DESCRIPTION UPPER LAYER-FORMING COMPOSITION AND
PHOTORESIST PATTERNING METHOD TECHNICAL FIELD The
present invention relates to an upper layer-forming composition useful for
protecting a photoresist in liquid immersion lithography used for
miniaturization of lithography, as well as a lens used in a projection

aligner by suppressing elusio li% -regist components, and to a
photoresist patterning methodq??éjlsn% %@3%%5; layer film. BACKGROUND

ART A stepper-type or step-and-scan-type projection aligner is used in the
manufacture of semiconductor devices and the like to transfer a reticle
pattern as a pRRERBAK EReBCHR M GegOMBO SIW@RYT Addded with a
photoresist througgh ‘/_g%aprojection optical system. The resolution of a

projection optical R IERIEEA TRRpTBEE MR Bil§Her increases as

the exposure wavelength used becomes shorter and the numerical
aperture of the projection optical system becomes greater. Therefore, the
TEEXBORUAG Wavelsngth which is a wavelength of radiation used in the
projection aligner has been reduced in accordance with scaling down of
intedliatgaesteuiis e imay iearicandipg nlaneroam agerduiposfttbe useful for
projection optical system has been increased. Depth of focus is as
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... respectively shown by the following.formulas, R = kI.9INA (i) 1 S =
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phABGHYLE AHABERIRICGHAR, ANHRRLRRIER 1 BRANY ARFhEAE l?srﬁé){ﬁ)&ﬁgﬁer layer
coefficients. When obtaining the same resolution R, a larger depth of
filohocus S is obtained by using radiation with a shorter wavelength.

BACKGROUND ART

A stepper-type or step-and-scan-type projection aligner is used in the
manufacture of semiconductor devices and the like to transfer a reticle pattern as a
photo mask to each shot region on a wafer coated with a photoresist through a
projection optical system.

The resolution of a projection optical system provided in the projection aligner
increases as the exposure wavelength used becomes shorter and the numerical aperture
of the projection optical system becomes greater. Therefore, the exposure wavelength
which is a wavelength of radiation used in the projection aligner has been reduced in
accordance with scaling down of integrated circuits year by year, and the numerical
aperture of the projection optical system has been increased.

Depth of focus is as important as resolution. Resolution R and depth of focus 6

are respectively shown by the following formulas,

R =k1-W/NA 1



A photoresist film is formed on the surface of an exposure target wafer,
and the pattern is transferred to the photoresist film. In a common
projection aligner, the space in which the wafer is placed is filled with air
or nitrogen. When the space between the wafer and the lens of the
projection aligner is filled with a medium having a refractive index of n,
the resolution R and the d |gt\-|g U@;‘ us S are sh wn by the following
formulas. R = kl (a/n)/NA (lii) n2/NA2 (|\§ or example, when water
is used as the above medium in an ArF process, the resolution R is
69.4% (R =kl .(a/1.44)/INA) and the depth of focus is 144% (S =

whéizih. 449 dNARpiRtthevcasteipikhA ihehphotoeekist aparposddtb peughtain
or nitrogen, when the refractive index of light with a wavelength of 193 nm
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Wa{,g[erﬁgmatunzmg lithography, particularly Ilthography of the order of
several tens of nanometers. And the projection aligner for the method is
alsokphwtorésse fiatan foasethiantht suifdbedigun dipunatsiondihedgeapinid the
method using water as a medium of immersion, a photoresist film formed
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into contact with water. . T t te the ph ist fil
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the lens of the projection aligner. A method of forming an upper layer film

index &f photeresisididim Rnaydhkelsgdhinf ésdey satdchkwamiadidriM@enghe
photoresist film and the medium such as water. Such an upper layer film

formles possess sufficient transparency to radiation with a wavelength used
in liquid immersion lithography, must form a protective film on a
photoresist film while causing almost no intermixing with the photoresist

film, must be R =k1-(Wn)/NA (iii)

§ = k2'nl/NA? %)

For example, when water is used as the above medium in an ArF process, the
resolution R is 69.4% (R = k1-(\/1.44)/NA) and the depth of focus is 144% (6 =
k2-1.44)/NA?) in the case in which the photoresist is exposed through air or nitrogen,
when the refractive index of light with a wavelength of 193 nm is n = 1.44.

Such a projection exposure method to transfer detailed patterns by reducing the
wavelength of emitted light is called a liquid immersion lithographic method and is
regarded as an essential technique for miniaturizing lithography, particularly lithography
of the order of several tens of nanometers. And the projection aligner for the method
is also known (see patent document 1).

In the liquid immersion lithographic method using water as a medium of

immersion, a photoresist film formed on a wafer and the lens of a projection aligner are



stably maintained without being dissolved in the medium such as water
during liquid immersion lithography, and must be easily dissolved in a
developer such as an alkaline solution. [Patent Document 1]
JP-A-11-176727 DISCLOSURE OF THE INVENTION Problems to be
Solved by the Invention The present invention has been achieved to
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layer-forming composition covering a 3 photoresist film for forming a
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layer-forming composition of the present invention comprises a
solgbppound shown by the following formula (1). RW-O-R2 (1) In the
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

The present invention has been achieved to overcome these problems and has an
object of providing an upper layer-forming composition, which can form a coating
possessing sufficient transparency to radiation, particularly to light with a wavelength of
248 nm (KrF) or 193 nm (ArF), on a photoresist film while causing almost no
intermixing with the photoresist film, is stably maintained without being dissolved in a
medium such as water during liquid immersion lithography, can be applied
homogeneously on the surface of the photoresist with a smaller amount thereof, and is
easily dissolvable in a developer such as an alkaline solution, and a photoresist
patterning method.
Means for Solving the Problems

The present invention provides an upper layer-forming composition covering a



1 to 8 carbon atoms or a halogenated hydrocarbon group. A solvent
containing the compound shown by the formula (1) is a mixture with a
monohydric alcohol solvent having 1 to 10 carbon atoms. The upper
layer-forming composition of the present invention is composed of a resin
having at least one recurring unit selected from the group consisting of
phAFFATT SIS R & Group Sawm e Ionng tormie (B0 (3 Phein
(M))r acar oxyfgroup, Ard 38U group, and has a weight average
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alkyl group having 1 to 4 carbon atoms, or a fluoroalkyl group having 1 to
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a group consisting of an acid component and an acid-generator
cause mpanemiiwing inghs exatedescridbeid dyilbetivg eXpaseditdnadiation. The
photoresist patterning method of the present invention comprises a step of

formihg sopsatcteestidefifhe bpresgRing arpHbestesisesoniposte piesent
. Substrate, a step of forming an upper la elfilm on. the photoresist film
inv G GBBET Ty aPRSHA L BhBABR 1 P HRE IR thbention, and a
step of forming a resist pattern by irradiating the photoresist film and the

upper layer film with radiation using a liquid as a medium through a mask

having a specific pattern, and developing the photoresist pattern.
R!— 0 —R? (1)

In the formula (1), R' and R? individually represent a hydrocarbon group having

1 to 8 carbon atoms or a halogenated hydrocarbon group.

A solvent containing the compound shown by the formula (1) is a mixture with a
monohydric alcohol solvent having 1 to 10 carbon atoms.

The upper layer-forming composition of the present invention is composed of a
resin having at least one recurring unit selected from the group consisting of recurring
units having a group shown by the following formula (2), (3), or (4), a carboxyl group,
and a sulfo group, and has a weight average molecular weight measured by gel

permeation chromatography of 2,000 to 100,000.



Effect of the Invention Since the solvent used for the upper layer-forming
composition of the present invention has a viscosity of less than 5.2 x
10-3 Pa-s at 20C, the amount of composition to be applied
homogeneously on a silicon wafer can be reduced. In addition, since the
composition contains the solvent comprising an ether of the formula (1) or
a hydrocarbon compound having 7 to 11 carbon atoms, the composition
can not only protect the photoresist film used in a liquid immersion
RthegraplRit method foH miniaturizingclithegraphy, but can also form an
uppet layer film forJerolecting,a lens % used in the projection aligner by
suppressing elusion f_pﬂotoresist ccﬂﬁf)onents. The composition thus
exhibits performanceggquivalent to or better than the upper layer film
composition for use in immersion lithography in which a monohydric
alcoHdl is used as a#hajor componéft. BEST MODE FOR CARRYING
OUT THE INVENTION When water is used as an immersion medium, the
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intermixing and’the like with the photoresist film when applied to the
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_present invention is preferably less than 5.2 x 10-3 Pa-s at 20C. If the
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forﬁ%ggglgﬁ%?&ﬁt\’mﬁl%y applying a photoresist composition to a substrate, a step of

forming an upper layer film on the photoresist film using the upper layer-forming
composition of the present invention, and a step of forming a resist pattern by
irradiating the photoresist film and the upper layer film with radiation using a liquid as a
medium through a mask having a specific pattern, and developing the photoresist
pattern.
Effect of the Invention

Since the solvent used for the upper layer-forming composition of the present
invention has a viscosity of less than 5.2 x 107 Pa-s at 20°C, the amount of composition
to be applied homogeneously on a silicon wafer can be reduced. In addition, since the
composition contains the solvent comprising an ether of the formula (1) or a
hydrocarbon compound having 7 to 11 carbon atoms, the composition can not only
protect the photoresist film used in a liquid immersion lithographic method for

miniaturizing lithography, but can also form an upper layer film for protecting a lens



In order to reduce the viscosity to less than 5.2 x 10-3 Pa-s, the solvent

preferably contains a solvent containing the ether of the formula (1). In

the formula (1), R1 and R2 individually represent a hydrocarbon group

having 1 to 8 carbon atoms and a halogenated hydrocarbon group. As

examples of the solvent containing ethers shown by the formula (1), 6
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her, dipentyl ether, diisoamyl ether, dihexyl ether, dioctyl ether,
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ether, cyclopentyl ethyl ether, cyclohexyl ethyl ether, cyclopentyl propyl

a majee EyRMRsBhtyl 2-propyl ether, cyclohexyl propyl ether, cyclohexyl
2-propyl ether, cyclopentyl butyl ether, cyclopentyl- tert-butyl ether,
cyclohexyl butyl ether, cyclohexyl-tert-butyl ether, bromomethyl methyl

BESTRIOINE @ORIMA et §riTarerndiphleraredy! methyl ether,

chloromethyl ethyl ether, 2-chloroethyl methyl ether, 2-bromoethyl methyl

ethew s 2-wickiasastyhmathyhethern 2rehilonoaibyipptihetheilm made from

2-bromoethyl ethyl ether, ()- 1,2-dichloroethyl ethyl ether, di-2-bromoethyl
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-bromo-2-ethoxyethylene, 2-chloroéthyl vinyl ether, and
waenint, pid2diraiorastbylietieseandmeadiven fombyiespoilntederaible
ethers include dipropyl ether, diisopropyl ether, butyl methyl ether, butyl
corapepcathelutasLifyaprisypatesesigiduigl ether, diisobutyl ether,

tert-hut meth Iethe tetbu tyl ethyl ether, tert-butyl pro Iether
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her, cyclopentyl propyl ether, cyclopentyl-2- propyl ether, cyclohexyl
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cyclopentyl-tert-butyl ether, cyclohexyl butyl ether, and
phatpetstieijinternihgtybedher.
The viscosity of the solvent used in the present invention is preferably less than
5.2 % 107 Pa-s at 20°C.  If the viscosity of the solvent is 5.2 x 10~ Pa-s or more at 20°C,
the amount of application must be increased in order to ensure in-plane uniformity. In
the present invention, the viscosity of the solvent indicates the viscosity of the solvent
as a whole.

In order to reduce the viscosity to less than 5.2 x 107 Pa-s, the solvent preferably

contains a solvent containing the ether of the formula (1).

In the formula (1), R' and R? individually represent a hydrocarbon group having
1 to 8 carbon atoms and a halogenated hydrocarbon group.

As examples of the solvent containing ethers shown by the formula (1),



The above ethers are used in combination with other solvents. As
examples of the solvents used with the above ethers, monohydric
alcohols, polyhydric alcohols, cyclic ethers, alkyl ethers of polyhydric
alcohols, alkyl ether acetates of polyhydric 7 alcohols, aromatic
hydrocarbons, ketones, esters, water, and the like can be given.

. Examples of monohydric. alcohols include methapol, ethanol, 1-propanol,
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%q IBet“‘insgl-Z-butanol,qu-methyl-Z-buSianol, 2-methyl-l-butanol,
tert3bmel eyt eutian otrbmgthybppentanad; - 2riethylePhpedipanlyl ether,

_ 2-methyl-3-pentanol, 3-methyl-l-pentanol, 3-methyl-2-pentanol,
diispanetigthersbheanbetacmdipssy]-pibatapslopspethyrethpeibgnol,

-ethyl-I-butanol, 2,2-djm t(liéll- -pentanal, 2,3-djmethyl-3-pentanol,
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eth&eetiylbhbeganptopid diitay clahexanal biiylethylcyetabpxanbl tert-butyl ether,
4-methyl-3-heptanol, 6-methyl-2-heptanol, 1-octanol, 2-octanol, 3-octanol,

cychopespl hrpd atheio by dehaxdrirattiptihetheanion@ngimdtmatavhetbrinol,

. 3- 1-2,2-dimethyl- [, 1- l, 2- ,
o T ek et BTG ogppeans! o e
2-cidAmEIRROptaRal ABR eyt QriANeh ATADA U MABEDY Uit

alcohols, monohydric alcohols having 4 1o 8 carbon atoms aré preferable.

2-chlpesitiogl ythat mathyl poapatioy] diytamel, 2-putaniibhibpemtadnahyl ether,

2-pentanol, 3-pentanol, 3-methyl-2-pentanol, 4-methyl-2-pentanol,

di-2hspppethitanesr. 2 2-dividtngtozthrheties chrtotovarshabiet Eyetheplbeostamethyl
lyhydrjc alcqhols jncl len ol and len lycal.
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monomethyl ether, éthylene glycol monoethyl ether, ethylené glycol

etheimethythekier, Hilenieng)yeoll -Bieihyl Bihaoxgiatiiescgitotoethyl vinyl
monomethyl ether, diethylene glycol monoethyl ether, 8
ether, and aryl-1,1,2,2-tetrafluoroethyl ether can be given. Examples of preferable

ethers include dipropyl ether, diisopropyl ether, butyl methyl ether, butyl ethyl ether,
butyl propyl ether, dibutyl ether, diisobutyl ether, tert-butyl-methyl ether, tert-butyl ethyl
ether, tert-butyl propyl ether, di-tert-butyl ether, dipentyl ether, diisoamyl ether,
cyclopentyl methyl ether, cyclohexyl methyl ether, cyclopentyl ethyl ether, cyclohexyl
ethyl ether, cyclopentyl propyl ether, cyclopentyl-2-propyl ether, cyclohexyl propyl
ether, cyclohexyl-2-propyl ether, cyclopentyl butyl ether, cyclopentyl-tert-butyl ether,

cyclohexyl butyl ether, and cyclohexyl-tert-butyl ether.

The above ethers are used in combination with other solvents. As examples of
the solvents used with the above ethers, monohydric alcohols, polyhydric alcohols,

cyclic ethers, alkyl ethers of polyhydric alcohols, alkyl ether acetates of polyhydric



diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene
glycol ethyl methyl ether, propylene glycol monomethyl ether, and
propylene glycol monoethyl ether. Examples of the alkyl ether acetates of
polyhydric alcohol include ethylene glycol ethyl ether acetate, diethylene
glycol ethyl ether acetate, propylene glycol ethyl ether acetate, and
methyl ether acetate. Exampl aromatic

ropylene glycol mon s of the
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cyclohexanone, 4-hydroxy-4-methyl-2-pentanone, and diacetone alcohol.

isoprvpnmple a-ptdpenesiermdisiLdeaipyhccatatealnliyl-acetads, tetthiplitanol,
2-hydroxypropionate, methyl 2-hydroxy-2-methylpropionate, ethyl

1-ponganploxyrenisatly orsplaneke)-8expnaicaclaheaaiel. aimpthytroRyEdslate,
met -hydroxy-3-methylputangate, methyl 3-me ropjonate, ethyl
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ethers of polyhydric alcohols, alkyl ether acetates of polyhydric alcohols,
3-nkatones pestars], dnaataikl gentpiefetabnliahwith pbetimon Qhsttisic bleadants,
being more preferable. When the above ethers are used with the other

2, 2<bmettsl-it-repratelabiedhactnd - hntotads #edmehsbR-eataelnot more
than 75 wi% of the entire solvent. If mount of the other solvents is
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of 0.7 x 10-3 Pa-s to 4.0 x 10-3 Pa-s, but also the amount of the upper
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can be decreased and elusion of anionic components from the

o-mshpashintiasah betiraebr2 aysptelsSeectara, solenybideeand. present
invention does not cause intermixing between_ th t}é)éoresis film and the
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ethyl ketone, and the like which may corrode a resist film and
3,7-dimethyl-1-octanol, and 3,7-dimethyl-3-octanol.

