepared hy m xing the fluorine-containing polyner
<Symghesis ofaesit (By/)> aci d generator (C),

s R I W
ot S 75, 05 o Rt A et g B 8 B Mci%h) of
o 05 by 4 e, 1R i 4o
2.2 AP CHR et s Gttt B To] sk agnd g B inco
2 1 R ko Jochdq Sk Sitoden Sl ARl 167 0 by, =gk ieing

nin()gcrfi@ﬂigﬂﬁskg #EQhtenBwas K3 to 80°C while stirring and the above

‘monomer solution was added dropwise using a dropping funnel over three hours. The

" initiation of the addition was set to a pdlymexizafibn-étarting time and polymerization
\Sr'as carried out for six hours. After the polymeriZatiﬁn, the polymer solution was
cooled with water to a temperature of 30°C or lower a_ind was poured into 2,000 g of
methanol. A white precipitate produced was cdllecte_d by filtration. The white
ﬁowder collected by filtration was washed twice witli_;400 g of methanol in a slur_ry state,
'_ filtered again, and dried at 50°C for 17 hours to ‘obtlaii‘n a polymer in the forﬁl_ of white
powder (72 g, yield 72%).

The polymer was a copolymer having Mw of 5,000, Mw/Mn = 1.65 and mol%
ratio of the repeating units originating from the monomer (M-7), the monomer (M-1)
and the monomer (M-11) determined by >C-NMR analysis of 30.4:33.8:35.8 (mol%).
This polymer is indicated as resin (B-7). The content of low-molecular weight
compounds originating from the monomers in the resin (B-7) was 0.1% or less by
weight based on 100% by weight of the polymer.
[0160]
<Preparation of radiation-sensitive resin compositions>

The radiation-sensitive resin compositions for Examples 1 to 34 and
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Exanple 5 A-5 (5) B-1 (95) CC--12(1(6.5) (6.0) D-1
(0.65) E-1 (1400) E-2 (30) Exanple 6 A-6 (5) B-1 (95)
C1 (1.5 D1 (0.65) E-1(1400) C-2 (6.0) E-2 (30) :
Exanple 7 A-7 (5) B-1 (95) CC--1 2 (1(6.5) .0) D1
(0.65) E-1 (1400) E-2 (30) Exanple 8 A-8 (5) B-1 (95)
C-1 (1.5 D1 (0.65) E-1 (1400) C-2 (6.0) E-2 (30)
Exanple 9 A-9 (5) B-1(95) CCG-1 2 (1(6.0) .5)
CobpaiaivéExarfiples ( 2dd0)wele grep@0) by Bxiaimgltiee flGorietcopGinife 1
(95) G 1(1.5) D-1(0.65) E-1 (1400) C-2 (6.0) E-2 (30)
polpenfAlerebin (8)5acidb perBraton (@5) niGogentcapidinifig cainpéend)D)Bad
(0.65) E-1 (980) E-4 (420) Exanple 12 A-5 (5) B-1
sol(r%IEmcomtz pragestians shewo)in ebleg dtogs) E-1 (980) E-3

Exanpl e 13 A-10 (5) B-1 (95) G 1 (1.5) D-1
(01681 65) E1 (1400) G2 (6.0) E-2 (30) [0182] 76 Tabl e
4 Acid N trogen Pol ymer mleécont ai ni ng Solvent (A
(BY—ere Ret-fri-at—e SR etHe— BBt —PafFt—Fpari
(part) (phrt) 1 aca | Nwg |
Polymer | Resin generator containing Solvent
(A) (B) © compound (E)
D) |
(part) | (part) | (part) (part) __(part)
C-1(L5 E-1 (1400
Example 1 | A-1(5) .| B-1(95) co 26.0; D-1(0.65) E-Z( (30))
Example2 | A2(5) | B-1(95) g; 2(5); D-1 (0.65) E-E12( 1(;‘32)
— e Y e T Rl
1. B c1(1.5 | E-1 (1400
Example 4 | A-4(5) | B-1(95) Cco ani | D-10.65) _ E-; (30))
C-1(L5) | E-1 (1400
Example 5 A—S () | Bl (95)_ ca 56'.0; D-1 (0'65)_ E-2( (30))
Example 6 | A-6(5) | B-1 (9,.5.) g:; Eé(s); | D1 (0.65) E;.z( l(:g;))
_ c1as) | E-1.(1400
Bxample7 | A7(5) | B109) | o, Ee.'o;'  D-1(0.65) Ez( (30))
C-1 (1.5) - E-1 (1400
Example 8 | A-8(5) | B-1(95) an 26.0; D-1 (0:65) E_2( (30))
_ C-1(1.5 E-1 (1400
Exampled | A9(5) | B1OS) | . 56_03 D-1(0.65) E2( (30))
Example 10 | A-5(5) | B-1(95) S; Eégi D-1 (0.65) EEl 2(1(;133))
Example 11 | A-5(5) | B-1(95) g-:lz Eég; D-1 (0.65) E-i Ezgg;
Example 12 | A-5(5) | B-1(95) g:; Eég; D-1(0:63) g-; Eizg;
Eﬁ;ample 13 | A-10 (5) | B-1(95) g; 2(5); D-1(0.65) ng(;‘g;))
[0162]
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( 1400)

C4 (6 5) E 1 (1400)
(2.0) D1 (1.10) E-2 (30) E-4 (600)
Exanpl e 15 A-1l
(1.10) E-2 (30) E-4 (600)

C 4

(6.5) E-1

(5) B-2 (95) G5 (2.0) D1

E-1(1

400)

Exanple 16 A-12

(5) B-3 (85) C-1 (4.0) D-1 (1.10) E-2 (30) B-5 (15)