Among the monohydric alcohols, monohydric alcohols having 4 to 8 carbon
atoms are preferable. Specifically, 2-methyl-1-propanol, 1-butanol, 2-butanol,
1-pentanol, 2-pentanol, 3-pentanol, 3-methyl-2-pentanol, 4-methyl-2-pentanol,
2-ethyl-1-butanol, 2,4-dimethyl-3-pentanol are preferable.

Examples of the polyhydric alcohols include ethylene glycol and propylene
glycol. Examples of the cyclic ethers include tetrahydrofuran and dioxane.

Examples of the alkyl ethers of polyhydric alcohol include ethylene glycol monomethyl

ether, ethylene glycol monoethyl ether, ethylene glycol dimethyl ether, ethylene glycol

diethyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether,



cause intermixing if used alone are preferably used under the conditions
which the solvent is judged not to cause intermixing when evaluated
according to the later-described evaluation method. These solvents are

used in an amount of 30 wt% or less, and preferably 20 wt% or less of the
total amount of the solvents used. If more than 30 wt%, the photoresist
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invention, a mixture of an ether of the formula (1) in which'R1 and R2
Ex anghléd véliyerefig sendrhydraeardiopo oyt hlaving ihétn8ecahydemaigms] ethyl
and a monohydric alcohol having 4 to 8 carbon atoms can be given. The
eth%%ﬁm@idh%gﬁ@@mgéﬁﬂi@mbéﬂlﬁwﬁwwéﬂ%abrﬁehe&sth@ﬂ@%&@we’
jnvention isla resin ca;I)rzlab elof Ft)rming a fiIr%stabI to 1qwedium such as
ANCPAERY i X pBUPE O PATAEA it dissIVA I%Slﬁ)gﬁee&é%%bcer used
hydRSIRERIRG R HRAIR Mo LA SHSIabE I e SHERESnclude
indi

water during exposure to radiation" indicates a film of which the thickness
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mentioned later, for example, is not more than 3% of the initial film
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Used in the présent invention’has almost no solubility in a medium such

ethasyaaiere bethid Higtokieddntharaikalintehgdueous-saltitiobutisesidomethyl
developing the photoresist pattern after exposure to radiation (such a

3-npedipxaProfegiesecrihid e nssiroisy Rerpipifter vdidrieethoraprenieirsoftsle
resin™). 10 The upper layer film made from such an alkali-soluble resin

me}Hﬁ%Eﬁgté?éYBW&g fst film from coming in direct contact with the medium
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alcohols, alkyl ether acetates of polyhydric alcohols, ketones, esters, and water are
preferable, with the monohydric alcohols being more preferable.

When the above ethers are used with the other solvents, it is preferable that the
amount of the other solvents be not more than 75 wt% of the entire solvent. If the
amount of the other solvents is not more than 75 wt%, not only the viscosity of the
mixed solvent at 20°C can be controlled to less than 5.2 x 10~ Pa-s, and preferably in a
range of 0.7 x 10~ Pa-s to 4.0 x 10~ Pa-s, but also the amount of the upper
layer-forming composition to be homogeneously applied on a silicon wafer can be
decreased and elusion of anionic components from the composition can be further
suppressed.

The solvent used in the present invention does not cause intermixing between

the photoresist film and the upper layer-forming composition.

Some solvents, for example, tetrahydrofuran, propylene glycol monomethyl



the lithographic performance due to penetration of the medium and also
preventing the lens of the projection aligner from being polluted with
components eluted from the photoresist film. The resin contains at least
one recurring unit selected from a group consisting of a recurring unit
having a group shown by the foIIowing formula (2), a recurring unit having

sho foIIowm la recurrln nit having.a
et e, g WM DA A e end

cauSBTARAYSTRY s @é%q A REML] %%BW&@S Endilieh QR R SPHiRR YFENG

units can be incorporated in the resin by polymerizing a
solvadidaljydgedynoe iz ableenasonienyhibbnooniamsdheserdingzoahe a

polymerizable unsaturated bond. In the recurring unit having a group
lategrﬂﬁwb%ﬁéaﬂ@ﬁwm@@aﬁm SPRYRNLE AEG| UsesLi hwmglm@m% wt% or

car ethyl grou an eth oup, and
s, S G AR SApIES o 116 PR SOl R s cahage

thaﬁ‘t%ﬂ%t%ctﬁ@%&ﬁif&?{%ﬁt%i%%%r&@&f fAHQ%@}%QML@[ﬁ’EéHnﬁ(m with the
2,2-difluoroethyl group, a 2,2,2-trifluoroethyl group, a perfluoroethy

upghioapeafidi2, 8 adites rafligndfiranyd e giowpatianpef it sotagthyprcthylagreud, the
perfluoropropyl group, a 2,2,3,3,4,4-hexafluorobutyl group, a
phdererigiobutyl group, al1- dimethyl -2,2,3,3- tetrafluoropropyl group, and
the like. Of these uorome rou referable. The
rooum g TR ELEEHB 5 O B b 1R LR Eof ok B Gk R of o
eth&ayfqge%ﬂﬁ%@L Mﬁ{fa%g E%H{WM‘&REHQIB“}%&&Q&? @9?08&%‘&%oups
least one fluoroalkyl group on at least a-position carbon atom. The

havhiygdnoges) @libionaiidhes aldohabashydroxyilgholhis gasiyd sleased aieentocan
electron withdrawing properties of a fluoroalkyl group, particularly a
be gigfuoromethyl group. As a result, the resin exhibits 11 acidity in an

agueous solution. Therefore, the resin s inspluble in ewater
ol At SR G DS B P RGN LS A
invgﬂ{ﬂo?.%sgévr%‘é‘lﬁ%% Bf@tﬁrﬁmﬁlﬁﬁrﬁ% QLBRE LSRG R0 R uring

group shown by the formula (
exposure to radiation and dlssolvable in the developer used for forming a resist pattern.

The term “film stable in a medium such as water during exposure to radiation”
indicates a film of which the thickness change when measuring by a stability evaluation
method in water mentioned later, for example, is not more than 3% of the initial film
thickness.

The term “dissolvable in the developer used for forming a resist pattern”
indicates the upper layer film can be removed to the extent that there is no residue
observed by the naked eye on the resist pattern after development using an alkaline
aqueous solution. That is to say, the resin used in the present invention has almost no
solubility in a medium such as water, but is dissolved in the alkaline aqueous solution
used for developing the photoresist pattern after exposure to radiation (such a resin of

the present invention is hereinafter referred to as “alkali-soluble resin”).
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R ---~CH2-\~ C=0 O R7 F3C-C Oil CF3 (2a) wherein R represents a
hydrogen atom or a methyl group, and R7 represents an organic group,
and preferably a divalent hydrocarbon group. Linear hydrocarbon groups
and cyclic hydrocarbon groups are preferable among the divalent
hydrocarbon group. Preferable examples of R7 include a methylene

Irolhs angﬁékr‘lwenefﬁfo‘%ﬁa& SRR ‘iub"i‘%r%a}ﬁ:’hﬁf%% fiily

group an prop ene group; a satur inear rocarpon group

photlRRiSraIEHamelNIRR LR BREAAMA N GNRIHAcR as water during

hexamethylene group, a heptamethylene group, an octamethylene group,

thediguidameitigiendigratrpplaydteasb g thyenaigsatip pantwmdscﬁmneﬂwiﬁmﬁiucmg

N %oup a dodecamethylene group, a tridecamethylene group,
they

thageminsapyenm e dpe &0 pémﬂaa@eaﬁféﬂwym@@w 50 preventmg the

decameth ro he pta methylene
e SR NG O LR e T o the
h(%ﬂrgg}glgﬁﬁngroup a 1-methyl-1,3-propylene group, a
2-methyl-1,3-propylene group, a 2-methyl-1,2-propylene group, a

1-mathytelid-duivienetgeaspore Zeoietmd-dnd- btlbdeder@roapraup consisting of
methylidene group, an ethylidene group, a propylidene group, and a

a repIFHly Hadhe \gReUhZR MGheBhYy wa@lé@m@g] farggrddp, fsmﬁlra'gia unit
loalkylen 0 toms, f

oG RAE L Sh e 2 5 AR BFaLL e @ roup

sho%’ﬂjﬁﬁ{étﬂ%%vﬂ{g YBSHED @5, 3 ey IORGIICHS g@h‘@m@yl group, and a

cyclohexylene group such as a 1,4-cyclohexylene group, and

recOpéiponiyl@acigEeLyulfughas. a Tiewyalooetylensig rmpb@r@aﬁﬂdfe«éccyshﬁe
hydrocarbon ring groups such as a cyclic hydrocarbon group having 2 to
resi B o Binerd 20 30 Hakisalhyapehigicidzabkampienzer which contains these units

and a polymerizable unsaturated bond.

In the recurring unit having a group shown by the formula (2), examples of the
alkyl group having 1 to 4 carbon atoms include a methyl group, an ethyl group, a propyl
group, and a butyl group, and examples of the fluoroalkyl group having 1 to 4 carbon
atoms include a difluoromethyl group, a perfluoromethyl group, a 2,2-difluoroethyl
group, a 2,2,2-trifluoroethyl group, a perfluoroethyl group, a 2,2,3,3,-tetrafluoropropyl
group, a perfluoroethylmethyl group, a perfluoropropyl group, a
2,2,3,3,4,4-hexafluorobutyl group, a perfluorobutyl group, a
1,1-dimethyl-2,2,3,3-tetrafluoropropyl group, and the like.

Of these groups, a perfluoromethyl group is preferable.

The recurring unit having a group shown by the formula (2) is a recurring unit
having an alcoholic hydroxyl group which contains on the side chain at least one
fluoroalkyl group on at least a-position carbon atom. The hydrogen atom of the
alcoholic hydroxyl group is easily released due to electron withdrawing properties of a

fluoroalkyl group, particularly a perfluoromethyl group. As a result, the resin exhibits
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norbornylene group such as a 1,4-norbornylene group and
2,5-norbornylene group, and an adamantylene group such as
1,5-adamantylene group, and 2,6-adamantylene group, and the like.
Particularly when the R7 is a divalent alicyclic hydrocarbon group, it is
preferable to insert an alkylene group having 1 to 4 carbon atoms as a
. igacer between t tbis(trif orometh Izzhlydrox metpl%llgrogjp and tthe "
aog |X3}8I?cnﬁ)98F835r o lé)POUp. retelanie g%hnpls }gsp?esen 8 %r);:[g i the
solfignitlaf2a) are a hydrocarbon group having a 2,5-norbornylene group or
a 2,6-norbornylene group, and a 1,2-propylene group. In the recurring
unit Tiayirguargre upisklowm tby the foliowiag B)rexanipiesof beerifleronoalky!
roup having 1 to 20 carbon atoms represented by R5 include a
pre?ﬁ}éb&wn@lé@é havkegTieg poichanEe e spchoyenduithsoirmetayp)-
group, a perflugromethyl group, a 2,2-difluoroethyl group, a
2,2,2-trifluoroeghyl group, a perfluoroethyl group, a
2,2,3.3-tetyafiosppropyl group, a perfluoroethylmethyl group, a
perfluoropropyNgroup, a 2,2,3,3,4,4-hexafluorobutyl group, a
perfluorobutyl glo®pPa 1,1-dimethyl-2,2,3,3-tetrafluoropropyl group, a
1,1-dimethyl-2¢2,3,3,3-pentafluoropropyl group, a 2-(perfluoropropyl)ethyl
group, a 2,2,33,4,4,5,5-octafluoropentyl group, a perfluoropentyl group, a
1,1-dimethyl-2,28,3,4,4-hexafluorobutyl group, a
1,1-dim@,t3@-y- 2,3,3,4,4,4-heptafluorobutyl group, a 2-(perfluorobutyl)ethyl
group, a 2,2,3,3\,{13144,5,5,6,6-decaf|uorohexyl group, a
perfluoropenl?ﬁﬁ"lethjyl group, a perfluorohexyl group, a
1,1-dimethyl¢z,2,3,3,4,4,5,5-octafluoropentyl group, a
1,1-dimethyl-2,2,3,3,4,4,5,5,5-nonafluoropentyl group, a
whergineRteprepatisyd) BYHyP gpp @ m diza methyl group, and R’ represents an organic

o S B o SRR
cy&i&%&&%&’Qr@u@a?a%ﬁ@ﬁéﬁ%?&%ﬂ&b%@&%i%féﬂ? h§drocarbon group.

perfluoroheptylmethyl group, a perfluorooctyl group, a
2-(perBrpiphepyhelbybgRUmcaude a methylene group; an ethylene group; a

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-hexadecafluorononyl group, a
propalthogoatninsathypdrdupopylene group and a 1,2-propylene group; a saturated
linear hydrocarbon group such as a tetramethylene group, a pentamethylene group, a
hexamethylene group, a heptamethylene group, an octamethylene group, a
nonamethylene group, a decamethylene group, an undecamethylene group, a
dodecamethylene group, a tridecamethylene group, a tetradecamethylene group, a
pentadecamethylene group, a hexadecamethylene group, a heptadecamethylene group,
an octadecamethylene group, a nonadecamethylene group, an icosa methylene group, a
1-methyl-1,3-propylene group, a 2-methyl-1,3-propylene group, a
2-methyl-1,2-propylene group, a 1-methyl-1,4-butylene group, a 2-methyl-1,4-butylene
group, a methylidene group, an ethylidene group, a propylidene group, and a

2-propylidene group; a monocyclic hydrocarbon ring group, such as a cycloalkylene

group having 3 to 10 carbon atoms, for example, a cyclobutylene group such as a
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a perfluorononyl group, a 2-(perfluorooctyl)ethyl group, a

2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 1 O-octadecafluorodecyl group, a

perfluorononylmethyl group, a perfluorodecyl group, a

2,2,3,4,4,4-hexafluorobutyl group, a 2,2,3,3,4,4,4-heptafluorobutyl group,

a 3,3,4,4,5,5,6,6,6-nonafluorohexyl group, a

3,344 6,6,7,7,8,8,8-tridodecafluorooctyl grou d the like. Of these
E= e KL s i R B e
cyGoREXHQOBHIY) JTRHPs AN ARRIIHAORAY LESOYPAE: RIFISH Y Ne group

preferable in order to have thé appropriate acidity of thé hydrogen

suchandet ia th oitrdgen gtoim. ctos liakedroyglimiysihosarbby the ialbopsngch as a
formula (3aé can be given as a preferable example of the recurring unit

cychahdrasergeauE AHbAYIBg thie fbFnetard)? R $erpbon aems. JeRa Mg, a

H Q=5=0 wherejn R represents a hydrogen at r a methyl group,
OGS S B 48 e B TS P 3 e P BB RLCLR Bl
an 24BN ANhPEIRIRRIR ARty RO YRd zmsagrﬁxﬁ{ﬁgﬁébg?aup,

groups and cyclic hydrocarbon groups are preferable among the™ divalent
andwwriikarbon group. 14 Preferable examples of R 8 include a methylene

group; an ethylene group; a propylene group such as a 1,3-propylene

grodpeisslarly ovpesphreRe igiodiyatant ghexglieddiradonypsatbin
P e i S B ST R R BBt
the%ri W%%ﬁ%ﬂ&ﬁﬂﬂcﬁn@ﬁﬁﬁ%ﬁy%ﬁ APy AR WHREAMBINIGHE.