Exanple 14 A-8 (5) B-2 (95) C5

4

Praped

C-2 (4.0) E-4 (600) E-1 (1400). Exanple 17 A-12 (5)
" B Slr 0L Ui (50 03 (110 £
(70) G2 (b.0) D1 (1.10) E: 2. (30)Nroger600) B-3 (30
Cl6 (4.0) Epdiyhdrd00ResiEX A 19| Avdi@intss) | B- 5 56ig@) C 3
(5.0) D-1[1.A9) [E-2m(30) SEHIq6 oqgom@r 7:0) (&
( 1L.400) Exanple 20 A-12 [(5){@-5 (10 )c 2((2.0) Bl
(L.10) E-2| (30) E-4 (600) E-1 (14085 Exanpl e 21 A-1:
(p) B-3 (3P)ea@YI (4. OptD-1 ((Ilaff.lO) E- @a(tB0) |B 4 @7Q) C-
(F.0) E-4 [600) [E-1 (140(2?&4 anpl e 22 Al 123@514@@6
( PRLar1214 P-AR (- [1BLYo30) B E-V30)p F1£14590) 5Bl
(1468 C-5(2.0) o4 600
caces E-1 (1400)
Examgple 15 | A-11 (5) | B2 (95) c-s( ) | D1 (1.10) £-2 (30)
-5 (2.0)
| E-4 (600)
B-3(85) | C-1(4.0) : -1 (1400)
| Brampte 16 | A125) | 5515 | o agy | D110 E:E-f(go(:)))
' B-3(85) | C-1(2.0) F-1 (1400).
| Example 17| A-12(5) | 55 5| G 60y | DL CHO) :iféﬁﬁ
| T ' TE-1(1400)
L B-3(30) | C-1(4.0) |
Example 18 A12 (5) B.5(70) | C2(50) D-1(1.10) EE-f(gooo))
1. B3(30) | C-6(4.0) | -1 (1400)
Fxample 19 A-]2 (&)] B-5(70) | C-2 (5..0) D=1 {1.10) ;;2&3000))
T | E-1(1400) _
Example 20 | A-12 (5) | B-5 (100) C1G0 | o) (1.10) E-2 (30)
B 2.0 - E-4 (600)
' B-3 (30) 04(46) | E-1 (1400)
Example 21 [ A-12(5) | 57 S8 | &y (s.gy | D-LCL1O) ;fm
- | E-4 (600)
B-3 (40) 'C-6 (4.0) E-1 (1400)
Bxample 22 | A-12.5) | pecos | Gp sy | D1A10) | E2(30)
E-4 (600)
| B-3(30) | C-1(7.0 E-1 (1400)
EmmﬂBAﬂﬁ)Bﬂm)CQEJ D-1 (1.10) E-2 (30)
E-4 (600)
B-3(30) | C-1(7.0) E-1(1400)
Example 24 | A-12(5) | 5y (o0 | o5 20y | DL -1O) E-2 (30)
E-4 (600)
F-1 (140)
Example 25 | A-13 (5) | B-5 (100) g; gg; D-1(1.10) E-2 (30)
E-4 (600)
[0163]
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Exanple 23 A-12 (5) B3 (30) G-1 (7.0) D1 (1.10) E-2
(30) B-4 (70) C-2 (2.0) E-4 (600)

C-1(7.0) E-1 (140)

E-1 (1400)
24 A-12 (5) BB--34 (70) (30) CG-5 5 -
(1.10) E-2 (30) E-4 (600)

(2(7.

Exanpl e
.0) D1
Exanpl e

0)

25 A-13 (5) B-5 (100) G2 (2.0) D-1 (1.10) E-2 (30)

E-4(600) [0163] 77 Table 5 Acid Nitrogen Pol ymer
Resi n cont ai ni ng Sol vent T+ }ﬁ% 5( B) g (O tor conpound
(E) (D) part) (part) (r;-“F1I (=) rt) (part C1 (3 0)
E-1 (1400] Exanple 26A12 (5) B SikdQQ) <“2(2 0)
D1 (1.10 PEI (30)p 4. BYdE- 4 g“
Exanpl e 2] ALY (5)" B Zg@ﬁb)at@'- §>(2 1
(1.10) E- - 4 ¢ @&y (2. (1400) ¢
Exanpl e 28 A-12 (5) Be 100)" C- 2 (4@) D1 (1. 10) E-2
(30) ©5 12ghnE 4<E>%‘6°) S0 210) Fab (1190) @a
(30) B [600) 4 (a3 N IR IS = v TN
Example 26 | A-12 (5) | B-5(100)| C-2(2.0) | D-1(1.10) E-2 (30)
C-6 (4.5) E-4 (600)
' E-1 (1400)
C-1(7.0)
Example 27 | A-12 (5) | B-5 (100)| <, 2.0) D-1 (1.10) E-2 (30)
' E-4 (600)
| - C-7(2.0) ‘ E-1 (1400)
Example 28 | A-12 (5) | B-6 (100) | C-2 (4.0) | D-1(1.10) E-2 (30)
C-5(2.0) E-4 (600)
: o700 - E-1 (1400)
Example 29 | A-12 (5) | B-6 (100) 0:2 Eéo% D-1(1.10) E-2 (30)
O E-4(600)
o E-1 (1400)
E le 30 | A-12 C-13.0)
xample 3 A-12 (5) | B-6 (100) C-7 (4.0) D-1(1.10) E-2(30).
- - ' \ E-4 (600)
E-1 (1400)
. - C-1(1.5) | - |
Example 31 | A-13 (5) | B-1(100) | ) (6.0) D-1(1.10) |  E-2(30)
' ' ' E-4 (600)
‘ - E-1 (1400)
C-1(1.5)
Example 32 [ A-12(5) | B-1(100)| > 6.0) D-1(1.10) E-2 (30)
| ' E-4 (600)
E-1 (1400)
Example 33 | A-12 (5) | B-7 (100) | C-7(7.5) | D-1(1.10) E-2 (30)
E-4 (600)
E-1 (1400)
Example 34 | A-12 (5) | B-7 (100) | C-6(7.0) | D-1(1.10) E-2 (30)
E-4 (600)
Comparative C-1(1.5) E-1(1400)
Example 1 - |BLA0D) o5 60y | D1(063) E-2 (30)
. E-1 (1400)
Comparative : C-4 (6.5)
Example 2 - B-2(100) | 2.0 D-1(1.10) E-2 (30)
E-4 (600)
[0164]
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E—l (1400) Exanple 30 A-12 (5) B-6 (100) C1 (3.0)
C7 (4.0) D1(1.10) E-2 (30). E-4 (600) E-1 (1400)
Example 31 A-13 (5) B-1 (100) CG1 (1.5) G2 (6.0) D1
(1.10) E-2 (30) E-4 (600) E-1 (1400) Exanple 32 A-12
(5 B-1(100) CG1 (1.5 G2 (6.0) D1 (1.10) E-2 (30)
'E-4 (600) E-1 (1400) Exanple 33 A-12 (5) B-7 (100)
C7 (7.5 D1 (1.10) E-2 (30) E-4 (600) E-1 (1400)

Ex aPptads 88tha-atid ge@raﬂ)r 1C}, Dty ge-c6niaining cdapuid 1D) ahd sdlvent
(30) E-4 (1600 nparativ Exanple e B-1 (100) G2
,(E)(SQOW)l inTabl¢3 85) aIEES ﬁoIICMS) ) In theTlabloJipartCimtpaschon weight

B-2 (100) C-4 (6.5) D1 (1.10) E-2 (30) Exanple 2 G5
unless @herwise ingjogyd. [ 0164] 78 Details of the acid
generator Q). nitrogen-containing conmpound (D) and
1§} grappator %) shown |n Tables 3 to 5 are as follows. In

: "part” based on ght unl ess
(€ éymgﬁ syl fomun o @%P%u&@ﬁ%ﬂm%ﬂétﬁ (Q> (C1):
(C ]2- 1-&%‘ %ll%l}ély}cla% Wt n 2 a l p%elrl]lu?ﬁJ It)ea Sgr%-n- ntgltleesulfonate
(C-3) Compound represented by the following formula

0
Osg” “CF,

N EF,
o5:CF)
©

sasl
(C-4): Triphenylsulfonium 2-(bicyclc_) [2.2.1Thept-2"-y1)-1,1,2,2-
tetrafluoroethanesulfonate
(C-5): 1—(4—n—butoxynaphthyl)tetrahydrtyﬂiiophenium 2-(bicyclo[2.2.1]hept-2’-y1)-
1,1,2,2- tetraﬂuoroethanesulfonate
(C-6): 4-cyclohexylpheny1dlphenylsulfonlum nonaﬂuoro-n—butanesulfonate
(C-7): Triphenylsulfonium 2-(blcycl_o [2 ._2. 1 Thept-2’-yl)-1,1-difluoroethanesulfonate
<Nitrogen-containing compound (D)7>. .
(D-1): N-t-butoxycarbonyl-4-hydroxypiperidine
<Solvent (E)>
(E-1): Propylene glycol monomethyl ether acetate
(E-2): y-butyrolactone
(E-3): Ethyl lactate
(E-4): Cyclohexanone
[0165]
<Evaluation of radiation-sensitive resin compositions>

The radiation-sensitive compositions according to Examples 1 to 13 and
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(G 2): 1-(4-n-butoxynaphthyl)tetrahydrothi opheni um

per fl uoro-n- butanesul fonate (C 3) Conpound

represented by the following formula 1Q~ C SOCF2 | N

F2 \\ S+ + C,SC (CG4): Triphenylsul fonium

2-(bicyclo[2.2.1] hept-2'-yl)-1,1, 2, 2-

tetrafl uoroet hanesul fonate (G 5):

1- (4- n- but oxynapht hyl ) t et rahydr ot hi opheni um 2- (bi cycl o
Exgples 21 td eptd QompdritivelExample 1 were subjected to evaluation (1) to (4)

1,2,2-tetrafl uoroet hanesul fonate (C 6):
indicateddielve x Rgshlingf the pradvations pfeshipwmin Tables 6 and 7.

nonaf | uor o- n- but anesul fonate (C-.7): Triphenyl sul fonium

2- ( b1 ¥ditian, flp rpdiation-prasitive compysitians agcording 0 Examples 14 and

- <

s sy B v e 6 AT 5, 0 oy

ol R BRI e, Cele
?éﬁ%%’a‘ﬁ% F%ij%lo?j_sggﬁltlwﬁpﬁt}ogr‘ Xg‘g):zn:g ’_{lc_) ﬁxan(np":fes ?6 to 20
n-se
e Sé‘?’ e o EEon/ D LA FPRRY b RE rshfs of s xppation

79 Exanples 21 to 34 and Con'par ative
areé)lz&&nﬂiﬁTib@%%re subjected to evaluation (1) to (4)

[01'6 ]jl cated bel ow. Results of the eval uati ons are shown
Tables 6 and 7. In addition, the

rad'lrﬁéb 1- H%&@?ﬁv@&@@é’ﬁa‘%ﬁ.ﬁs according to Exanpl es

14 and and nparative anpl e 2 were subjected

(1)tp1e§§{@éﬂ4aﬁbpelu(ea)am&%i and (5) to (8) below. Results

of the evaluations are shown in Table 8. Further, the
r adiAg0l @R x SORE équ!ﬁ% SR BilbeP e Bf GRRGI tﬁﬁkﬁ&s Ei(ﬁmﬂuﬁs

(ma];n?lfatlc?urig by Kureha Elastomer Co., Ltd.), of which the center was cut out in the
form of a disk with a diameter of 11.3 cm was 'superposed on the center of an 8-inch
silicon wafer 3 which was previously treated wﬂh HMDS (hexamethyldisilazane) 31 .at
100°C for 60 seconds using “CLEAN TRACK ACT 8” (manufactured by Tokyo
Electron, Lid.), as éhown in Figﬁre 1. Subsequently, the cutout area at the center of the
silicone rubber sheet was filled with 10 mL of ultra pure water 5 using a 10-mL transfer
pipette.

After that, a silicon wafer 6 having an underlayer antireflection film 61 w1th a
thicknesses of 77 nm (“ARC29A” manufactured by Bruwer Science) formed using
“CLEAN TRACK ACT 87, and a resist film 62 with a thicknesses of 205 nm formed by
applying resist compositions shown in Tables 3 and 5 on the underlayer antireflection
film 61 by spin coating using “CLEAN TRACK ACT 8” and baking at 115°C for 60
seconds, was superposed on the above-mentioned silicone rubber sheet 14 in a manner

such that the resist coating surface comes in contact with the above-mentioned ultra

pure water 5, and the ultra pure water 5 does not leak from the silicon rubber sheet 4.
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were subjected to evaluation (1), (2) and (9) to (12)
bel ow. Results of the evaluations are shown in Table
9. [0166] The eval uation nethods were as follows. (1)
Measurenent of eluted ampbunt A 30 cm x 30 cm square
silicone rubber sheet 4 with a thickness of 1.0 mm
(manuf actured by Kureha El astoner Co., Ltd.), of which
the center was cut out in the formof a disk with a
di ai@®seondd wirk.hidldedhasdiss,.smd eiquohe dbor-héreioned 8-anchodilicom
8-inch silicon wafer 3 which was previously treated
wafdrlﬁhvaﬂl\vaﬁo(/ehbamlrthc higlagiusd Watenh @s)as Bdllexted D glass pette for
seconds using "CLEAN TRACK ACT 8" (manufactured by
useTasiaompls ¢ apaysis. Lt theyrecaysrstatswf theyulagurewater after the
Subsequent the cutout area at the center of the
exprineabas 9@%5’@@@'ﬁeet was filled with 10 mL of ul t ra

pur e wat er ? using a 10-nL transfer _ pipette. Aft
t haNeXTaﬂ?l qoflegpd SWHEY Ay SEeCtaffe A TagAsprement of LC-MS

oS wmm% 08 ol b
o SR LAt o M o @*“%‘L o
oIl B e

ol RS o P PR 08 e
aqt?é&ﬁfgola‘tl%ﬂs %oﬁ'tafn%%% tracﬁé{fclﬁ s{ Eﬁtlvé Q& 8§éra°t5r %t%hée%&aﬁons of

surtace conmes I n act w he a I one

lpH tf(}ap HOHIE@IUW}% wéen%ﬁgurk@ggﬁéer A %@E@oﬂéﬁ%&{s tgpﬂa‘fyﬁl%a )

e silicon eet 4

C&lﬂﬁ&tw I e&hl %hﬂ@djarﬁ&lﬂt tas Salc@RR RN tHh®ove peak 1nten51ty

above-nenti oned 8-inch silicon wafer 6 was renpved

usiafthi$ Efibkdtioh@ublél € INBle@hm® n¥isierC Hel (REE Bferidfich 8 Aqptbass '
pipette for use as a sanple for anal ysis. The

solugeBMEye doid Giffubioh Rentdbllc at quhcentyidioas off Wd 10R@b, and 100 ppb
experinment. was 95% or nore. Next, the collected ultra

wepheasumdemduethe sarhy emidittbrisdo areprestatibrlion ofrve.C- e eluted
using a liquid chromatograph nmass spectroneter having

amb@ﬁl'dfﬂﬁ dciddiffusen wbsicdller sas calculated from the above peak intensity

usn}g th;s calibration curve. The evaluatlon critetia were as “Good_” when the eluted.

amountwas 5.0 x 10™ mol/em®/sec or more, and as “Bad” when the amount was less

than that. |

[0167]

(Column conditions)

Column: One column of “CAPCELL PAK MG” manufactured by Shiseido Co., Ltd.