’ Pr’eferable groups represented by R’ in the formula (2a) are a hydrocarbon group
having a 2,5-norbornylene group or a 2,6-norbornylene group, and a 1,2-propylene
group.

In the recurring unit having a group shown by the formula (3), examples of the
fluoroalkyl group having 1 to 20 carbon atoms represented by R’ include a fluoroalkyl
group having 1 to 20 carbon atoms such as a difluoromethyl group, a perfluoromethyl
group, a 2,2-difluoroethyl group, a 2,2,2-trifluoroethyl group, a perfluoroethyl group, a
2,2,3,3,-tetrafluoropropyl group, a perfluoroethylmethyl group, a perfluoropropyl group,
a2,2,3,3,4,4-hexafluorobutyl group, a perfluorobutyl group, a
1,1-dimethyl-2,2,3,3-tetrafluoropropyl group, a
1,1-dimethyl-2,2,3,3,3-pentafluoropropyl group, a 2-(perfluoropropyl)ethyl group, a
2,2,3,3,4,4,5,5-octafluoropentyl group, a perfluoropentyl group, a
1,1-dimethyl-2,2,3,3,4,4-hexafluorobutyl group, a
1,1-dimethyl-2,2,3,3,4,4,4-heptafluorobutyl group, a 2-(perfluorobutyl)ethyl group, a
2,2,3,3,4,4,5,5,6,6-decafluorohexyl group, a perfluoropentylmethyl group, a
perfluorohexyl group, a 1,1-dimethyl-2,2,3,3,4,4,5,5-octafluoropentyl group, a

1,1-dimethyl-2,2,3,3,4,4,5,5,5-nonafluoropentyl group, a 2-(perfluoropentyl)ethyl group,
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dodecamethylene group, a tridecamethylene group, a tetradecamethylene
group, a pentadecamethylene group, a hexadecamethylene group, a
heptadecamethylene group, an octadecamethylene group, a
nonadecamethylene group, an icosa methylene group, a
1-methyl-1,3-propylene group, a 2-methyl-1,3-propylene group, a
-methyl-1.2-p lene grgu 1-methyl-1,4-butylene grou

1 SR R R o e s 2

perBIRRYHESIE SHRIIP a 3NDE FRAIIRXNFRNS D5PMR;, & Monocyclic hydrocarbon
ring group, such as a cycloalkylené group having 3 to 10 carbon atoms,

2,2d3ekample, @7cy s Ghutyidneafuouposudipasip, 4 pertycalivhidgnedgidupoap, a

cyclopentylene group such as a 1,3-cyclopentylene group, a
perégamw |erBrédp(Bedaoheptyligiad sy Reide group, and a

| h as a 1,5-cyclooctyl - crosslinked cycli
2 O S S T R e LA ROTRG | roup.
a pAER ARG A 13 s A @%&Eﬂmﬁeéefyﬁéa{ppg%ep,rprbornylene group such

as a 1,4-norbornylene group and 2;5-norbornylene group, and an

2, 2agarmasiglens QgrsIp, $9ct0 a9)-hesdd asfiantyl&ngy poippangerfluorononylmethyl
2,6-adamantylene group; and the like. Particularly when the Rs is a

grogisaanst Aesrdre Wy aiouarb 8 grddpt-aaraiityteabuigialipuRating 1 to 4
b ' d -NH- d
2 Ty T eh Gkl A A e GPoE i

33448 %‘H"}Y’@é‘,§,§r&f&d¥c§ﬂ&o§6%9®‘ﬂ‘§%%?&?d€lffétiﬁqe@” ethylene group,

and a 1,3-propylene group are preferable. In the recurring unit having a

groupfsheswalpethedesimuta (4roR6 iqpichonistan Qigapia gtindapiogyd
polar group, preferably a hydrocarbon group having a 15 monovalent

groppldr Rptbluetelving 2 aep2encke s Beerr il arMubrirarsdtieptrdr asbiable in
roup. The recurring unit shown by the following formula (4a) can be given
o e AP A S B T PHAGREAT, PR e I Sy
the Fﬂ‘i@fé'&lﬁﬁhg it Strbn gy}the following formula (3a) can be given as a

preferable example of the recurring unit having the group shown by the formula (3).

R
/
—€CH,— C——
\
C=0
0/
(3a)
\Rg
/
NH
I
0=S$=0
ke

wherein R represents a hydrogen atom or a methyl group, and R” is the same as the R’
in the formula (3).

R® represents an organic group, and preferably a divalent hydrocarbon group.
Linear hydrocarbon groups and cyclic hydrocarbon groups are preferable among the

divalent hydrocarbon group.
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(4a) C=0 0 Rfi wherein R represents a hydrogen atom or a methyl group,
and R6 represents a residue of an alcohol which forms an ester bond with
(meth)acrylic acid and has a polar group. Examples of preferable R6
include a hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxyethyl
group, a 1-hydroxypropyl group, a 2-hydroxypropyl group, a

SIUPYRERGAIGU 8 ot iU, & B AiEpaIORY.

group, @ polypropyleneglycol group, a cyclohexyf group,

progih'é’l?é’ Ry SIRheYh PR A RSN ahadamapiyh 9iGPe@up; an

,5-dihydroxy-l-adamantyl group, an aminomethyl group, a 1-aminoethyl

unsgrotisdlamhydeshytgnogmuep tvaminepropyhegiltpe wmanemrapythylene
group, a 3-aminopropyl group, a 2,3-dihydroxypropyl group, a
groyp sheiraeHI RS BIPHPo 8 HCAtAMEIBIBPHE ERAF U AapatiyreR s tHya. a
roup, a 2,2-difluor8eth | gro B, a 2,2,2-triflu roet@ﬁll roup, a
noR el TS MRt s G R igne 2:0up. a
dod%'&ﬁﬁ@h‘ﬁ@ﬁ%‘@fbﬁ(#%hﬁh@&gmt 1€n8- Sl HAUHQEORIRRYE AEX R Bup, a

perfluoroethylmethyl group, a di(perfluoromethyl)methyl group, a

perpadéictonepropyt gioup, ahdxmrtyhatR B2 tetrafLwrepramdagioty]cue group,
1-(perfluoroethyl)ethyl group, a 2-(perfluoroethyl)ethyl group, a
an ocmdegaungindgadgerebutyl Gresiasaepttue @iorapylitietyiprdupcns group, a

flugrobutyl . a perf | fluorohexyl ,
L1 GHUER P00 & pb TS HOUD S aUBronony! 16 group,
z_npe%ﬁ@m_qt%s}wg@ B2t %ﬁ@ﬁﬁ%—rﬂglgwﬂ‘éﬁé'@%ﬁ}ﬂ QR Ry1-1,4-butylene

(perfluoroethylmethyl)a-carboxyl group,

gro{ih 2adrigifiydeathytdaraibetyméihy lgsappa mdpyldteflitonpetng ya-cyano
group, a (perfluoroethylmethyl)a-cyano group, a

2-prepyBdRIB- pentafiusropreysi2hathossrigpapgagroup, such as a cycloalkylene
el SRR SRR S crane, Slow. A0 mamples o e e
1,3-cyclobutylene group, a cyclopentylene group such as a 1,3-cyclopentylene group, a
cyclohexylene group such as a 1,4-cyclohexylene group, and a cyclooctylene group
such as a 1,5-cyclooctylene group; crosslinked cyclic hydrocarbon groups such as a
cyclic hydrocarbon group having 2 to 4 rings and 4 to 30 carbon atoms, for example, a
norbornylene group such as a 1,4-norbornylene group and 2,5-norbornylene group, and
an adamantylene group such as 1,5-adamantylenegroup and 2,6-adamantylene group;
and the like.

Particularly when the R® is a divalent alicyclic hydrocarbon group, an alkylene
group having 1 to 4 carbon atoms may be inserted as a spacer between an -NH- group
and the alicyclic hydrocarbon group.

AsR® a hydrocarbon group having a 2,5-norbornylene group or a
1,5-adamantylene group, an ethylene group, and a 1,3-propylene group are preferable.

In the recurring unit having a group shown by the formula (4), R® represents an

organic group having a polar group, preferably a hydrocarbon group having a
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having a carboxyl group, unsaturated monocarboxylic acids such as
(meth)acrylic acid, crotonic acid, cinnamic acid, atropic acid, 3-acetyloxy
(meth)acrylate, 3-benzoiloxy (meth)acrylate, a-methoxyacrylate,
3-cyclohexyl (meth)acrylate; unsaturated polycarboxylic acids such as
fumaric acid, maleic acid, citraconic acid, mesaconic acid, itaconic acid,;
monopesters (e.g., monomethyl ester, monoethyl ester,.monp-n-propyl
ORISR Bl OF B et L AT gy
grogp(meth)acrylamide-2-methylpropanecarboxylic acid,
2-a-carboxyacrylamide-2-methylpropanecarboxylic acid,
2-a-Tathexymiathylacsyilawm de-2rwerfethylpngfanacr btxytindeidiven as a
2-a-methoxycarbonylacrylamide-2-methylpropanecarboxylic acid,
preferble eXABMI8 A/ BeTRIUZLIGAIAY BAEBENBE R AodEI®Y the formula (4).
2-a-phenylacrylamide-2-methylpropanecarboxylic acid,
2-a—benzylacry)gmide-2-methylpropanecarboxylic acid,
2-a-methoxyacrylpmide-2-methylpropanecarboxylic acid,
2-a-cyclohexylacrylamide-2aagthylpropanecarboxylic acid,
2-a—cyanoacrylgﬁ1ﬁ@-2-methylpropanecarboxylic acid, and the like can be
given. Among ¢he above monomers, (meth)acrylic acid and crotonic acid
are preferableNAs the recurring unit having a carboxyl group, a radical
polymerizable mBhomer shown by the formula (5) can be given. 17 R
CH2=C A (5) B COON wherein R represents a hydrogen atom or a
whiRGINK QAR TERIBRGRIS &cingle BROHy Po R ORY PR Gents a residue of
carbonyloxy group, and an oxycarbonyl group, and B represents a single
an Mloohoandizidivatenh o eganibagduihaviag ) Adgl20cathed Riempolar group.

Examples of
Examples of preferable R® include a hydroxymethyl group, a 1-hydroxyethyl

group, a 2-hydroxyethyl group, a 1-hydroxypropyl group, a 2-hydroxypropyl group, a
3-hydroxypropyl group, a 2-hydroxybutyl group, a 2,3-dihydroxypropyl group, a
polypropyleneglycol group, a 2-hydroxycyclohexyl group, a 4-hydroxycyclohexyl
group, a 3-hydroxy-1-adamantyl group, a 3,5-dihydroxy-1-adamantyl group, an
aminomethyl group, a 1-aminoethyl group, a 2-aminoethyl group, a 1-aminopropyl
group, a 2-aminopropyl group, a 3-aminopropyl group, a 2,3-dihydroxypropyl group, a
1,2,3-trihydroxypropyl group, a difluoromethyl group, a perfluoromethyl group, a
2,2-difluoroethyl group, a 2,2,2-trifluoroethyl group, a perfluoroethyl group, a
1-(perfluoromethyl)ethyl group, a 2-(perfluoromethyl)ethyl group, a
2,2,3,3-tetrafluoropropyl group, a perfluoroethylmethyl group, a
di(perfluoromethyl)methyl group, a perfluoropropyl group, a
I-methyl-2,2,3,3-tetrafluoropropyl group, a 1-(perfluoroethyl)ethyl group, a
2-(perfluoroethyl)ethyl group, a 2,2,3,3,4,4-hexafluorobutyl group, a
perfluoropropylmethyl group, a perfluorobutyl group, a perfluoropentyl group, a

perfluorohexyl group, a perfluoroheptyl group, a perfluorooctyl group, a perfluorononyl
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the divalent organic group having 1 to 20 carbon atoms include a
methylene group; an ethylene group; a propylene group such as a
1,3-propylene group and a 1,2-propylene group; an unsaturated linear
hydrocarbon group such as a tetramethylene group, a pentamethylene
group, a hexamethylene group, a heptamethylene group, an

octamet Ien ano t ad cam ethylene group,
gI‘OUR uH%Irec Ooro Qi? %Eélé‘[?bug?g]g uorogiiﬁi/;ll -car %‘0}{ a

ame ecame ene gro

(peﬁﬂ%ﬁ%ﬁﬁﬁ@éﬁ{ﬁ)greﬂgoﬁyﬁ%%ﬂpga(@ Q@X@'P&b%%@l)ﬁ carboxymethyl group,

pentadecamethylene group, a hexadecamethylene group, a

a (heptadficarnethyleneygnoypoan acirtdfcarmatnyiesd giaup,aao group, a
nonadecamethylene group, an icosa methylene group, a

(2.2.3etrgartatlunenpyrmd Frshpx w ZovtAyR L3 ér%ﬁymﬁﬂu@iwﬁpalﬂ cyano
2- methyl -1,2-propylene group, a 1-methyl-1,4-butylene group, a
gO9R methyl-1,4-butylene group, a methylidene group, an ethylidene group, a

IOfOpME@‘iQﬁp@JQHPtHé‘P'aél&%8%9&%%%0%@%99¥£!&?g@’%&ﬁ%@ﬂm

ring group, such as an arylene group such as a phenylene group and
havioly e oergreuipg i@y Qlasdkytered grmumahampgc&tmdi@mbo(n&mm)asmfnb acid,
example, a cyclobutylene group such as a 1,3-cyclobutylene group, a

croeyarb@@ﬁt;ﬂmérgi@a@%wéwa@ acidz yetdylentylerehgrenpats. 3-benzoiloxy
ohexyl l 4- | d

G A eI RS & a0 O AR WhSaheda cyoic

polw&l’iﬂ%flﬁ’@%g{?%%‘é%rﬂ%ﬁ: Lxglic.srocarban-AaHP faying&tR e acid,

fings and 4 to 20 carbon atoms, for example, a 18 norbornylene group
itaciih) /@$da thhGBbBI (/e N\ @iome tANCe2iér; inshoey e Ba @ o angrapyl ester,
adamantylene group such as 1,5-adamantylenegroup and
an@ma@ahbmym)g@éuw ugpiuraectieol YersrexiibalReisslymerizable
ome e atln e recurring unit having a sulfo group is shown by
2R - T T8 P LR ) 503 1

2—(x—carboxyacrylamlde—2—methylpropanecarboxylic acid,
2-0-carboxymethylacrylamide-2-methylpropanecarboxylic acid,
2-o-methoxycarbonylacrylamide-2-methylpropanecarboxylic acid,
2-a-acetyloxyacrylamide-2-methylpropanecarboxylic acid,
2-o-phenylacrylamide-2-methylpropanecarboxylic acid,
2-a-benzylacrylamide-2-methylpropanecarboxylic acid,
2-o0-methoxyacrylamide-2-methylpropanecarboxylic acid,
2-a-cyclohexylacrylamide-2-methylpropanecarboxylic acid,
2-a-cyanoacrylamide-2-methylpropanecarboxylic acid, and the like can be given.

Among the above monomers, (meth)acrylic acid and crotonic acid are
preferable.