Flow rate: 0.2 mL/min.

Eluate: A 3:7 mixture of water and methanol, with 0.1% by weight of formic acid added

Measurement temperature: 35°C

[0168]

(2) Measurement of receding contact angle
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by AGI LENT Corp for LC section, and "Mariner"
manuf act ured by Perseptive Biosystens, Inc. for M5
section under the follow ng conditions to obtain the
peak intensity of an anion part of the acid
generator. In this instance, peak intensities of the
aqueous sol utions containing the radi ati on-sensitive
acid generator at concentrations of 1 ppb, 10 ppb,
andAfieofappitatingracsulrsizate (veafen) vdverein h éilmbyesdommddiith thes
to prepare a calibration curve. The eluted amobunt was
radiggioBsERgitee esin epmpesiivoysng SARAT Y epaniufagtured by KRUS, 4t was
calibration curve. In the sanme manner, the apeak
Promﬂﬂé(ﬁ%‘?aﬂlréé abjoogigEwerture §237E) wfshusridity ef 43%dmder atmospheric
dlfoSI on er at concentratlons of 1 ppb, 10
Preﬁ%’Bea‘%SH tES?)g) llopdngpioeediiig-ed under the same
i tions to epar.e a calibration curve. The el uted
<1> iﬂlswaﬁfé‘%elpam&%f usi on controller was cal cul ated .
%ﬁ%n%t he. above Eeak intensity wusing this calibration
WHREORE 58St i on criteria were as "Good” when the
el unt was 5.0 x 10-12 nol /cnR/sec or nore,
<3>aﬁ1§ar§eswat%5 a >the anobunt was less than that.

L SO,
<s¥ Lﬁé’& "Wket fro F‘h the %é&% Blito%&g%fer Idaa?m ﬁt Wa?erﬁ’lfo vvat er

ano y wel formc ac

| <6>a%ﬁﬁﬂraw\ﬁiéﬁb!&ﬁé‘§8ﬁ1th@%€eh%?act 35C [0168] (2)

Measurenent of receding con angle 81 After

| <7ﬁ AlecE Md RGR a3HiASH bRl R sl Bubicshiegn a fil mwas

formed with thé radiation-sensitive resin conposition

<8 SikdRG1p WAér frdifl thdTdetledret 90 Stohds dfRYSe oif 10 WRFMinindRlthy
~ measur ed at roomtenperature (23C) and hum dity of 45%

samulae, radaaiephecitact piigle shiécevepeatohd@otaboft diatihed)) 48 ng
procedure. <1> Adjust the wafer stage position, <2>
<Os gitirtingdronm fhertinonwhers tha aeeasured contact angle values are stabilized, the

contact angles at 20 points are measured and averaged to obtain the réceding contact
angle. : |

[0169]

(3) Sensitivity (i)

A 12-inch silicon wafer on which an underlayer antireflection film with a
thickness of 77 nm (“ARC29A” manufactured by Bruwer Science) had been formed
was used as a substrate. For fabricating this underlayer antireflection film, “CLEAN
TRACK ACT 8” (manufactured by Tokyo Electron Ltd.) was used.

Subsequently, the resin compositions shown in Tables 3 to 5 (Examples 1 to 13,
Examples 21 to 34, and Comparative Example 1) were subjected to spin coating onto
the above-mentioned substrate using the “CLEAN TRACK ACT 8” and baking (PB)
under the conditions shown in Tables 6 and 7 to form resist films with a thickness of

205 nm. The resist films were exposed to radiation through a patterned mask using an
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<3> charge water to a needle, <4> mnutely adjust the
needl e position, <5> inject water fromthe needle onto
the wafer to forma 25-L waterdrop, <6> withdraw the
needl e fromthe waterdrop, <7> replace the needle
again to the position adjusted in <4> <8> suck up
water fromthe needle for 90 seconds at a rate of 10
gL/m n and, at the sanme tine, neasure the contact
ArBeglimeplaser ezpesuye sppacand ((NSRB306C” athnufacesgd byaNitosCorp.,
starting fromthe tine when the neasured contact angle
illunghatog canditiohs VAT 88 signiee=0.936h 6%t Aftey ke, BB 88s carried out
ﬁi nts are neasured and averaged to obtain the
unges ghedionditioos sheytn indiables 6 ahd 769 he ¢3ist Bbm svas idevealgpediay 2X°C
12-inch silicon wafer on which an underl ayer
for 3Rtspecadp Bra tegampthylannenrum hydrixéderapsowstsolutiopst a
(" ARCR29A" maguf actured by Bruwer Science) had been_,
coregptratipn af <3 Sire By weight %ﬁ%é Vith vaterandrdzis te farmyypasttive-tone
under |l ayer antireflection film . "CLEAN TRACK ACI 8!
resiShERIF At SRRy FSRBrEfRse af gf#ﬁ@tadl.:i pg-andreage (IL1S)

o ST e 5 e FORAS 50 o8 U "B
oGRSt SR B PSR P18 DR 00
Cofhilind R B S0P URTRR )  uncer, he conditons

'[Oltﬂjhkness of 205 nm The resist filnms were exposed to
~radi ation through a patterned mask using an 82 ArF

, 'érgg_ : : pparatus ("NSR S306C" |
(4)%%3 accglh?é;lg[l%@ fﬁi cgnﬁe rp., illumnating conditions:
NA=@h¢ Sross e ABTA sﬂ%{e 8 3ne-alilsphcelfagbm AEB: WRS width bF 96/ nm
out .under the conditions shown in Tables 6 and 7. The

obthRed i (3) bbiWewass iH§eelaRsfgaB-R80° nhatifadlredasM@ihi N a

t et ramet hyl ammoni um hydr oxi de aqueous solution at.a

HigloTehnblogles Qor@iatdni8thdayuratiecdite, wideshies: e hiid e bethe resist
and dried to forma positive-tone resist pattern. An

pattepi huidithte dixp mdthia(hnﬂ& igipemparcor the filrd atdopding el FigPac €The
critEall'i; %va? Zietermined'as “Good” when 0.9<(La-Lb)/Lb<1.1 was satisfied, --aﬁd: :
otherwise as “Bad”. -' o
[0171]

(5) Sensitivity (ii) (liquid imlnersion lithography)

A 12-inch silicon wafer on which an underlayer antireflection film with a
thickness of 77 nm (“ARC29A” manufactured bleruwer Science) had been fonﬁed
was used as a substrate. For fabricating this underlayer antireflection film, “CLEAN
TRACK ACT 12” (manufactured by Tokyo Electron Ltd.) was used.

Subsequently, the resin compositions shown in Tables 4 and 5 (Examples 14 and
15, and Comparative Example 2) were subjected to spin coating onto the

above-mentioned substrate using the “CLEAN TRACK ACT 12” and baking (PB)

under the conditions shown in Table 8 to form resist films with a thickness of 120 nm.
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pattern wwth a line width of 90 nm was forned was
taken as sensitivity (i). A scanning electron
m croscope ("5-9380" manufactured by Hitachi
Hi gh- Technol ogi es Corporation) was used for the
- measurenent. [0170] (4) Cross-sectional shape (i) of
pattern The cross-sectional shape of a |ine-and-space
pattern with a line width of 90 rim obtained in (3)
The msise filmas wetesppeted do tasliatipn tigongio @ patteaned maskiraldr thy
H tachi__Hi %h-TechnoI o%i es Corporation to neasure the_
conditiens\gf = DLBSaco/ohe O/odHT anddippledlumisiation uging awArF exaimer
the lline width La at the upper part of the film
lasgr s e OTIERgORIe amperates (- ASMIaARAS imarufasitsddy ASML)
" Good" when,0.9< (La-lb)/Lb< 1.1 s satjsfied, and
P%%FW%S&SQQ%%@&FGIF@F}WM msgi ganthe gesyst %ﬁce and the

o B AR S R M o
undg o O Bhsibairtablad  seetatinaseiobts a8 E o0
LA AN 0 A
A B e P B

R e R R e S S A R T

widROEKs ﬁfﬁTwaszfl'bnﬁ&fijﬂ&k&Qas( égﬁgitivﬁ')?élﬁ.r ANRamBRSILIELRRS

shown in Table 8 to formresist Tri'ne wth a thickness

mi&tbschgl (TH3HB nldarichrbEby Hithél MBh- TSRS ERporation) was

radi-ati on through a patterned mask under 't he

uscddoeihk ngsasureieM™A = 0. 85, ao/al= 0.96/0.7 and dipol e

illumnation using an ArF excinmer - laser liquid
[01i7@frer si on exposure apparatus ("ASM. AT1250i"
manufactured by ASM.). Pure water was used as an

'(6)i Pepth of focuk (IQOFY medi um bet ween the resist surface and
- . the lens of the liquid imrersion |ithographic

i nsArlineemd-spadet pattetrh@L ] SP&EEh wdine cddthiocf 65 aut was/foreed irhthe
conditions shown in Table 8. The resist fil mwas

sangeRanmss @8l inaS) 2ayef oln $is instance, the exposure dose required for forming
- 1_:he line-and-space pattern having 1:1 line width, which is the depth of focus

.performance (DOF performance) at the sensitivity (optimal exposure dose) shown in

Table 8, was measured using scanning electron microscope (“S-9380” manufactured by
Hitachi High-Technologies Corporation).

[0173]

(N Cross-sect_ional shape (i) of pattern (liquid immersion lithography)

The cross-sectional shape of a line-and-space pattern with a line width of 65 nm
obtained in the same manner as (5) above was inspected using “S-4800” manufactured
by Hitachi High-Technologies Corporation to measure the line width Lb at the middle
of the resist pattern and the line width La at the upper part of the film according to Fig.2.

The criteria was determined as “Good” when 0.9<(La-Lb)/Lb<1.1 was satisfied, and
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seconds in a tetranet hyl anmoni um hydr oxi de aqueous
solution at a concentration of 2.38% by weight,
washed with water, and dried to forma positive-tone
resist pattern. An optinum exposure dose at which a
1:1 line-and-space (1 L IS) pattern wwth a line wdth
of 65 nmwas forned was taken as sensitivity (ii). A
scanning el ectron mcroscope ("S-9380" nmanufactured
othprwib asddad” Hi gh- Technol ogi es Corporation) was used
for the neasurenent. [0172] (6) Depth of focus (DOF)
[01Z4] i ne- and- space pattern (1 L 1 S) with a line width
of 65 nmwas forned in the sanme manner as in f)
8) é‘{}w@r of defests Gnumber aheraall bridgeetype defrets and Bumbeyif Magermark
for formng the line-and-space pattern having 1:1
defF‘ft??e wi dth, which is the depth of focus performance
sensitivity (optimal_ expgsure

dos gerforﬁgnc‘f% g;%a, chgadnderiaysr arfirg ?‘i’ﬁ’@nﬁé‘é‘ﬁﬁuﬂhﬁ
thidiness of??mf‘%ﬁ?@"ﬁ%oé\érﬁﬁ% sﬂja”%&%" CHéngg) il beeh Foted
‘Waﬁﬁ%éragaﬁﬁbﬁfﬁa”a' SR RGirt R BB B Prbrboh S, AN
T |'C{]§%§ﬂg[2’iﬁ uf&%i:#r?? Tr‘%grlfghﬁec %’gi‘t% \a/lseuvvas6|5n2:3nect ed

usi (?he‘ﬁﬁ O[he fggﬂlcu‘% ‘Bgiogft ©tls s Tt 3B1L 4 and 5 (Examples 14 and

H g e ‘ogi es | on to neasure

15, \@fné U&n{ﬂa:eft‘ﬁ/e 'Eﬁﬁmﬂle% hgerObutidieed t%%Pﬁl: e eﬁ‘i?é ﬁﬂr%g gand the

I'ine wirdth La at"thé upper~part o accordl ng

abdv@ rérfioRed suEB@ats hgﬂg il A GRS K NRTT 88 addiRing ey

0.9< (La-Lb)/ was satisfied, and 84 ot hervxn se
undR$ the%ﬁdmoni Qibﬁ‘h] in(18ble/tB1TSim RistfREHEh b AMEIREs O 150 nm.
smal | bridge-type defects and number of watermark :
Thelebeciis werd 2xpared ictaldiation thwehg a patterddidahaskunder the
underl ayer antireflection filmwth a thickness of 77
- conditions ARN20AD. Sﬁmmﬂnfslae 096407 dundBintier 1118m1ﬁa1m)ush1gdnma€n
formed
excimer laser liquid immersion exposure apparatus (“ASML AT1250i” manufactured by

ASML). Pure water was used as an immers;idl; liquid medium between the resist

. surface and the lé_ns_o'f-the liquid inunersioﬁ_-l_ithographic instrument. After that, PEB

was carried out under the conditions shownin Table 8. The resist film was developed
at 23°C for 60 seconds in a tetramethylammonium hydroxide aqueous solution at a

concentration of 2.38% by weight, washed with water, and dried to form a positive-tone

~ resist pattern. An optimum exposure dose at which a 1:1 line-and-space (1L18S)

pattern with a line width of 100 nm was formed was taken as sensitivity. A scanning
electron microscope (“S-9380” manufactured by Hitachi High-Technologies
Corporation) was used for the measurement.

After that, the number of defects on the line-and-space (11.15) pattern with a line
width of 100 nm was measured using “KLA2351” manufactured by KLA-Tencor Corp.