As the recurring unit having a carboxyl group, a radical polymerizable monomer

shown by the formula (5) can be given.
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In the formula (6), A and B are the same as those defined for the formula
(5). The formula (6) can be obtained by replacing the carboxyl group in
the formula (5) with a sulfo group. Preferable examples of the monomer
shown by the formula (6) include vinylsulfonic acid, allylsulfonic acid,
2-(meth)acrylamide-2-methyl-l-propanesulfonic acid, and
4-vinyl-I-benzenesulfonic acid. Of these sulfonic acid monomers,
vinylsulfoiiic acid and allylsulfonic acid are particularly preferable. The
resin component of the upper layer-forming composition of the present
invejterccontains at least one recurring unit selected from a group
consisting\of a recurring unit having a group shown by the above formula
(2), a recurfing unit Having a group shown by the above formula (3), a
recurring]ﬂnit having a group shown by the above formula (4), a recurring
unit having a carboxyl group, and a recurring unit having a sulfo group. In
addition, 8tR&Hadically-polymerizable monomers may be copolymerized
with the resin component of the upper layer-forming composition of the
present invention in order to control the molecular weight, the glass
whitieiisRioepiesepsratuyérok@rs adoiilily a mediye ptsnpna thedikawofatbimgisiond, a
The "Other monomers" indicate radically polymerizable monomers other
carfioan B BB earhenyions @iaically PoNdarDabibgitvRoANerB. 1ePERIERIOA,

: id-di iab -containi b I ized.
singlE BN O e Al DO e EhEe A or Fchnes of
the%‘;i%gim%megrgw&ag@im% DRHAMEsH{MEENAETY E?eﬁﬁiféﬁé‘%ﬂoup; an

esters such as methyl (meth)acrylate, ethyl (meth)acrylate, n-buty

eth{fleathyaarylatereeddnetyt dopatiiyAckyiates -paipyiuhy ¢roathyadryBepropylene
isopropyl (meth)acrylate, n-hexyl (meth)acrylate, cyclohexyl

grogpieth eirylatetcd lmean ivdidoribrypl grasehyedhaatelctityelbplantagigup, a

T e
oct( ‘é?ﬁ){r&i@r@%'&rhe%ﬁ%%ém@@g%lﬁ}?a Jusihenydisthylengolycol

meth)acrylate, methoxypropylenéglycol (meth)acrylate,
undecamethylene group, a dodecamethylene group, a tridecamethylene group, a

tetradecamethylene group, a pentadecamethylene group, a hexadecamethylene group, a
heptadecamethylene group, an octadecamethylene group, a nonadecamethylene group,
an icosa methylene group, a 1-methyl-1,3-propylene group, a 2-methyl-1,3-propylene
group, a 2-methyl-1,2-propylene group, a 1-methyl-1,4-butylene group, a
2-methyl-1,4-butylene group, a methylidene group, an ethylidene group, a propylidene
group and a 2-propylidene group; a monocyclic hydrocarbon ring group, such as an
arylene group such as a phenylene group and a tolylene group, a cycloalkylene group
having 3 to 10 carbon atoms, for example, a cyclobutylene group such as a
1,3-cyclobutylene group, a cyclopentylene group such as a 1,3-cyclopentylene group, a
cyclohexylene group such as a 1,4-cyclohexylene group, and a cyclooctylene group
such as a 1,5-cyclooctylene group; crosslinked cyclic hydrocarbon groups such as a

cyclic hydrocarbon group having 2 to 4 rings and 4 to 20 carbon atoms, for example, a
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2-methyl-2-adamantyl (meth)acrylate, 2-ethyl-2-adamantyl (meth)acrylate,
2-propyl-2-adamantyl (meth)acrylate, 2-butyl-2-adamantyl (meth)acrylate,
1-methyl-I-cyclohexyl (meth)acrylate, 1-ethyl-I-cyclohexyl (meth)acrylate,
1-propyl-I-cyclohexyl (meth)acrylate, 1-butyl-lI-cyclohexyl (meth)acrylate,
1-methyl-l-cyclopentyl (meth)acrylate, 1-ethyl-I-cyclopentyl (meth)acrylate,
o A Y RSB
an AaRIRYAOIA 2 dAngPiklr methylethw, Q\%@Qﬁ}ﬂaiﬁd digarbaxylie Raid eroup:
disters Such as maleic acid diesters, fumaric acid diesters, and'itaconic
andaitiel likesters; (meth)acrylic acid aryl esters such as phenyl (meth)acrylate
and benzyl (meth)acrylate; aromatic vinyl esters such as stylene,
a-mét/Tatifehy nalyrangibi sxnomaiegaeiBedhoirgaualnaneit having a

-methoxystylene; radical polymerizaple monomers having a nitrile group
Sulfs%)u W%]%lgé%éfgr%tgﬂ éﬁneﬁ r%%%%g%gnﬁﬂrﬁzﬁ]adical polymerizable

monomers having an amide bond such as acrylamide and
methacrylgmide; fatty acid vinyl esters such as vinyl acetate; radical
polymerizable monomers having a chlorine atom such as vinyl chloride
an@Harykdene 20 chloride; and conjugated diolefins such as
1,3-butad\|‘ene, isoprene and 1,4-dimethylbutadiene can be given. Of
these, (mgﬂ%)acrylic acid alkyl esters, radical polymerizable monomers
having a Bitrile group, radical polymerizable monomers having an amide
bond, and\ meth)acrylic acid alkyl esters having a hydroxyl group are
preferable’ se monomers may be used either individually or in
combination of two or more. When copolymerized with the other
radically-polymerizable monomers, the proportion of the other
radiéanhegorymitable and Rorre aeisgmefet dinyestesdd arthestormplg (5).
less of the total amoynt of the mer. If

ore preferably 40 mol% ol .
The tarmial S s e O BRI IPE DG Sehon e ahaih dPadoma/ R with

a sﬂ?&rgf}@ﬁﬁ.d- Since it is difficult to remove the upper layer film, a residue
may remain on the resist pattern after development.
Preferable examples of the monomer shown by the formula (6) include

vinylsulfonic acid, allylsulfonic acid, 2-(meth)acrylamide-2-methyl-1-propanesulfonic
acid, and 4-vinyl-1-benzenesulfonic acid. Of these sulfonic acid monomers,
vinylsulfonic acid and allylsulfonic acid are particularly preferable.

The resin component of the upper layer-forming composition of the present
invention contains at least one recurring unit selected from a group consisting of a
recurring unit having a group shown by the above formula (2), a recurring unit having a
group shown by the above formula (3), a recurring unit having a group shown by the
above formula (4), a recurring unit having a carboxyl group, and a recurring unit having
a sulfo group.

In addition, other radically-polymerizable monomers may be copolymerized
with the resin component of the upper layer-forming composition of the present

invention in order to control the molecular weight, the glass transition temperature,
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As examples of the polymerization solvents used for preparing the
alkali-soluble resins, alcohols such as methanol, ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, ethylene glycol, diethylene glycol, and
propylene glycol; cyclic ethers such as tetrahydrofuran and dioxane; alkyl
ethers of polyhydric alcohol such as ethylene glycol monomethyl ether,

sl e ShealmanpRY et sttwiene gycp) dimeiy sther, glyjene

S © e .
ethy diethyleéne glycol monomet r ylene glycol

rad BARP IV RINEH IEIEHYIANS Qe dimetvl e m digidangialyag! diethyl

ether, diethylene glycol ethyl methyl ether, propylene glycol monomethyl

polethatizalsid prapytene glycelditonoeidiéitisspaikyleatherpaceiatesngfmonomer
polyhydric alcohol such as ethylene glycol ethyl ether acetate, diethylene
may e spaehyMstitadacetate, propylene glycol ethyl ether acetate, and

I lycol thyl et tate; tic hyd b
e R TP REICHES BTk B PRI S Meaghacc bl
aroMEtMisARIbEEINGE (G¥aIRRsyARBE. ARy diRxy dinsthvsdipentanone,

and diacetone alcohol; esters such as ethyl acetate, butyl acetate,

(metigthyldadttyetoxypraplacatare h-eilyl-grieyhraxyteneibpiprdgiasairerylate,
ethyl-2-hxdroxy-2-methylpropionate, ethoxy ethyl acetate, hydroxy ethyl
tertglpitdtemphrsyi iy thenp rtiagilbeielaten-hexyl (meth)acrylate, cyclohexyl

g P B b TS A L DA 2 B2 Yven.
(& ARESR X ERPEnalSLEINRE O ol b el ether

acetates of polyhydric alcohol, ketones, and estéers are “preferable. A

met@xVdpihpyEedddisanalmerizaat ouickialopopn be: BedlasmthB)acrylate,
polymerization catalyst in the radical copolymerization. As examples, azo
medsmpbaidicnasdycak(methisanlsicomethripiteyleneglycol (meth)acrylate,

2“%%‘@?85%‘%@)’3?%? | %ﬁﬁé)fg t?1)—’2—a1dama1ntyl (meth)acrylate,
2-pfopraRis e ZAmE Aok IERREIEERAes such as

enizoyl peroxide, lauroyl peroxide, tert-butylperoxypivalate,
1-ndefhiyhis-(GRmohetylpenem)eyelahexanpyiand jiydregan pemids laan be

given. When using a peroxide as the radical polymerization initiator, a
1-pregukingyat@eridynbdy)acrylate, 1-butyl-1-cyclohexyl (meth)acrylate,
1-methyl-1-cyclopentyl (meth)acrylate, 1-ethyl-1-cyclopentyl (meth)acrylate,
1-propyl-1-cyclopentyl (meth)acrylate, 1-butyl-1-cyclopentyl (meth)acrylate,
1-adamantyl-1-methylethyl (meth)acrylate, and 1-bicyclo[2.2.1]heptyl-1-methylethyl
(meth)acrylate; dicarboxylic acid disters such as maleic acid diesters, fumaric acid
diesters, and itaconic acid diesters; (meth)acrylic acid aryl esters such as phenyl
(meth)acrylate and benzyl (meth)acrylate; aromatic vinyl esters such as stylene,
a-methylstylene, m-methylstylene, p-methylstylene, vinyl toluene, p-methoxystylene;
radical polymerizable monomers having a nitrile group such as acrylonitril and
methacrylonitrile; radical polymerizable monomers having an amide bond such as

acrylamide and methacrylamide; fatty acid vinyl esters such as vinyl acetate; radical

polymerizable monomers having a chlorine atom such as vinyl chloride and vinylidene
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combined to form a redox-type initiator. The polystyrene-reduced weight
average molecular weight (hereinafter referred to as "Mw") of the
alkali-soluble resin obtained by the above method determined by gel
permeation chromatography is generally 2,000 to 100,000, preferably
2,500 to 50,000, and more preferably 3,000 to 20,000. If Mw of the

a i-soéuble. reg{g d%fo .thanCghosologyga%eé.resistance and mechanical

lkal
Chlcﬁ?ld‘aﬁé?ﬁescg?]t upper a)ll%sr T 18 unduﬁﬁb{ﬁ?%ﬁﬁ?&%‘}%gﬁ 00,000, the

1,45&1%{1{%16&5!&%399&&HB%NEH?eQ)?Qh’e%@E%d%ﬁ%ﬁ%ﬁid%%yﬂ&?eféﬂ%&éal
Mw to the polystyrene-reduced number average molecular weight
polfnesaindlienkefenied tavdadMnijidé treuesinddeigrodimedibybie hpameasion
chromatography (GP02 (Mw/Mn) of the copolymer is usually from 1 to 5,
havipg) ap aaradg mgndoand (IBethRqeyHecteidplkytheiterehaadng édntdinsyl group are

- '}%]lr%glrities such as halogens or metals in an amount as small as possible.
pre Sthaller the amount of impurities is, the further it can 22 improve

apPHGRRUIN R ARYRRE IRYREHIBHRRHRS BIRRSTHER BRI ion of two or

homogeneously dissolved in an alkaline developer. Asa purification
moraethod of the resin, a chemical purification method such as washing with
water or liquid-liquid extraction and a combination of such a chemical

purifi¥aeibsapeitiverkad wighjcihpurntceibhnelthedzalemnggomers, the
ultrafiltragign, centrifugation, or the like can be given. In the present
ProUEAAGH, T RS L L LB A RSN GPStC TR P s
and R TRRLRay SW RGN LEA D6 IRNARH AL NS HARYRHRLOMPIRBre than
composition for immersion lithography of the present invention in order to
50 increaskeapplisiaiilivy, thdatsamabiltykidueliogvprepe ek canddiie [BmcAs &

_ surfactant, fluorine-containing surfactants commercially available under
diffisalttia denmyin e oPIBMayoDbinanyresNng 100 igmatutactiy seslsy ke after
d C{EX%MIE Co., Ltd.), "MEGAFAC F142D", "MEGAFAC F172", "MEGAFAC

Ve PPl "MEGAFAC F183" (manufactured by Dainippon Ink and

ggeél@g&%l%%@%sg?f El@g{&grﬁgf}ﬁ%h sqTared E&rdy BIQjot'a%El'ga{@%;gali-soluble
- , uorad FC-431 (manufactured by Sumitomo 3M), "Surflon
resiBs] AR0hS1rBgeh Sslmhathair el 31profudlon-prdgkhicl, 1-butanol, 2-butanol,
ethylene glycol, diethylene glycol, and propylene glycol; cyclic ethers such as
tetrahydrofuran and dioxane; alkyl ethers of polyhydric alcohol such as ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol dimethyl ether,
ethylene glycol diethyl ether, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether,
diethylene glycol ethyl methyl ether, propylene glycol monomethyl ether, and propylene
glycol monoethyl ether; alkyl ether acetates of polyhydric alcohol such as ethylene
glycol ethyl ether acetate, diethylene glycol ethyl ether acetate, propylene glycol ethyl
ether acetate, and propylene glycol monomethyl ether acetate; aromatic hydrocarbons
such as toluene and xylene; ketones such as acetone, methyl ethyl ketone, methyl

isobutyl ketone, cyclohexanone, 4-hydroxy-4-methyl-2-pentanone, and diacetone

alcohol; esters such as ethyl acetate, butyl acetate, methyl-2-hydroxypropionate,

21



and "Surflon S-145" (manufactured by Asahi Glass Co., Ltd.), "SH-28PA",
"SH-190", "SH-193", "SZ-6032", and "SF-8428" (manufactured by Dow
Corning Toray Silicone Co., Ltd.), and the like can be used. The amount
of surfactants to be added is preferably 5 parts by weight or less for 100
parts by weight of the alkali-soluble resin. In addition, a low molecular

C ound sych as g radiation-sensiti id generator (hereinafter
et v g RSt Ak SRhe T A B sy
acekh‘?@,%@éﬁ{yf@&m%&%%&Hﬁﬂi@fyﬁ%&?f&%iﬁm{%ﬁ& of the present

invention in order to increase lithography performance of the resist. As

megxaBpteshok ipecpdich genataiod filkxisos yiapivice: cetng i athoi@)paopionate,
disulfonyl methane compound, (3) an onium salt compound, (4) a sulfone
andeaetBybAc sy wroniiitc sbhepga, (6 dhsesrdinatsisortiodateer of
d the ljke can be given. 23 Examples of thes id generators are given
SR i e RSk S SRR
prefQgypoUNds, compounds of the following formula (7) can be given, 0 11
COIlI119N-n_C-R10(7) CO 1l 0 wherein R10 is a monovalent organic
group aitiniR lig @ elivialtinilorgBmie gratiyn inikamooayatemedrgathe group
includes a substituted or unsubstituted linear or branched alkyl group, a
polypissinaied ertunsubstheitadies)rralkprgietiinta sulsstitatapiess azo compounds

sufRupas SR A BT ORI U, SRS s e
2,2’-azobis-(2,4-dimethylvaleronitrile),
2,2’-azobis-(4-methoxy-2-dimethylvaleronitrile); organic peroxides such as benzoyl
peroxide, lauroyl peroxide, tert-butylperoxypivalate,
1,1’-bis-(tert-butylperoxy)cyclohexane; and hydrogen peroxide can be given. When
using a peroxide as the radical polymerization initiator, a reducing agent may be
combined to form a redox-type initiator.

The polystyrene-reduced weight average molecular weight (hereinafter referred
to as “Mw”) of the alkali-soluble resin obtained by the above method determined by gel
permeation chromatography is generally 2,000 to 100,000, preferably 2,500 to 50,000,
and more preferably 3,000 to 20,000. If Mw of the alkali-soluble resin is less than
2,000, water resistance and mechanical properties of the upper layer film is unduly low;
if more than 100,000, the solubility in the above-mentioned solvents is significantly low.
The ratio of Mw to the polystyrene-reduced number average molecular weight
(hereinafter referred to as “Mn”) of the resin determined by gel permeation
chromatography (GPC) (Mw/Mn) of the copolymer is usually from 1 to 5, and
preferably from 1 to 3.