In addition, the defects measured by “KILLA2351” were observed using a scanning
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was used as a substrate. For fabricating this

underl ayer antireflection film "CLEAN TRACK ACT 12"

(manuf actured by Tokyo Electron Ltd.) was used,

Subsequently, the resin conpositions shown in Tables 4

and 5 (Exanples 14 and 15, and Conparative Exanple 2)

were subjected to spin coating onto the

above-nmentioned substrate using the "CLEAN TRACK ACT
eleqipon mivdossaps (§-9388} maunfieturedtey Hisandi HighnBechhalugies forp.) to

Table 8 to formresist films with a thickness of 150
clagpifly therdefeets dite small pridganepe defepis sad watsrmarki def¢ctmwhich is

through a patterned mask under the conditions of NA =
thopglydo be griginating Hemexpesusnte Arrrxcmerilasen by Havid ommessiony

I mrer.si on_exposure

.,an F .exciner laser |iquj )
lithgisaini EhreRioLTa SHSOT™ At { KheSEPob OB dofit s
wat.er. was used as an i.nmersion |iquid di um bet wee
tYDF Ayt B Ca8 i PRreaedhin "OBASSRESIER foHE S Hfr et wihout
i rsion,l.ithographic i.nstr nf. After that, PEB
ﬁ“%rrgﬁ%%ﬁaﬁ? befwst H’ﬁﬁgsé?t SPﬁ%ce&?ﬁgﬁet \te%s shown in Table 8.
[OIJ;EF resist filmwas devel oped at 23C for 60 seconds
i'f’ a tetranet hyl ammoni um hydr oxi de aqueous sol uti on at

.yation of 2.38% by weight, washed with
(9)\%/5{1%?{,}&%2‘2@ dried to forma positive-tone resist

Pat helincifQioH %ﬁég)&m%‘%m%ﬁfyﬁ? ohedioR flmlyitya

| i ne-and-space pattern wt'h aline w

thidkRe Y6t 77 TP ARES A Ak Sl fAcueg ‘Bziaﬂrh%lalt S’cielﬁefﬁiéﬂﬁe? g%rlg]rlled

el ectron m croscope ("5-9380" nufactured b

was 1025 QGHRRRYI For FBRERM AhisAbteMBRr HaeAGion i, “CLEAN

measurenent. After that, the nunbér of defects on the

TRAICIEAGTULS Ri@aufhdtuidd) byPFikle Blectioh ILtd) Waigsedw- dt h of
100 nmwas neasured using "KLA2351" nmanuf actured by

KL ASulssequentlGah@resin dongiddition® shovirhia TableeC(Exanpis U666 20y
"KLA2351" ‘were observed using a scanning 85 el ectron

werd subjested pesgitl beARFWhtowhe ubewct- mentibriey stbstrathisidg thé “CLEAN
- Technol ogi.es Corp.) to classify the defects into
TRaGH ACHY iXlged bylieg (B awtdsr thedonditiennshoknde Tellt § tadioratresist
is thought to be originating fromexposure to ArF
filrescwithra thicknees ofol20iringui Bhe resist Blsrwert exprsgd toptagiatizh girough 2
results. were shown in Table 8. The small bridge-type
patiggedanaskginder thg pendifionged 8t =0k odain= BP60hXeanddipeln
.. nqrnal exposure to ArE excinmer laser without fillin
illumipatiop sweger il s laseiiiqd Sumprion exResurn appasrus (“ASML
AT1250i” manufactured by ASML). Pure water was used as an immersion liquid
medium between the resist surface and the lens of the liquid immersion lithographic
instrument. After that, PEB was carried out under the conditions shown in Table 9.
The resist film was developed at 23°C for 60 seconds in a tetramethylammonium
hydroxide aqueous solution at a concentration of 2.38% by weight, washed with water,
and dried to form a positive-tone resist pattern. An optimum exposure dose at which a
1:1 line-and-space (1L18) pattern with a line width of 75 nm was formed was taken as
sensitivity. A scanning electron microscope (“S-9380” manufactured by Hitachi

High-Technologies Corporation) was used for the measurement.
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[0175] (9) Sensitivity (iii) A 12-inch silicon wafer
on which an underl ayer antireflection filmwth a
t hi ckness of 77 nm (" ARC29A" manuf actured by Bruwer
Sci ence) had been forned was used as a substrate. For
fabricating this underlayer antireflection film
"CLEAN TRACK ACT 12" (manufactured by Tokyo El ectron
Ltd.) was used. Subsequently, the resin conpositions
[01g8bwn in Table 4 (Exanples 16 to 20) were subjected
to spin coating onto the above-nentioned substrate
(1) Sirpy-sepfeonalrlmpR (i pAERttexCT 12" and baki ng (PB) under
the_conditions shown in Table 9 to formresist filns
wi t Aba cions-sqetiend shapef@ lagrandripageqittsm with adinguaidih of 75 nm
exposed.to radiation through atterned mask. under
obtaig élbg(’a iag‘i’@n‘é{asdflsﬂwe‘-‘ “@%ngg‘,s"‘@@i)gmaﬁ csrdonyAditaghy

Higl’lifﬁ‘%qo lhegplgig{elé;g'é]q?%tléo%gtﬁulmg n\%ﬁgﬁ]e( HArMF %hﬁé@%%ﬁ%h loifgn%i rgsist
fact d. . P t .
patfand i g = ardi ke Eetitobhe B8 oraEel B amve
2 L i qui d. . Tt h .
i g et M ST 3128 L R iR,
otht %g‘%g »shown in Table 9. The resist filmwas
evel oped at 23C for 60 seconds in a
[01t7q ranmet hyl anmoni um hydr oxi de aqueous sol ution at a
concentration of 2.38% by wei ght, washed with water,

(113 BdpsukEatod fEANHM @ positive-tone resist pattern. An
opt1 mum exposure dose at which a 1:1 |ine-and-space

(1LASp-ipek biiesh Which oAt whidhanrdehayRd arffreNBnMRTiOKHRS

. was taken as sensitivity. A scanning electron

thi¢RnessOEFTREn (“ARMB3GRAnulRRE@BY RoBA 4 Hab Al been formed was
H gh- Technol ogi es Corporation) was used for -the

useded agobirrd. . Fob fAitdilg thishihdeliyes antireflédtiondllms NEPEAN
(iii) of pattern The cross-sectional shape of a

TRIACGIe AAA R Spenefapar¢dEnTolivolElecttoniad Wvdis laseafl. 75 nm
obtained in (9) above was inspected using "5-4800"
manSabsequangly, the redin eosipositidng khobacinoblgt Exabplgsd6a 2N

- to neasure the line wwdth Lb at the mddle of the

weregstibjeeted i spie coatingnthihe abaec-medtioned subsiratthusingthe  CLEAN

part of the filmaccording to Fi gtz. The - -
TRACK ACT 8” (manufactured by Tokyo Electron Ltd.) and baking (PB) under the

LT

conditions shown in Table 9 to form resist films with a thickness of 160 nm. The resist
films were exposed to radiation through a patterned mask undef the conditions of NA =
0.78, o¢/c1 = 0.90/0.47 and dipoleX illumination using an ArF excimer laser exposure _
apparatus (“Nikon NSR $306C” manufactured by Nicon Corp.). After that, PEB was
carried out under the conditions shown in Table 9. The resist film was developed at
23°C for 60 seconds in a tetramethylammonium hydroxide aqueous solution at a
concentration of 2.38% by weight, washed with water, and dried to form a positive-tone
resist pattern.  The exposure margin (EL) was determined by dividing the difference of
the exposure dose at which a pattern with a line width of 75 nm -10% was formed and

the exposure dose at which a pattern with a line width of 75 nm +10% was formed by
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Cri ter| a was determ ned as Good" when
0.9< (La-Lb)/Lb<_ 1.1 was satisfied, and otherw se as
"Bad". [0177] @(11) Exposure margin (EL) A 12-inch
silicon wafer on which an underlayer antireflection
filmwith a thickness of 77 nm ("AR46" manuf act ured
by Rohm and Haas) had been forned was used as a
substrate. For fabricating this underlayer
theamposued desetat whichia pattetnGirEAbling RAGK oACT nBi, in the line-and-space
(manufactured by Tokyo Electron Ltd.) was used.
(113:Sb yetmplmfomng ehprnsst witharpssiidfhors/ SsownThaexpatire mrgin
(Exanples 16 to 20) were subjected to spin coating
(EI&W@ qvaatgd @9 eBaghwheibe velub stas dase thisi ¥ andes “@Q@&then
TRACK ACT 8" (manuf actured by Tokyo Electron Ltd.) and
lo%émmfge( Piscaning cleqtion reisiagenedn %9§&Q>’§mamufacran§ﬂ@yéhta@hl

resist films, th a ess of 160 nm The
I'ﬁ%hei«? ologiep (OrRpEstio éed{] t{%ﬁwamaaﬁewn% hrough a

01@ t erned mask under the conditions of NA = 0.78,
[ 61= 0.90/0.47 and dipoIeXiIIurn'nation using an ArF

ner. | aser exposure apparatus ("N kon NSR S306C'
(12%%3}?%5 NEPE®hy Nicon Corp.). After that, PEB was

ST S SR i

ol S ALY TR f!l%%%(}g%%g?a- AN
fi T

Gof 5 D1V ALD AR LRBE A ESI R ST

hnéib.lfuf %&‘é@ @mcsf) paftd}B-r6rRAs nger&%%m aWHeSHidth stlﬁﬁ.n The

I'ne width of 75 10% was forned an

colﬁgﬁ’iﬁg 'ﬁ{ ]ﬂQﬁa@. e@hludbl 69“Bad?al i@l the Wishifng vhiub §vaWi1 qt 6} 1esfs
nm +1 % was formed.by 87 the exposure dose at h

as ‘G’ tvitleh tHé VAlu@whd 1@ ovidirdl OA sddaniBeldciroh Iiiﬁcroscope
| i ne-and-space (1L1 S) pattern-form ng experinent
(“Sv9380” alanafacinirett by Hftadfﬁ High-Tddi@oRse lofgoramdrg iwns ubdd for the
was eval uat ed as "Bad" when the val ue was | ess than
. meS¥dreragrd. as " Good" when 10% or nore. A scanning
el ectron microscope ("S-9380" manufactured by Hitachi
[0IAPBh- Technol ogi es Corporation) was used for t he
measurenment. [0178]
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t hat

dose for formng a

1:1 line-and-space (1 L1 S) pattern with a line width
I'i ne- and- space (1Ll S)

determ ned by dividing the maxi num exposure dose
in the

can maintain the line at the center of the pattern

(12) Col I apsing nargin'The col I apsi ng margi n was

wi t hout col |l apsing by the exposure

of 75 nm
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n be seen from Tables 6 and 7, the
radi ati on-sensitive resin conposition for liquid
i mrersion |ithography to which the fluorine-containing
pol Hean beyeen firomhEables eaehi, themadiativonensitiwddsn composition for
. produces a resist filmwhich elutes only a smal
liquigdmmerssen lithogrpleiorwhich therfluoringgpatainingpoliinet(A)d the
resi st cones .in contact upon Igggid I mer sion

prepent HygREQMIS addechptoduces 4 resighilmartieh plytes opbacimalhgneynt of
and prqduces ap excellent pattern shape. The resin .

COTERRATBSIR Ique(f wih stitine gbept S9mEHn; ‘i‘?ﬁ%ﬁ yion lqypdeinupersion

lithtpEJgip ﬁp?f?\aéeas%%gh retcggipxg %(l)z%g& ang I_e,C ar;ldl psro ucréls gltl g}E{‘le feﬂ% pIaPtem
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shape. The resin composition is expected to play an important role in the lithographic
technology which is miniaturized in the future.
[0184] |
In addition, as can be seen from the results shown in Table 8, the
radiation-sensitive résin compbsition for liquid immersion litho graphy to which the
 fluorine-containing polymer (A) of the present invention is added produces a resist film
which elutes only a small amount of components in the liquid with which the resist
comes in contact upon liquid immersion lithography, provides a high receding contact
angle, and exhibits eﬁcellent resist performance (sensitiﬁty, depth t.)f‘foc_us, pattern
profile) in an experiment using an actual immersion sc'ar_lm'ng stepper. The resist film
was confirmed to have an effect of significantly reducing watermark defects which are
through to be o1rigin_a.t:‘ing.=,r from an ArF immersion scanning stepper. - In regard to bridge
defects resulting from the resist itself, theré is no Si gniﬁcant‘ differenée between the
resist made from the radiation-sensitive resin composition for liquid immersion
lithography of the present invention and a general resist, indicating that the resin
composition is suitably used in liquid immersion lithography and is expected to play an
important role in the lithographic technology which is miniaturized in the future.
[0185]
Furthermore, as can be seen from the results shown in Table 9, the
radiation-sensitive resin composition for liquid immersion lithography tb which the
fluorine-containing polymer (A) of the present invention is added produces a resist film

which elutes only a small amount of components in the liquid with which the resist
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[0184] In addition, as can be seen fromthe results
shown in Table 8, the radiation-sensitive resin
conmposition for liquid imersion |ithography to which
- the fluorine-containing polynmer (A) of the present
invention is added produces a resist film which
elutes only a small amount of conponents in the liquid
with which the resist comes in contact upon liquid
cothemmreshiact llponﬂiqgitﬁph‘yersipn ditiogeaphy, rpygldes ebighirengding contact
cont act ? and exhi bits excellent resist
anglerexbibita xesllestarsistiiedforpancy pmbitiyity.fretier, prpfle) wran
profile) in an experinment using an actual |nmmersion
CXPEEAIHE WHLS Mbppies] immessioniganping Slepperwa $he easist flmsiweig more
ve an effect of significantly reduci ng watermark
exc&ﬁ weﬂlrgfr@rgm ﬁ%e@wpslag Bargn; ¢ rasist filenefan

mﬁ?r‘%éﬁhg ig lﬁr@g %%V%tlhgt {hg@ lgtlc{ngﬁépr@'tlggreq%@
ni f bet
corpp@idn i Sitaplly Lef ﬁ@é lﬁgﬁﬂrfeﬁg@ﬁﬂwﬁefﬁflﬁ&fipﬁf%ffﬁUPgﬁayan