It is preferable that the resin contains impurities such as halogens or metals in an

amount as small as possible. The smaller the amount of impurities is, the further it can
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group includes a substituted or unsubstituted alkylene group, a substituted
or unsubstituted alkenylene group, a substituted or unsubstituted
phenylene group, and the like. As examples of the sulfonimide
compound, N-(trifluoromethylsulfonyloxy)succineimide,

N (trifluoromethylsuIfonyloxy)bicyclo[2 2 1]hept-5-ene-2,3-dicarboxyimide,

sulfon CCI
o RS Ty L2 05 LEOBRE R B
disQ(cRMPRe LKA 'é}xa%%f?cédbﬁ%éh%ﬁ%ﬂdﬁ@@%y imiflgmical
N-(p-toluenesulfonyloxy)succineimide,
puri{peiiuesdsd toril oxy)aygiofatR A thapir3:guie-2@rdi earhoxigimide a
N-(4-trifluoromethylbenzenesulfonyloxy)succineimide,

mtmuﬁrwhmym@ﬁfmféﬁwawﬁﬁw@azphmefml%ﬁ@azlsndn%thod

El t24 N-( erfIL#orobenzen S Xﬁ%SUCCIneI d}§: .
Se orcr)% i7engst P&%yl%xﬁbucy ™ et Blendi 2R BESFBLYYiRRLOD:
thqusnﬁ' @PB@HH&H%%@F%&QM%WM&%@HQIOH of two or more.
N-(nonafluorobutylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide
, N-fparffuateoctanesultadylbxy)sueeingiatitger-forming composition for
N-(perfluorooctanesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimid
im@erﬂo&@ﬂg@m@ﬁmgwg@dﬁ@mjgé in order to increase applicability,

su bicyc %fé% ]ﬂ ept-5-ene-2,3-dicarboxyimide,
de R?&)ai)nﬁ E J’g‘ 5 gx 68 F?z 1]hept-5-ene-2,3-dicarboxyimide
angxé\la iurfactant fluorine- contammg[ surfactants commerciall avallable under the

(5 methyl-5-carboxymethanebicyclo]2.2.1]hept-2-yl)sulfonylocxy}

traddiegineimidgMarobe give B Disuifonyhueihiane 6orBpOWKWEME Co., Ltd.),
examples of the disulfonylmethane compounds, compounds of the

“Midliovhing FoAdllia (BfEanbaglitr © WIBGAFAC F1737, and “MEGAFAC
F183” (manufactured by Dainippon Ink and Chemicals, Inc.), “Fluorad FC-1357,

“Fluorad FC-170C”, “Fluorad FC-430”, and “Fluorad FC-431 (manufactured by
Sumitomo 3M), “Surflon S-112” “Surflon S-113”, “Surflon S-131, “Surflon S-141”,
and “Surflon S-145" (manufactured by Asahi Glass Co., Ltd.), “SH-28PA”, “SH-190”,
“SH-193”, “SZ-6032”, and “SF-8428” (manufactured by Dow Corning Toray Silicone
Co., Ltd.), and the like can be used.

The amount of surfactants to be added is preferably 5 parts by weight or less for
100 parts by weight of the alkali-soluble resin.

In addition, a low molecular compound such as a radiation-sensitive acid
generator (hereinafter referred to as “acid generator”), an acid, and the like may be
added to the upper layer-forming composition for immersion lithography of the present
invention in order to increase lithography performance of the resist.

As examples of the acid generator, (1) a sulfonimide compound, (2) a disulfonyl
methane compound, (3) an onium salt compound, (4) a sulfone compound, (5) a

sulfonate compound, (6) a diazomethane compound, and the like can be given.
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11111 R11-S-C-S-R12 (8) 11 W O O wherein R11 and R12 individually
represent a linear or branched monovalent aliphatic hydrocarbon group, a
cycloalkyl group, an aryl group, an aralkyl group, or another monovalent
organic group having a hetero atom, and V and W individually represents
an aryl group, a hydrogen atom, a linear or branched monovalent aliphatic
hydrocarbon nother monovalent organic group having a hetero
atorl;]%3 r%slrﬁ%;%leas e%?fﬁ"}%rﬁé‘ A an%a?yl group, V and W bond to

(1)forngglmgﬂ%céwog%/§ychc ring having at least one unsaturated
bond, or V and W bond to form a group shown by the following formula

(8-1IA L& ¥mldCof (el fonivihidehenaipoliadygl ddtimshvidisadlythe podlssving
en atom, a halogen atom, a linear or branched alkyl group, a

forw&vo(a?kyﬂ@hﬂ@vam aryl group, or an aralkyl group, or V and W' bonding
to the same carbon atom or different carbon atoms bond together to form
a monoc;gllc hydrocarbon structure (in the case that there are two or
more V's apnd W's, the V's and W's may be either the same or different),
and r is arginteger of 2¢o 10. (3) Onium salt compound As examples of
the onlurﬁ salt, an iodoflium salt, a sulfonium salt, a phosphonium salt, a
dlazorﬂ N anmnioni@t salt, ad@ a pyridinium salt can be given.
SpeCIfI ples of thé onium salt compound include

wherein R is a monovalent organic group and R’ is a divalent organic group.

The monovalent organic group includes a substituted or unsubstituted linear or
branched alkyl group, a substituted or unsubstituted cyclic alkyl group, a substituted or
unsubstituted aryl group, a perfluoroalkyl group, and the like, and the divalent organic
group includes a substituted or unsubstituted alkylene group, a substituted or
unsubstituted alkenylene group, a substituted or unsubstituted phenylene group, and the
like.

As examples of the sulfonimide compound,
N-(trifluoromethylsulfonyloxy)succineimide,
N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
N-(10-camphorsulfonyloxy)succineimide,
N-(10-camphorsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
N-(camphorsulfonyloxy)-7-oxabicyclo[2.2.1]hept-5-ene-dicarboxyimide,
N-(p-toluenesulfonyloxy)succineimide,
N-(p-toluenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarbox yimide,
N-(4-trifluoromethylbenzenesulfonyloxy)succineimide,

N-(4-trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,

24



bis(4-t-butylphenyl)iodonium nonafluorobutanesulfonate,

bis(4-t-butylphenyl)iodonium trifluorobutanesulfonate,

bis(4-t-butylphenyl)iodonium perfluorooctanesulfonate,

bis(4-t-butylphenyl)iodonium p-toluenesulfonate,

bis(4-t-butylphenyl)iodonium 10-camphorsulfonate,

4-1rj Iuor%methr}/lb%ze esulfonate,. bis(4-t-butylphenyl)iodonium
ritorobenzEResutlt nate; sd‘,%‘ﬁg%%b onium nonafluorobutanesulfonate,

N- (e oropeksaradl
N-@%BY&Q&%%HHH%QS?Bf@?&@&!ﬁﬁﬁ?ﬁéﬁt-§191?@-Q}’ii-%‘%'&ﬂﬂmayimide,

perfluorooctanesulfonate, diphenyliodonium p-toluenesulfonate,
N-@iphehdiotdoniynhenzengsutidneiaidiphenyliodonium
10-camphorsulfonate,
N-@ipdhiaresnismianylnuprosicie) e h Rearssuforaid; iR NisHeRium
N_ﬁer uorobenzen?tsquTna e, tr%?]helr%}/hsulfonium nonafluorobutanesulfonate,
|e|5 3%?88}%1&%%0%% Joromethahidstifonate, triphenylsulfonium
N- _@fﬁHBfQQ&E%_@éHHQﬂ%BFy)HiP#gGM%M&'b%@ﬂ@-'k‘,%%%%&%}%ﬁ%ide,
u

riphenylsulfoniumbenzenesulfonate, triphenylsulfonium

N-(bereanaplidoayliongiecdadiipidenylsulfonium
4-trifluoromethylbenzenesulfonate, triphenylsulfonium

Nt & ey dpsinshr
rirruorom anes nate, ri(QR-me nyl)suironl ..
N R T e R s i yimide, and

N- {‘Eg'-‘d?(!ﬁ’i@r‘l’-%r-%ﬁﬁmﬁHt%%hﬂ%%%?el&'[%&.ﬁ]ﬁﬁb‘?&gb?&l@ﬁ%@?%@hcineimide

perfluordoctanesulfonate, tri(p-methoxyphenyl)sulfonium
canfbtofirsiesulfonate, tri(p-methoxyphenyl)sulfonium benzenesulfonate,

tri(p-methoxyphenyl)sulfonium 10-camphorsulfonate,
(Zpis(Priudophasiiioe epipeurftioromethanesulfonate,

D eSS At%ias ofth following
for&mfw@r)o%elgyg{pggnyl)iodonium tirfluoromethanesulfonate,

tris(p-fluorophényl)sulfonium trifluoromethanesulfonate,

tris(p-fluorophenyl)sulfonium p-toluenesulfonate,

(p-fluorophenyl)diphenylsulfonium trifluoromethanesulfonate,

1-(4-n-buthoxynapfithyl)tetrahydrophenium nonafluoro-2-butanesulfonate,

triphgnylsulfonium J;,ﬁ,g-tetraﬂLegro-z-(tetracyclo[4.4.0.12's. 17,10

]do ecanﬁ-8-)1)etqfxnesulfonate,

O W O

wherein R'' and R"* individually represent a linear or branched monovalent aliphatic
hydrocarbon group, a cycloalkyl group, an aryl group, an aralkyl group, or another
monovalent organic group having a hetero atom, and V and W individually represents
an aryl group, a hydrogen atom, a linear or branched monovalent aliphatic hydrocarbon
group, or another monovalent organic group having a hetero atom, wherein at least one
of V and W is an aryl group, V and W bond to form a monocyclic or polycyclic ring
having at least one unsaturated bond, or V and W bond to form a group shown by the

following formula (8-1),

25



triphenylsulfonium 1,1-difluoro-2-(tetracyclo[4.4.0.12,5.
17,10]dodecane-8-yl)ethanesulfonate,
1-(4-n-butoxynaphthyl)tetrahydrophenium
1,1,2,2-tetrafluoro2-(tetracyclo[4.4.0.12,5.17"
10]dodecane-8-yl)ethanesulfonate, and
1-(4-n-butoxynaphthyl)tetrahydrophenium
1,1-difluorgs2-(tetracyclo[4.4.0.12,5.17' 10]dodecane-8-yl)ethanesulfonate.
(4) Sulfoné compound As examples of the sulfone compounds,
(3-ketostilfope, (3-s@lfonylsulfone, an a-diazo compound of these
compounds’, and the like can be given. As specific examples of the
sulfone ca’?’npound, phenacylphenylsulfone, mesitylphenacylsulfone,
bis(phenylsulfonyl)methane, 4-trisphenacylsulfone, and the like can be

iven. 27 ulfonate compounds As examples of sulfonate compounds,
A R et PSR g hce o
brafiHONG/y RO e A e.AVEN A SPERITG. SHAMBIGAOT G SuliPRalga
compounds, benzointosylate, pyrogalloltris(trifluoromethanesulfonate),
W’ pyiatiaf abnsénanaftiobor?abiamesifftoaate)drbon atoms bond together to form a

pyrogalloltris(methanesulfonate),
mopfeyBa Ry eohfia o At liadehease shpfchete are two or more V’s and W's,

e R ST GD AT EH S Se HARALL 4RH EerD A CRo31 10
L ihane compounds, compounds Shown by he
followsng datpied af Becambe giemn ddditn 31l ~uRI[ud sdli -aS - R14
pho(?gholnliulrr% salt, a diazonium salt, an ammonium salt, and a pyridinium salt can be
given.

Specific examples of the onium salt compound include
bis(4-t-butylphenyl)iodonium nonafluorobutanesulfonate, bis(4-t-butylphenyl)iodonium
trifluorobutanesulfonate, bis(4-t-butylphenyl)iodonium perfluorooctanesulfonate,
bis(4-t-butylphenyl)iodonium p-toluenesulfonate, bis(4-t-butylphenyl)iodonium
10-camphorsulfonate, 4-trifluoromethylbenzenesulfonate, bis(4-t-butylphenyl)iodonium
perfluorobenzenesulfonate, diphenyliodonium nonafluorobutanesulfonate,
diphenyliodonium trifluoromethanesulfonate, diphenyliodonium
perfluorooctanesulfonate, diphenyliodonium p-toluenesulfonate,
diphenyliodoniumbenzenesulfonate, diphenyliodonium 10-camphorsulfonate,
diphenyliodonium-4-trifluoromethylbenzenesulfonate, diphenyliodonium
perfluorobenzenesulfonate, triphenylsulfonium nonafluorobutanesulfonate,
triphenylsulfonium trifluoromethanesulfonate, triphenylsulfonium

perfluorooctanesulfonate, triphenylsulfonium p-toluenesulfonate,

triphenylsulfoniumbenzenesulfonate, triphenylsulfonium 10-camphorsulfonate,
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0 0 wherein R13 and R14 individually represent a monovalent group such
as an alkyl group, an aryl group, a haloalkyl group, and a haloaryl group.
As examples of the diazomethane compounds,
bis(trifluoromethanesulfonyl)diazomethane,
bis(cyclohexanesulfonyl)diazomethane,

trip iéc, bﬁﬂﬁ%nesulfon diazomﬁé aneértl)égwf-toluenesurlllfon%ll?lﬂiazomethane,

um A-triffuoromet nate, triphen onium
me ansuﬂ“onyl-p-touenesu nﬁ%%azome?nané, pheny

perfiEiRfiRranRSUionNleL téLl{#ms;?gsi&%nymggmmmane,

bis(1,1-dimethylethanesulfonyl)diazomethane,

trifhis{3p3edinnethifedh fedicixpspith i it endgantaul fenyifldieobmetainéonate,
bis(1,4-dioxaspiro[4.5]decane-7-sulfonyl)diazomethane, 28

tri(pigyethotpiBheiarvdianbmeihEerotlyereiaatkaneam isaaipven. Preferable

) .(examlE)Ies cilf th )akﬁ)ve acid g nerators are as f(t)llows. It is preferable to
T RdBA 18 2R The RONTBEURE SIERRAHEM B g8l consisting of

tri(E—iﬁ{étﬂ' QH@@MBRHMH%&%WM@EQ@%?{ﬂfﬁ{@ﬁ%xgéphenyl)sulfonium

is(4-t-butylphenyl)iodonium perfluoro-n-butanesulfona

berhis{éstberytpheity!iadontyph@riomafi@dulfohdteamphorsulfonate,
_ bis(4-t-butylphenyl)iodonium 10-camphorsulfonate, _ _
bistisflaarephyphiotesdenititlupreffebenefadionein beredlweeakenyliodonium

bis(4-t-butylph iodoni 4-trif hylb Ifopat
T T
(o-HIRRSANAY ORI S RRE ARG HHARaIEsu iphgOYIsulfonium

perfluoro-h-butanesulfonate, triphenylsulfonium p-toluenesulfonate,

tristppihestyishdfon)sutfdiQeampheisuianatesitioheatey sisfiemiusfophenyl)sulfonium
2-trifluoromethylbenzenesulfonate, triphenylsulfonium

p-talueitisotbmaihyibélispiaisdidapbetolpriéeniemshlupomethanesulfonate,
1-( ’%ﬁé@g&%%@i%ﬁ%ﬁ&%ﬁgﬁg@é%qﬂﬁgg?ro—Z—butanesulfonate,
triplﬁé%yfgHﬁf)%r&%hanesulfonyloxy)bicycle_[Z._Z.1]hept-5-ene-2,3-dicarboxyimid
e, N-(10-camphorsulfonyloxy)succineimide, N-(camphorsulfonyloxy)
1,1bicyelatdiddtihentdranetdjigarooxyimidgdodecane-8-yl)ethanesulfonate,
triphenylsulfonium
1,1-difluoro-2-(tetracyclo[4.4.0. 1%, 17’10]dodecane—8—y1)ethanesulf0nate,
1-(4-n-butoxynaphthyl)tetrahydrophenium
1,1,2,2-tetrafluoro2-(tetracyclo[4.4.0. 1%, 17’10]dodecane—8—y1)ethanesulf0nate, and
1-(4-n-butoxynaphthyl)tetrahydrophenium
1,1-difluoro-2-(tetracyclo[4.4.0.1>°.17'°|dodecane-8-yl)ethanesulfonate.
(4)  Sulfone compound

As examples of the sulfone compounds, B-ketosulfone, B-sulfonylsulfone, an
a-diazo compound of these compounds, and the like can be given.