mg%* FENOP k@“%ﬁf”éﬁ%@ﬁgﬁ Rl AR s 5,
13 T LS Rl Plhhd f R S b B AN i
oA TR0 TP A TR ol
to BESMADIS uSQPYn &J@a&&%ﬂ@%& adi ati on-sensitive

resin conposition for liquid inmersion |ithography to
whi ch the fluorine-containing polyner (A) of the
present invention is added produces a resist film

whi ch elutes only a small: anount of conponents in the
[iquid with which the resist 93 cones in contact upon
liquid inmrersion |ithography, provides -a high receding
contact angle, exhibits excellent resist perfornmance
(sensitivity, pattern profile) in an experinent using
an actual i mrersion scanning stepper. The resist filns
were nore excellent in the exposure margin and

col lapsing margin than the resist filns of

Conparative Exanples 1 and 2. It is thus shown that
the radi ation-sensitive resin_ conposition is suitably
used in liquid imrersion |ithography and is expected
to play an inportant role in the |ithographic

technol ogy which is mniaturized in the future.
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The polyners (A-12) and (A-13) in Table 2 was purified
by the liquid-liquid purification nmethod described in
(1'l1) above. The purification nethod is thus eval uated
to be suitably used in the manufacture of the resin.
94 CLAIMS 1. A fluorine-containing polymer for use in
a radi ation-sensitive resin conposition which is used
for formng a photoresist filmin a process of form ng
a resist pattern, includilngMSI|iquid inmmersion
|'i thographic process in which radiation is emtted
through a liquid having a refractive index |arger
than the refractive index of air at a wavelength of

L. 193A|ﬂﬁ0r1aﬁﬁoefémgg plEgenfor pea ineaadigtipr-pensiiive resi eomposition
phat or es film charac rized in that said

Whitqhuw 0{: ngd phytegest lﬁ@daracq%paﬁma@@rraag patern,

oA e ERSHEMTSE BB B
B PO R I S GBS A
ot 5 050 AR e SR s
ﬂm\&%htl'l it ﬁ%'&?lg‘:é@g & ﬁ&]{gﬁ lhgsr o&pgir%hﬁ%vem%e%qﬁ ]T(l %Eplﬂbzor a
detEﬁﬁJBédJQSF %ﬁﬁjﬁgﬁ%aé%@g@mﬁb%@% lgzgfé‘}ggg%ﬁ&%ﬁ 1089000 and a

- group, ranc al Ky

8difk Bonth@4hPI8 witH Waf éam;p et °

1ma |%Iy(():n| C hgldr ocar%orn&g ou avi nségtcH Hg%lf’ ca?g}n is 70" or
mogd. ONB, each containing at | east one fI uori ne atom or
a derivative thereof. 3. The fluorine-containing _

2. pol Yhefluaeseodohkdising Polfnddr Ebcbrdlh%i’o CHIN’ bShpikifg a repeating
repeating unit represent ed by the foll ow ng: general

~unit mpraskded By the%llsﬁ&mg*g@n&hﬂfonﬁﬂl)a (1),

R |
—Ec::—on—} -
T |

: 'II22

wherein R' represents hydrogen atom, methyl group or a trifluoromethyl group, A
represents a connecting group, and R? represents a linear or branched alkyl group |
having 1 to 6 carbon atoms or a monovalent alicyclic hydrocarbon group having 4 to 20
carbon atoms, each containing at least one fluorine atom, or a derivative thereof.

3. The fluorine-containing polymer according to Claim 1 or 2, comprising a

repeating unit represented by the following general formula (2),
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nmet hyl group or a trifluoronmethyl group, and R4

i ndividually represents a nonoval ent alicyclic

hydr ocar bon group having 4 to 20 carbon atons or a
derivative thereof, or a linear or branched al kyl
group having 1 to 4 carbon atons. 4. A

radi ati on-sensitive resin conposition characterized by
conprisingg2 he fl uori ne-containing polyner (A
accordi nghto any one of Clalns 1to 3, aresin (B)

havi ng gﬁq_aétable a radi ation-sensitive
aci d generpt 1 ni ogen cont ai ni ng conpound
(D) and a pskyent (E). 5. The radiation-sensitive
resin conpsition according to Caim4, wherein the
content ofysaid fluorine-containing polyner (A is

0. 1% oRr* RYy weight based on 100% by wei ght of the
whol e of i d radi ation-sensitive resin conposition.

6. The radration-sensitive resin conposition according
to daim4 or 5, mherein said resin (B) conprises a

IS bl AT Kk oy
md%&uaﬁ’lfy a4m5190‘g{e§§ Xﬁh? cfib H &akdb #@uﬁ E’lﬁ\glﬁ !4630 20 carbon

group o resin nocy ructure
atofhs o?%'d)éﬁ%&ide%e%&f“&t fifear Br ?r%nemh 1 Rfupfib b 189 carbon

sai d fluorine-containing polynmer ac g to~any one
atofifs. Clalns 1 to 3, characterized by contacting a resin

solution in which said fluorine-containing polynmer is
4. di s aqhdiegori-fenbiive bl QMpEitRAl haRteRzd b cddiftising the

following solvent A to a honpbgeneous sol ution,
flubririen@inbania g ipdlyhes (A) sebtilin®f dnflode ©OTlaGE 1\4b B ha e (B)

following solvent B, and then with water, 96 Sol vent
having #n ijdhunstalsle groupph wtivtiohaenditiveacidgehRratar (@) m at ons

Sol vent B: An al coholic solvent having 1 to 10 carbon

nitregemsonthining domponsd(Rznd a solvent (E).

5. The radiation-sensitive resin composition according to Claim 4, wherein the

content of said fluorine-containing polymer (A) is 0. 1% or more by welght based on
100% by welght of the whole of said radlatlon-sensmve resin composmon

6. The radiation-sensitive resin composition accordmg to Claim 4 or 5, wherein
said resin (B) comprises a repeating unit having a lactone structure.

7. The radiation-sensitive resin composition according to any one of Claims 4 to 6,
wherein said acid-unstable group of said resin (B) has a monocyclic structure or a
polycyclic structure.

8. A method for purifying said fluorine-containing polymér according to any one of
Claims 1 to 3, characterized by contacting a resin solution in which said
fluorine-containing polymer is dissolved in the following solvent C with the following
solvent A to a homogeneous solution, bringing said resin solution into contact with the

following solvent B, and then with water,

96

~O O R4+R4 R4 wherein R3 represents hydrogen atom



sol vent A Solvent C. A ketone solvent having 2 to 10
carbon atons which is soluble in solvent A and
sol vent B. 97

Solvent A: A hydrocarbon solvent having 5 to 10 carbon atoms

Solvent B: An alcoholic solvent having 1 to 10 carbon atoms which is insoluble in
solvent A

Solvent C: A ketone solvent having 2 to 10 carbon atoms which is soluble in solvent A

and solvent B.
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