As specific examples of the sulfone compound, phenacylphenylsulfone,

mesitylphenacylsulfone, bis(phenylsulfonyl)methane, 4-trisphenacylsulfone, and the

like can be given.
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N- t (5-methyl-5-carboxymethanebicyclo[2,2,1]hept-2-yl)sulfonyloxy}
succinimide, bis(4-t-butylphenyl)iodoniumperfluorooctanesulfonate,
diphenyliodonium nonafluorobutanesulfonate, diphenyliodonium
trifluoromethanesulfonate, diphenyliodonium perfluorooctanesulfonate,
diphenyliodonium 10-coaphorsulfonate, triphenylsulfonium
erflugrooctanesulfonate, tri(p-methoxyphenyl)sulfonium
rifIu%{%fr%neatﬁé:r?gls%(ﬂlonr%te, tri(p-methoxyphenyl)sulfonium
19'C@Mﬁ{ﬁwg(?ﬂ%mfoHﬁéQ?&Mﬁ@ﬂh&rﬁﬂ)@%rk'l'ﬂ%nate, a haloalkyl sulfonate,
trifluoromethanesulfonate, bis(p-fluorophenyl)iodonium
an amghaiilfonareth anésw Holfiatateh w{p -t dikopbanyl) igidemium
camphorsulfonate, (p-fluorophenyl)(phenyl)iodonium
triﬂwmmawd%&@,thﬁé@fﬂ%mﬁ@fwﬁﬂfbwmnwsylate’

pyrgg%l?ﬁgggtéﬁﬁl?oers %fog%ggéﬁ%%%%}%p?%%@%fﬁg Il(())rllli l'H]{]lozrg—2—butanesulfonate),

ohate, op suffoniu

pylggm%ﬁ{mﬁ%ﬁﬁ?e)mﬁ_{obenz 1-9,10-diethoxyanthracene-2-sulfonate,
(5-methyl-5-carboxymethanebicyclo[ ,2,1]hept-2-yl\§sulfonyloxy}

a-nthgiloibuasyintosylate, a-methylolbenzoin n-octanesulfonate,
N-(nonafluorobutylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide

a—meméﬁg]hﬂ@@ﬁ@giﬂmfmg)gmﬁpﬁm@’and a-methylolbenzoin n-decanesulfonate

-(benzenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
“Ahi§&Y&Bhexanesulfonyl)diazomethane,
(62!5(%%&5%9&%%5' '%ﬂgpiro[S.5]dodecqne-8-suIfonyl)diazomethane,
is(1,4-dioxaspiro[4.5]decane-7-sulfonyl)diazomethane,

bis(taBuyishiifiesj dirzdimethemheane compounds, compounds shown by the
1-(4-n-butoxynaphthyl)tetrahydrothiophenium

follesiag fioreHa Hgraditeivams, triphenylsulfonium
1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0.12,5.1"10]dodecan-8-yl)ethanesulfon
ate, triphenylsulfonium
1,1-difluorgy2-(sgtragyclo[4.4.0.12,1.17'10]dodecan-8-yl)ethanesulfonate,
1-(4-n-butHpxyhaphthyl)tetrahydrothiophenium
1,1,2 B etiftuéro-2(tetRityclo[4.49D.12,5.17'10]dodecan-8-yl)ethanesulfo
nate, and H-(4-n-buHhoxynaphthyl)tetrahydrothiophenium
1,1-difIuorc?-z-(tetra&clo[4.4.0.12,5.17'10]dodecan-8-yl)ethanesuIfonate.
As examples of the acids, carboxylic acids and sulfonic acids can be
given.

S

wherein R"? and R™ individually represent a monovalent group such as an alkyl group,
an aryl group, a haloalkyl group, and a haloaryl group.

As examples of the diazomethane compounds,
bis(trifluoromethanesulfonyl)diazomethane, bis(cyclohexanesulfonyl)diazomethane,
bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)diazomethane,
methansulfonyl-p-toluenesulfonyldiazomethane,
cyclohexanesulfonyl-1,1-dimethylethylsulfonyldiazomethane,
bis(1,1-dimethylethanesulfonyl)diazomethane,
bis(3,3-dimethyl-1,5-dioxaspiro[5.5]dodecane-8-sulfonyl)diazomethane,

bis(1,4-dioxaspiro[4.5]decane-7-sulfonyl)diazomethane,
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Examples of the carboxylic acids and sulfonic acids are as follows.
Examples of the low molecular compounds such as carboxylic acids and
sulfonic acids include: formic acid, acetic acid, propionic acid, butanoic
acid, pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid,
nonanoic acid, decanoic acid, undecanoic acid, lauryl acid, tridecane

bis&%ﬂt q%ﬁ%otllgﬂ?%g% éﬁ&h%%%cgggitﬁ (%c}i%,_ g@lr%tic acid, heptadecanoic acid,

1ven, .
tearic acid, propanoic aci ety Lﬁanmc acid,

2'”“?@5’4%@%%9% opRElByRUtBRalERE 02 i SN¥hYanoic acid,

tert-butylacetic acid, ()-2-methylpentanoic acid, 2-propylpentanoic acid,
3-méthytpefeiablzicoanid a8 dstathydpgrianbielacield Z-onethylbexaomitsting of
_acid, ()-2-ethylhexanoic acid, 2-methylheptanoic acid, 4-methyloctanoic
bisgcidbyxtnhearitodeaigmaadnpramsthyneatdanaischisGiyrislphge deigdonium
utylmalonic acid, dimethylmalonic gcid, succinic acid, methylbutanedioic
SRS e BN

bis%l%ﬂ%ﬁ)ﬂﬁﬁf}%&%ﬁiﬁiﬁ 3616 SINBHG ARG e 2oRRHMANIBHE, AR lonium

glutaric acid, 2,3-dimethylglutaric acid, 2,4-dimethylglutaric acid,
2-ti3fBrelioneithylieiiaciccacithnaci pidsatic b Seyhsibyldddoicnanial

2,2,5,5-tetramethyladipic acid, pimelic acid, suberic acid, azelaic acid,

4-tglpaamadiglbenzencgwidierspdelidrbbriiekaiyl ins@asdnedioic acid, 1,

12-dod di li id, de dioi id
2 AR RUF Uy S OpeHetsRABBic acic,
trip%&xfis‘{ﬂ%ﬁﬂﬁﬁtﬁé@%m%%?aﬁ‘ééﬁif&i%?%ﬁ%ﬂ?lﬁﬁ%nﬁﬂﬂk‘ IRACSHS Afifhate,
pentafluoropropanoic acid, heptafluorobutanoic “acid, hexafluoroglutaric

tripheigyl glyeolicradiocarhyasexyisabutarnpieagichlfonium
2-hydroxy-2-methylbutanoic acid, 2-ethyl-2-hydroxybutanoic acid,
2-tiflpcrgeneshylBentstiopidnanisidraany)selfyiirexy-4-methylpentanoic acid,

R e ST o S
L
N- (R 1roARbm:{ulfatinix amiyaethoxymeptic -aaid 2gdheyidortitadis,
N-(10-camphorsulfonyloxy)succineimide, N-(camphorsulfonyloxy)
bicyclo[2.2.1]hept-5-ene-dicarboxyimide,
N-{(5-methyl-5-carboxymethanebicyclo[2,2,1]hept-2-yl)sulfonyloxy } succinimide,
bis(4-t-butylphenyl)iodoniumperfluorooctanesulfonate, diphenyliodonium
nonafluorobutanesulfonate, diphenyliodonium trifluoromethanesulfonate,
diphenyliodonium perfluorooctanesulfonate, diphenyliodonium 10-coaphorsulfonate,
triphenylsulfonium perfluorooctanesulfonate, tri(p-methoxyphenyl)sulfonium
trifluoromethanesulfonate, tri(p-methoxyphenyl)sulfonium 10-camphorsulfonate,
bis(p-fluorophenyl)iodonium trifluoromethanesulfonate, bis(p-fluorophenyl)iodonium
nonafluoromethanesulfonate, bis(p-fluorophenyl)iodonium camphorsulfonate,

(p-fluorophenyl)(phenyl)iodonium trifluoromethanesulfonate,

tris(p-fluorophenyl)sulfonium trifluoromethanesulfonate, tris(p-fluorophenyl)sulfonium
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3-methoxypropionic acid, (-)-menthoxyacetic acid, ()-tetrahydro-2-fronic
acid, ()-tetrahydro-3-fronic acid, thiolacetic acid, thiopivalic acid,
2-mercaptopropionic acid, 3-mercaptopropionic acid,
mercaptobutanedioic acid, (methylthio)acetatic acid, thiodiglycolic acid,
3,3'-dithiodipropionic acid, 3-carboxypropyldisulfuric acid,

-2- hylthi i0i i . .
D O i T S P LR ST Sy
N-RHRREIBOIRBE( HEBRYERAIE il SrOXPNMARDIS 3T Grcinimie.

4,6-dioxoheptanoic acid, 31 2-oxopentanedionic acid, 2-oxohexanedionic
N-(@oich fRroxbhegdtaifedidnic fdid,cldf2x0hiheansdinee, Bidiidatiepinnideacid,
cyclobutanecarboxylic acid, cyclopentanecarboxylic acid,
N-@ytabisaasyiderrioaoiicadnpipentylpropionic acid, cyclohexylacetic acid,
icyclohexylacetic acid, .cyclohexanepropignjc acid, cyclohexanebutanoic
N- SR RSB B1E A RS ey SRR S bowyiic acid,
bis%%l@%%ék&%lﬁh%%ﬁé{m"c acid,

=3-methyl-I-cyclohexanecarboxylic acid, 4-methyl-cyclohexanecarboxylic

bisecdisderidbLif dycladpexdb Stasiecadis &eidfonyl)diazomethane,
trans-4-pentylcyclohexanecarboxylic acid, 4-methyl-cyclohexaneacetic

bisgeiidiRpspinékatdasmerdndelinabidi azeyathjurexahydromandelic acid,

. 3-methoxycyclohexanecarboxyljc acid, 4-methoxycyclohexanecarboxylic
BN O e e
noHRiRoandR XAl Ay iRkl ifaghylbicyclo[2.2. Lheptane-2-acet

c acid, (+)-camphorcarboxylic dcid, (-)-camphorcarboxylic acid,

1,1¢dehinydiold 3 D] vat@netdrearbarylic’ dithdecan-8-yl)ethanesulfonate,
_anti-3-oxotricyclo[2.2.1.02'6]heptane-7-carboxylic acid,
tripBeaydwaenanBecarboxylic acid, 1-adamantanecarboxylic acid,

SRS e, A RS pcecty . oo o1-
1- AR RREAMBYBIS A duliiEiphigxanediacetatic acid, ()-trans-

1,2-cyclohexanedicarboxylic acid, ()- 1,3-cyclohexanedicarboxylic acid,

1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0. 123, 17’10]

dodecan-8-yl)ethanesulfonate, and
1-(4-n-buthoxynaphthyl)tetrahydrothiophenium
1,1-difluoro-2-(tetracyclo[4.4.0.1*°.17'°|dodecan-8-yl )ethanesulfonate.
As examples of the acids, carboxylic acids and sulfonic acids can be given.
Examples of the carboxylic acids and sulfonic acids are as follows.
Examples of the low molecular compounds such as carboxylic acids and
sulfonic acids include:
formic acid, acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic acid, lauryl acid,
tridecane acid, myristic acid, pentadecanoic acid, palmitic acid, heptadecanoic acid,
stearic acid, 2-methylpropanoic acid, 2-ethylbutanoic acid, 2-methylbutanoic acid,

3-methylbutanoic acid, 2,2-dimethylbutanoic acid, tert-butylacetic acid,

(£)-2-methylpentanoic acid, 2-propylpentanoic acid, 3-methylpentanoic acid,
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1,4-cyclohexanedicarboxylic acid, 1,3-adamantanedicarboxylic acid,
1,3,5-cyclohexanetricarboxylic acid,
(1a,3a,5a)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,
(1a,3a,5(3)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,
1,2,3,4-cyclobutanetetracarboxylic acid,
cis,cis,cis,cis-1,2.3,4-cyclopentanetetracarboxyli id, . .
D R B BN e BB K98 e acetic
z_ﬁ&;gyl@gt&ﬁet@mh!-@Mﬁ@ﬂﬁ@%ﬁﬁew&y&ga@elqeﬁ;qxaieﬁ@%mjenylacet'c
acid, diphenylacetic acid, triphenylacetatic acid,2-phenylpropionic
medsithiddphendigrapioicabdeid; 2tk bayy1:d;Bedinetid|bitatojmadichic acid,
2.,2.-diphenylproi)ionic acid, 3,3-diphenylpropionic acid,
sucginigagighexsimtbpisiaeiaacrlphrlpeayibitaeidoic acid,
-ethyl-2-phenylbutanoic acid, ,3-phe utanoic acid, 4-phenylbutanoic
it SRR e N e
2-nfs WihExaRRIC AR TIHALCRNRIYI2CR UGG glutaric acid,
(R)-(-)-a-methoxyphenylacetic acid, phenoxyacetic acid,

2,43 phah oot prapiaiid a8 8- digrehyhanexiipaoidionlpacidid, 3-methyladipic acid,
11-phenoxyundecanoic acid, 2-phenoxybutanoic acid, ()-mandelic acid,
2,23-a-tefstnsdypladinraedtlc raglalio agydiraBencptseh ippbiiicisic axstrcedisidic

cid, thiophengxyacetic acid, S-benzylthioglycoljc acid, . .
L TR S SRy Lo RE ARS8 frimiC ACHESBREHgiByRI acid
he:A0iCharhBRZRNRrPRIaNIc AsitkiAcRRRAYIPYtaRoic acid, phenylmalonic.
acid, benzylmalonic acid, phenylbutanedioic acid, 3-phenylpentanedioic
2-naaity] oH Y lpestia acichrbb2ynbaside nediacetianetetracarboxylic acid,

_acid,()-1-benzcyclobutenecarboxylic acid, 1,2,3,4-tetrahydro-2-naphthoic
diflyeiacatts acdl folowaatghacetit poiaflpaaprepieny kecdtiecatdtuorobutanoic

.2-chlorophenylacetic acid, 2-bromophepylacetic gcid, . .
sy B BN o8 o NI AT AR5 i,
2-hYd?5Q3€§3%¥ﬁ?z%lﬂ§H8ié‘8@d§z(& ENRRIRNGBYRRIGRIANIE acid,
,2-phenyleneoxydiacetic acid, 2-hydroxyphénylacetic acid,
(+)2nitiapheniasatigrtithoid42ditrophamitoRyoxensananaiaasic acid,

2-formylphenoxyacetic acid, homophthalic acid, m-tolylacetic acid,

(B)(&;hydreKidsronmniecigifadetieyderdyderyarixgpde iy hrénx népdecanoic acid,

12-hydroxystearic acid, D-marinic acid, (R)-(-)-citramarinic acid,

(¥)-2-isopropylmarinic acid, 3-hydroxy-3-methylglutaric acid, D-tartaric acid, L-tartaric
acid, citric acid, (1R,3R,4R,5R)-(-)-quinic acid, methoxyacetic acid, ethoxyacetic acid,
3-methoxypropionic acid, (-)-menthoxyacetic acid, (£)-tetrahydro-2-fronic acid,
(£)-tetrahydro-3-fronic acid,

thiolacetic acid, thiopivalic acid, 2-mercaptopropionic acid, 3-mercaptopropionic acid,
mercaptobutanedioic acid, (methylthio)acetatic acid, thiodiglycolic acid,
3,3’-dithiodipropionic acid, 3-carboxypropyldisulfuric acid,
(£)-2-(carboxymethylthio)butanedioic acid,
2,2°,2>,2°"-[1,2-ethanediylidenetetrakis(thio)]tetrakisacetic acid, (+)-3-methyl

2-oxopentanoic acid, 5-oxohexanoic acid, 6-oxoheptanoic acid, 4,6-dioxoheptanoic acid,
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3-methoxyphenylacetic acid, 3-methoxymandelic acid, 3-nitrophenylacetic
acid, p-tolylacetic acid, (4-methylphenoxy)acetic acid,
3-fluorophenylacetic acid, 4-isobutyl-a-methylphenyl acetic acid,
4-(4-chloro-o-tolyloxy)butanoic acid, 1,4-phenylenediacetic acid,
4-fluorophenylacetic acid, (a,a,a-trifluoro-p-tolyl)acetic acid,

-0 e T D APTBIR 3814,

orophenylacetic acid, 4-romop eny?lacé icac

2-oxonantiiforiioraahenyliRsapiiic acid, 4-(bromomethyl)phenylacetic

acid, 1-(4-chlorophenyl)-1-cyclopentanecarboxylic acid,
cycBeprahtetobenday b panipadithecarboxylic acid, cyclopentylacetic acid,
1-24-methoxyphenyl)cyclopentanecarboxylic acid,

3-cyclapsiditpiapiprinyiyidoplekanEseb6adtie. sisaclehasyirseistsitiacetic

id, 4-eth h ti id, 3-(4-meth henyl ioni id, .
ex R NS D S Ry B GRS 1 i
e TS ROEIIRBITE RCKD & S IENRRISN A i

()-4-methoxymandelic acid, 4-chlorophenoxyaceticC acid,

() Bsfrkiloraphdsiexyacaiicoadid adid; Bistd thyldroxiihleemyd pemianbicaakid,
4-bromomandelic acid, 4-(dimethylamino)phenylacetic acid, S
+-teptritropreiolasenecatiox igamndrdpherybprofionlehsainecarboxylic acid,
4-(4-nitrophenyl)butanoic.gcid, 3-(4-methoxybenzoyl)propionic
S RSO BRI 30, DSBS o
&) FHuponhrRoxvAGeHE AGHH DatetbcAPANSARRYIRRRRIGAE!D.

2-(4-chlorophenoxy)-2-methylpropionic acid,
4-n%:H-dibyclih-pleassikyioabidaneiohapitn&arboxylic acid,

10-dihydro-y-oxo-2-phenanthrenebutanoic acid,
2-nerbomiansacptiy Bshénoxy)acetic acid, 2,6-difluorophenylacetic acid,

2,§-diﬂ orophenylacetic ac'da ,5-diflyorophenyl eﬂ acid, . )
(1R3-S0 SRR Ry RS S 3B AR B e Bl -2-acetic acid,
wAshigrorosioblonyasefic acidy harbisiiiueramethyhphenylacetic acid,

(3,4-dimethoxyphenyl)acetic acid, 3,4-(methylenedioxy)phenylacetic acid,
cis- Bilyowsi33hydexyphenytasstic acid, 5-methoxy-1-indanone-3-acetic acid,

3-(3,4-dimethoxyphe2nyl)propionic acid, 4-(3,4-dimethoxyphenyl)butanoic
anthé'r@,x()Zr,g‘.yﬁ}ﬂ[&ﬁokg)pﬂ@nmya@e}f@aabmgylic acid, 3-adamantanecarboxylic acid,
1-adamantanecarboxylic acid, 1-adamantaneacetic acid, 3-methyl-1-adamantaneacetic
acid, trans-DL-1,2-cyclopentanedicarboxylic acid, 1,1-cyclopentanediacetic acid,
(1S,3R)-(-)-camphoric acid, 1,1-cyclohexanediacetatic acid,
(£)-trans-1,2-cyclohexanedicarboxylic acid, (+)-1,3-cyclohexanedicarboxylic acid,
1,4-cyclohexanedicarboxylic acid, 1,3-adamantanedicarboxylic acid,
1,3,5-cyclohexanetricarboxylic acid,
(1a,30,50)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,
(1a,30,5B)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,
1,2,3,4-cyclobutanetetracarboxylic acid,

cis,cis,cis,cis-1,2,3,4-cyclopentanetetracarboxylic acid,

1,2,3,4,5,6-cyclohexanehexacarboxylic acid, benzoic acid, phenylacetic acid,
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(4-hydroxy-3-methoxyphenyl)acetic acid, ()-4-hydroxy-3-methoxymandelic
acid, ()-3-hydroxy-4-methoxymandelic acid, DL-3,4-dihydroxymandelic
acid, 2,5-dihydroxyphenylacetic acid, 3,4-dihydroxyphenylacetic acid,
3,4-dihydroxyhydrocinnamic acid, 4-hydroxy-3-nitrophenylacetic acid,
podocarpic acid, 2,5-dihydroxy-1,4-benzenediacetic acid,

LRy e DR BReI el ack. 34 5 S oo Eheny RBIOni. i

0]
ntafiuorophenyla acl nylacetic acli

acid;” laceliccaciah, 3-pRANIIMIRAEHS a6id; 3-phenylpropionic acid, 2-benzyl

()-a-trityl-2-naphthalenepropionic acid, (1-naphthoxy)acetic acid,
3,3(2mmaphibaxyyeiceticd a2zl diphdryhathoxyiarialiyb-dpaphihatenesicetiid,
acid, 9-fluoreneacetic acid, 2-methylbenzoic acid, 2-fluorobenzoic acid,
3.3 2RISR MhEN201d doemmbineis iadzdiethrid-phefdyisanisosid,
cid, salicylic acid, thiosalicylic acid, .2-nitrobenzoic acid, .
S-S BRI Aok B PR BEl oG B TS BRSLAS o acid,
3-nith U@-ﬁ%@ﬁ}ﬂyél?&%?é%a‘al%é% ﬁ%ﬁh@f&zﬁfaﬁ&iﬁuéf%{%ﬁyﬁ%ﬁé%d,

acid, 3-dimethylaminobenzoic acid, 3-nitrobenzoic acid, ethylbenzoic
(R)aGido-dratidbeisitaaid adirphytoenzaid agitt, S-ishaiopyhbepionic acid,
4-butylbenzoic acid, 4-tert-butylbenzoic acid, 4-pentylbenzoic acid,

() 2 tpbepeiz or adfdaddnpplipenzoiederaacis-ade Berirsigrabig anoic acid,
4-flugrobenzoic acid, 4-trifluoromethylbenzoic acid, D
RO G dblBPUESRES Ot Es sy o op e IGTsRisgignie cid
roRGiacArMGHRABRYZQIG A%t & @O yhepgoic acid,

4-ethoxybenzoic acid, 4-propoxybenzoic acid, 4-pentyloxybenzoic acid,

2-ethiexyixyhipzaiglacitc dehiepbrexiiénzoic asil] phosiypxhenscid, acid,

4-nonyloxybenzoic acid, 4-decyloxybenzoic acid, 4-undecyloxybenzoic

3-bagrdylpeuietiglesith dnbeieadiitanciscapich phirpEngioiaafdd, benzylmalonic
.4-hydroxybenzqic acid, 4-(methylthio)benzoic acid, 4-(ethylthio)benzoic

R AR e R R A

1 24REoRGRARIGAC L4 %ﬁ%@&%gk‘i&‘&%&ﬁ%&%@%ﬁ?‘dehyde’

phthdlic acid, isophthalic acid, 1,2,3-benzenetricarboxylic acid,
1,2t8ephibamlieracichaph2hibecice (&b eardxytic @eillyl)acetic acid,

1,3,5-benzenetricarboxylic acid, 1,2,4,5-benzenetetracarboxylic acid,
2-fiyerorimalytacstiarosdy echtmheplinsetisyabish Zohsomophenylacetic acid,
(£)-2-(2-chlorophenoxy)propionic acid, 2-methoxyphenylacetic acid,
(£)-2-methoxymandelic acid, 3-(2-methoxyphenyl)propionic acid,
1,2-phenyleneoxydiacetic acid, 2-hydroxyphenylacetic acid, 2-nitrophenylacetic acid,
3-(2-nitrophenyl)-2-oxopropanoic acid, 2-formylphenoxyacetic acid, homophthalic acid,
m-tolylacetic acid, (a,a,a-trifluoro-m-tolyl)acetic acid, 3-hydroxyphenylacetic acid,
3-methoxyphenylacetic acid, 3-methoxymandelic acid, 3-nitrophenylacetic acid,
p-tolylacetic acid, (4-methylphenoxy)acetic acid, 3-fluorophenylacetic acid,
4-isobutyl-a-methylphenyl acetic acid, 4-(4-chloro-o-tolyloxy)butanoic acid,
1,4-phenylenediacetic acid, 4-fluorophenylacetic acid, (a,a,0-trifluoro-p-tolyl)acetic
acid, 4-(trifluoromethyl)mandelic acid, 3-(4-fluorobenzoyl)propionic acid,

4-chlorophenylacetic acid, 4-bromophenylacetic acid,
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acid, 2,6-dimethylbenzoic acid, 3-fluoro-2-methylbenzoic acid,
2,3-difluorobenzoic acid, 2,6-difluorobenzoic acid,
2-fluoro-6-trifluoromethylbenzoic acid, 2-fluoro-3-trifluoromethylbenzoic
acid, 2,6-bis(trifluoromethyl)benzoic acid, 2,3-dimethoxybenzoic acid,
2,6-dimethoxybenzoic acid, 3-methylsalicylic acid, 35 3-isopropylsalicylic
cid, 3-methoxysalicylic acid, 3-hyd salicyli Id, 6-hydroxysalicylic
5 DB PR RA BSOS AEt S S SRR A
1- 2—'£Hﬁ%é]h%' ifyabenZgif AGich 3rBRINR Y MIEbaNEABAEGy 1) propionic acid,
(B-nitrop thg%i)%: ac?dy,azi,%-dimethylbﬁzoic acid%,S-dimethy?ger?zo]i)c acid,
1-(5-ihedroxpineiyiylyengeictacidaribRulicaddnethylbenzoic acid,
2,4-bis(trifluoromethyl)benzoic acid, 2,5-bis(trifluoromethyl)benzoic acid,

1-($-mtlmroidisanbsice biex ecyipeiords rigo it msidoxgphenylacetic acid,

4 gl‘mro-ﬁ-triffuoromet%yg) A’lzoichacid, 2,5-1 iquorobenzod'c acid,
SRy AR eﬁfdi‘é%%.%’f@ﬁ%% PhhigthoRienzoic acid,

- Lﬁa@m@‘}?’ RXYPEBFAIOLRCI 2 2 NSIpNAS IZRIc-ACH,

! (3,4-dimet oxybenzoic acid,1 3,4-diethoxybe§zoic acid, piperonylic acid,

2-(B1nydioxypienoathplopianicaanid3 - dmedyislieyiit) peigi driathylsalicylic
acid, 5-fluorosalicylic acid, 2-methoxy-4-(methylthio)benzoic acid,

() strmsthoxysumephs agid; 4-shiraphpsanaypietiaarid. bis(4-chlorophenoxy)acetic

.4-hydroxy-3-methoxybenzoic acid, 3-hydroxy-4-methqxybenzoic acid,
acig B RSB ST eB B URHRIGh ad
icac dieth j icyli id,
et i,
2-(B3+mnedpykdyhipropRinio e AGid(2-methyebyhibiahesizaici@cid,
2-fluoro-5-nitrobenzoic acid, 4-fluoro-3-nitrobenzoic acid,
3-(4-meshiesxpRasiopenoic adid, BhvduophanrinobeizaitdaBld-phenyllactic
.3-hydroxy-4-nitrobenzoic aci -hydroxy-5-nitrobenzoic acid,.
s SRS 5 4 TReA DI OB i aci
2-(4-MIFoRNISRRYRlC AR RPN Reifn PAROEISPRBANG RBitanoic
1,4-pehnylenedipropioriic acid, 3,5-dimethylbenzoic acid,
aci@, 5; gt ylaubylbexz.Qiphasith Bréneiilitaioierzdic acid,
3,5-bis(trifluoromethyl)benzoic acid, 3,5-dimethoxybenzoic acid,
(2,8 &-thiryeroypeaixsir) acttic 3G ddinrd dbrzorheridacgitereidutylisophthalic

acid, 5-nitroisophthalic acid, .. L : .
2,4—cﬁf?uor0p eny a%etﬂ: acuij} é%—dlﬂuorophenylacetlc acid, 3,4-difluorophenylacetic

acid, 3,5-difluorophenylacetic acid, 4-chloro-o-tolyloxyacetic acid,
3,5-bis(trifluoromethyl)phenylacetic acid, (3,4-dimethoxyphenyl)acetic acid,
3,4-(methylenedioxy)phenylacetic acid, 3-fluoro-4-hydroxyphenylacetic acid,
5-methoxy-1-indanone-3-acetic acid, 3-(3,4-dimethoxyphenyl)propionic acid,
4-(3,4-dimethoxyphenyl)butanoic acid, (2,5-dimethoxyphenyl)acetic acid,
(4-hydroxy-3-methoxyphenyl)acetic acid, (£)-4-hydroxy-3-methoxymandelic acid,
(¥)-3-hydroxy-4-methoxymandelic acid, DL-3,4-dihydroxymandelic acid,
2,5-dihydroxyphenylacetic acid, 3,4-dihydroxyphenylacetic acid,
3,4-dihydroxyhydrocinnamic acid, 4-hydroxy-3-nitrophenylacetic acid, podocarpic acid,

2,5-dihydroxy-1,4-benzenediacetic acid, 3,4,5-trimethoxyphenylacetic acid,
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5-(4-carboxy-2-nitrophenoxy)isophthalic acid, 2,3,4-trifluorobenzoic acid,
2,3,6-trifluorobenzoic acid, 2,4,6-trimethylbenzoic acid,
2,4,6-trifluorobenzoic acid, 3,4,5-trifluorobenzoic acid,
3,4,5-trimethoxybenzoic acid, 3,4,5-triethoxybenzoic acid, 36
2-hydroxy-3-isopropyl-6-methylbenzoic acid,

-hyd -6-i -3-methylb [ id, 3,5-dii Isalicyli id,
- D R i e - ST e T
+ofpfendibvroibenzalaan thebucipsdnrimstbpybnzoic acid

ydroxy-3,5-dimethoxybenzoic acid, 4,5-dimethoxy-2-nitrobenzoic acid,
() drmrériiy2-3pidiniteabprapiiniacidid A-hydphrye3ydadititratidngdicaphitlox y)acetic
~3,5-dinitrosalicylic acid, 3-hydroxy-4-methyl-2-nitrobenzoic acid,
acig, §HA-frimibeaNyBeRbir dcrthalsnertgdiorda i ugsrpeacetic acid,
2,4,5-trimethoxypenzoic acid, 2,5-dihydroxyterephthalic acid, .
e e et s s R
2-nfethx§HEHRLOLRH REIBERANIC AR ARVRAIUCIOREREI 6ichcid,
tetrafliioroterephthalic acid, tetrafluoroieophthalic acid, tetrafiiorophthalic
2-néeiter2diphaayiashokdid weitk oA bydi Bonddbjenylcadioxy!ituaeithenzoic
“4,4'-biphenyldicarboxylic acid, 2-benzylbenzoic acid, 2-bibenzylcarboxylic
acigcidtrilwwmehydhramisreptehosiaestiecaeiic achehbxdtsenpsizasiacid,
3-phenoxybenzoic. acid, 4-phenoxybenzoic acid, 2-henzoylbenzoic acid,
3 GO i DB S PRz ach
4-e S IR RIRAF A DPENABIG Al a il 4-§Z SR PR HZAIRNEBYIAYLARGIE acid,
acid, 1-naphthalenecarboxylic acid, 2-naphthalenecarboxylic
4-racibidyfhioraicnaphthaengtamowlicidcithex ylbenzoic acid, 4-heptylbenzoic
1-hydroxy-2-naphthalenecarboxylic acid,

acid-Ayeholgenrriptidl éndeaithpazmcatdtl, 4-trifluoromethylbenzoic acid,
3-hydroxy-2-naphthalenecarboxylic acid, 2-ethoxy-l-naphthalenecarboxylic

Ry S BYCHBABENy e SO Cenoe de)

4-n§e§f6¥t§mgﬁ%>6%ﬁkﬁ%kh@#ﬁf&?&&@?ﬁ&ygg&%c Ldanarhiilanedigarhaaylic

acid, 2,3-naphthalénedicarboxylic acid, 2,6-naphthalenedicarboxylic acid,

4-plopdopshioxinaiithaldehysiebarihanylenteayhaxpia asicacid,

9-fluorenecarboxylic acid, 1-fluorenecarboxylic acid, 4-fluorenecarboxylic
4-hgpisll oxhapaaspdifubresigeatisaxyiic aged 4-nonyloxybenzoic acid,
4-decyloxybenzoic acid, 4-undecyloxybenzoic acid, 4-dodecyloxybenzoic acid,
4-iso-propoxybenzoic acid, 4-hydroxybenzoic acid, 4-(methylthio)benzoic acid,
4-(ethylthio)benzoic acid, 4-dimethylaminobenzoic acid, 4-(diethylamino)benzoic acid,
4-nitrobenzoic acid, 4-acetylbenzoic acid, 4-carboxybenzaldehyde, phthalic acid,
isophthalic acid, 1,2,3-benzenetricarboxylic acid, terephthalic acid,
1,2,4-benzenetricarboxylic acid, 1,3,5-benzenetricarboxylic acid,
1,2,4,5-benzenetetracarboxylic acid, benzenehexacarboxylic acid, 2,3-dimethylbenzoic
acid, 2,6-dimethylbenzoic acid, 3-fluoro-2-methylbenzoic acid, 2,3-difluorobenzoic acid,
2,6-difluorobenzoic acid, 2-fluoro-6-trifluoromethylbenzoic acid,

2-fluoro-3-trifluoromethylbenzoic acid, 2,6-bis(trifluoromethyl)benzoic acid,

2,3-dimethoxybenzoic acid, 2,6-dimethoxybenzoic acid, 3-methylsalicylic acid,
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9-hydroxy-9-fluorenecarboxylic acid, 9-fluorene-I-carboxylic acid,
9-fluorene-2-carboxylic acid, 9-fluorene-4-carboxylic acid, 37
7-nitro-9-oxo-4-fluorenecarboxylic acid, 9-anthracenecarboxylic acid,
9,10-anthracenedipropionic acid, xanthene-9-carboxylic acid,
2,7-di-tert-butyl-9,9-dimethyl-4,5-xanthenedicarboxylic acid,

.2,2'-(et dioxy)dianiline-N,N,N' N'-tet ti id, .. .. )
RS o R DNt ooy s lisaric:
6—hk|'qﬂ9ﬁt¥él?€§ﬁ'i'@59i@'%Bklﬁﬂ?’i%%&?@oéﬂi@f@%ﬁﬁ'ﬁ'—lfﬂéﬁfﬁl-ﬂ?ﬁﬁgyé%ﬁﬁ%id,

acetyl-4-fluoro-DL-phenylalanine, methanesulfonic acid, ethanesulfonic
2-nagigyltduritebenzoic acid, 3-methoxy-2-nitrobenzoic acid, 3-nitrophthalic acid,

3-[(1,1-dimethyl-2-hydroxyethyl)amino]-2-hydroxy-l-propanesulfonic acid,
2 Aglimeitnbyareiy e |)%ﬁ1mmeﬁlhkb@r@wlaﬁrép%ﬁ%‘m&1m%yébenzow acid,

1R)-(-)-10-campharsulfonic acid, (1S)-(+)-10-camphorsulfonic acid,
TR s e i A e

2, sBsEeeacRRasH s AC (et RMIBRRYIRNYEBCH4_difluorobenzoic acid,

(butylamino)sulfonic acid,
2- flybrd-A-teiflabuaretBy{teiiacicield, £ G-Iz adidie]dode aaid; 8-yl)ethanesulfon
ic acid, and

3-methefiffurbipethitbeaesicl6fadd oo vrmetieudeadoscyiyeédhanesulfonic
acid. Preferable.acid ong the abpve carboxylic acids and sulfonic .
2.4 R OB VoA it Abehbdbne YRRt itio ORI b zoi acid
3 4REBIANQIGAGI REXAMRIE Al NERIANAICAG. 2HRNRIM G nangnoic
acid, decanoic acid, undecanoic acid, lauryicl” acid, tridecanic acid,
4-niptistidiagich pearadaeanoialrside paimisiclacidsdirplasiasdnoic acid,
stearic acid, 2-methylpropane acid, 2-ethylbutanoic acid, 2-methylbutanoic

2-mpthnx g4rensihislitaptiendgeid apid. dimethgiisedisolic aeid; femashepmsiylic
.acid, ()-2-methylpentanoic acid, 2-propylpentanoi aci%ﬁ .
e e B R e A GHAAOR AT SRRDARIS At acic,
3,4%%}%‘@!391‘?8&%?&%%92 2SRRI, ARI 9 A-METHRSRA0IG A%,
oxalic acid, malonic acid, methylmalonic acid, ethylmalonic acid,
4-dsiymaiania ket c dicng thyhpalpgnicragishe susicinicdadidnensthylatitabedioic
acid, 2,2-dimethylbutanedioic acid,
acid, 3-methyl-4-nitrobenzoic acid, 2-methyl-5-nitrobenzoic acid,
2-fluoro-5-nitrobenzoic acid, 4-fluoro-3-nitrobenzoic acid, 4-methoxy-3-nitrobenzoic
acid, 3-methoxy-4-nitrobenzoic acid, 3-hydroxy-4-nitrobenzoic acid,
2-hydroxy-5-nitrobenzoic acid, 2,4-dinitrobenzoic acid, 3,4-dinitrobenzoic acid,
4-methylphthalic acid, 4-hydroxyisophthalic acid, 4-nitrophthalic acid, nitroterephthalic
acid, 1,4-pehnylenedipropionic acid, 3,5-dimethylbenzoic acid, 3,5-di-tert-butylbenzoic
acid, 3,5-difluorobenzoic acid, 3,5-bis(trifluoromethyl)benzoic acid,
3,5-dimethoxybenzoic acid, 3,5-dihydroxybenzoic acid, 3,5-dinitrobenzoic acid,
5-tert-butylisophthalic acid, 5-nitroisophthalic acid,
5-(4-carboxy-2-nitrophenoxy)isophthalic acid, 2,3,4-trifluorobenzoic acid,

2,3,6-trifluorobenzoic acid, 2,4,6-trimethylbenzoic acid, 2,4,6-trifluorobenzoic acid,

3.,4,5-trifluorobenzoic acid, 3,4,5-trimethoxybenzoic acid, 3,4,5-triethoxybenzoic acid,
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2-ethyl-2-methylbutanedioic acid, 2,3-dimethylbutanedioic acid, glutaric
acid, 38 2-methylglutaric acid, 3-methylglutaric acid, 2,3-dimethylglutaric
acid, 2,4-dimethylglutaric acid, 3,3-dimethylglutaric acid, adipic acid,
3-methyladipic acid, 2,2,5,5-tetramethyladipic acid, pimelic acid, suberic
acid, azelaic acid, sebacic acid, 1, 1 1-undecanedicarboxylic acid,

§iinsEIssini add. bl odecanedoaboryic a0l headecanedlc

tricarpoxylic aci -m opanetricar OX)HIC

aci@CiSs likcpfpyianeigiraraiveic asrdudifluarpacrisatigictifidoroacetic
acid, pentafluoropropanoic acid, heptafluorobutanoic™ acid,

2, 3lewdildrroghiarid asil, B4t frdibxddecaraimacidid, 2-hydroxydodecanoic
acid, 12-hydrox§tearic acid, citric acid, (-)-menthoxyacetic acid,

3-hydlenavetie -deretionoyroaneicarsil. dridtHiMHio) acatipesl yhsioeiasitic

acid, ()-2-(carboxymethylthig)butanedjojc. acid, .
S T AN R AR bl st
4-h)aPMEY Y RAXAREDIARAIG AYS. FXQRMAARIGAGId, 6-oxoheptanoic
acid, "2-oxopentanedioic acid, 2-oxohexanedioic acid, 4-oxoheptanedioic
3-hadidx pLonniioyishadliole-azid; ayclppsntarnasatoaypbamdichcid,
cyclopentylacetic acid, 3-cyclopentylpropionic acid, cyclohexylacetic acid,

2 Adicyidlonetaacdnaaidid-bydnekmeprpriniecibid; TyduReaTesnibdic

w55 PERTIIEICREROt. 200, 02 e e gpentoon
2,35 BehEYrCheXane aMbY 'é%iﬂ?i%nf’dﬁﬁf&i%ﬂgﬂ%ﬁ' qpgane carboxylic

amd, trans-4-pentylcyclohexane carboxylic acid,

tetréflneibyieybivhtxaoaseticAticroBJpethoxysyidabextnecaiaxyticadd,
4-methoxycyclohexanecarboxylic acid, cycloheptanecarboxylic acid,

2-bpphenpispibpredieticl dcddhydroxy-4-biphenylcarboxylic acid,

[llgli-liaze-e 0,3-ex0)]-3-hydroxy-4,7,7-trimeth C‘Lb'c Iohz. .]élrhe tane-2-aceti
G BOEY RN by e ROt AP et e i
2,3,91,55_ ,l?i'—%}'e(ﬂ&@u%lgbﬂgﬁ%&%géﬁ%rp&é}’ﬂgpﬁgl%xyben_zoic acid, 3-phenoxybenzoic

anti-3-oxotricyclo[2.2.1.:02'6]heptane-7-carboxylic acid,
acid-adamantanecaibaxidiQasidzolipgamniaaesarbioxylibeagislc acid,

1-adamantane acetic acid, 3-methyl 1-adamantane acetic acid, trans-DL-
4-bemaylbrpemanisditafbOngliebasidyDbenepitaisehtanediacetic acid,
4-[4-(2-carboxybenzoyl)phenyl]butanoic acid, 1-naphthalenecarboxylic acid,
2-naphthalenecarboxylic acid, 4-fluoro-1-naphthalenecarboxylic acid,
1-hydroxy-2-naphthalenecarboxylic acid, 2-hydroxy-1-naphthalenecarboxylic acid,
3-hydroxy-2-naphthalenecarboxylic acid, 2-ethoxy-1-naphthalenecarboxylic acid,
1,4-dihydroxy-2-naphthalenecarboxylic acid, 3,5-dihydroxy-2-naphthalenecarboxylic
acid, 1,4-naphthalenedicarboxylic acid, 2,3-naphthalenedicarboxylic acid,
2,6-naphthalenedicarboxylic acid, 1-(8-carboxy)naphthaldehyde,
2-biphenylenecarboxylic acid, 9-fluorenecarboxylic acid, 1-fluorenecarboxylic acid,
4-fluorenecarboxylic acid, 9-hydroxy-1-fluorenecarboxylic acid,

9-hydroxy-9-fluorenecarboxylic acid, 9-fluorene- 1-carboxylic acid,

9-fluorene-2-carboxylic acid, 9-fluorene-4-carboxylic acid,
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39 (1S,3R)-(-)-camphoric acid, ()- trans- 1, 2-cyclohexanedicarboxylic
acid, ()- 1,3-cyclohexanedicarboxylic acid, 1,4-cyclohexanedicarboxylic
acid, 1,3-adamantanedicarboxylic acid, 1,3,5-cyclohexanetricarboxylic
acid, (1a,3a,5a)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,
(1a,3a,5(3)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,

Cis,cis,cis,cis-1,2,3,4-cyclopentanetetracarboxylic aci )
T S S AT RO B B A B BB L enylacetic

9,18CIfh2dREMIRIABIARIC AL astiRR VAR §6id, a-fluorophenylacetic

acid, 3-phenoxypropionic acid, ()-2-phenoxypropionic acid,
2,7 katerebhoptypbetiylatsiicl, fcidnthendyiaaaiix pléichcld2-phenylenediacetic
acid, 1,2,3,4-tetrahydro-2-naphthoic acid, (a,a,a-trifluoro-o-tolyl)acetic
2’Za@a}@eﬂe@mﬁﬁéwwa@étm’%gﬁ’&ﬁnt@fﬁ@@@ﬁmghacetic acid,

2-nitrophenylacetic acid, 3-(2-nitrophenyl)-2-o0 opanoic acid,
N G O L S SR BHER Taeh e e,
N-atyRRARGRYBEENCAG FraftHURIORBEMIEREE 3 phenylalanine,
(a,a,a-trifluoro-p-tolyl)acetic acid, 4-nifrophenylacetic acid,
N-#dtybrofiherioRlapatinyagishires diftharophtyteadtc abigiesulfonic acid, taurine,
2,4-difluorophenylacetic acid, 2,5-difluorophenylacetic acid,
3-[6 4-difmgshaprRehydseerindigmmaldifueroplidnprapatiesabipnic acid,
,D-Djs(trifluor thyl lacetic acid, 3-fluoro-4-hydroxyphenylacetic
5B D BB A Hory TG G B RGADAS) S R trophenyaceti
(19 %%éu?pﬁb?ﬁﬁf@ﬂi&%&ﬁf‘if%ﬁ'-%&%ﬂ‘%)-%%p}?oﬁﬂﬂi?h@éf%’c‘%&“C acid,

-naphthylacetic acid, (1-naphthoxy)acetic acid, (2-naphthoxy)acetic acid,

trifRrbopteibehaoiormciakid; piliokaotelayibansic acid, p2riliiebenaniswtidic acid,
3-fluorobenzoic acid, 3-trifluoromethylbenzoic acid, 3-methoxybenzoic
(methidamingdrdibate oie ddien i laminersrietiyldddzoic acid, 4-nitrobenzoic

S SRt £ SO RO i
AN o 0 a0

2-metbdrabiitielBnznim ¢bhe above carboxylic acids and sulfonic acids are given
below.

Acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic acid, lauryicl
acid, tridecanic acid, myristic acid, pentadecanoic acid, palmitic acid, heptadecanoic
acid, stearic acid, 2-methylpropane acid, 2-ethylbutanoic acid, 2-methylbutanoic acid,
3-methylbutanoic acid, 2,2-dimethylbutanoic acid, tert-butylacetic acid,
(¥)-2-methylpentanoic acid, 2-propylpentanoic acid, 3-methylpentanoic acid,
4-methylpentanoic acid, 2-methylhexanoic acid, (+)-2-ethylhexanoic acid,
2-methylheptanoic acid, 4-methyloctanoic acid, oxalic acid, malonic acid,
methylmalonic acid, ethylmalonic acid, butylmalonic acid, dimethylmalonic acid,

succinic acid, methylbutanedioic acid, 2,2-dimethylbutanedioic acid,

2-ethyl-2-methylbutanedioic acid, 2,3-dimethylbutanedioic acid, glutaric acid,
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acid, 5-fluoro-2-methylbenzoic acid, 3-fluoro-4-methylbenzoic acid,
2,4-bis(trifluoromethyl)benzoic acid, 2,5-bis(trifluoromethyl)benzoic acid,
2,4-difluorobenzoic acid, 3,4-difluorobenzoic acid,
2-fluoro-4-trifluoromethylbenzoic acid, 2,5-difluorobenzoic acid,
3-fluoro-4-methoxybenzoic acid, 5-methyl-2-nitrobenzoic acid,

2 RN B openzole o ety eniycbenrals a6y

n| I’O enzoic uoro-o-ni C acl

2 4Atiﬂﬁ%'1%‘lﬁlg1‘?p§&%lo L ?Gﬂnéﬂﬂgm%)é N OBPNZRi§d@GiGhethyladipic acid,

3-methoxy-4-nitrobenzoic acid; 3-hydroxy-4-nitrobenzoic acid,

2,25 Bydioyethpitidipenaoit; peic]i2, dedinsubaenzoid, aeid)Sadidindbabenoiic
acid, 3,5-difluorobenzoic acid, 3,5-bis(trifluoromethyl)benzoic acid,

1 12 Enéﬁﬁmmbmﬂmczdgmﬂﬂ@nﬂ@smfb Adid-dpdeeanerlisarbpaniioeid,

h 2.4, 6-trifluor 2 n20|c acid, 3 ]431 5-trifluorobenzoic acid,
exil e%%ﬁlglg i |’[ro %aneén % ﬁy&rc?x%? ;5-dinitrobenzoic acid,

2- n:r)bt-rh 'ri'tﬁ%?l'@fgﬁeﬁ‘f&%?of’yﬁéré@}@rPQg{‘ZQJﬁtaﬁagtracarboxyhc acid,

,5-tetrafluorobenzoic acid, 2,3,5,6-tetrafluorobenzoic acid
dlﬂﬁ&@&mt@afmafméemaﬂawbemopeﬁmﬂu@@ptaﬂumﬁbmapimlataﬂhorobutanoic
2,3,4,5,6-pentafluorophenoxyacetic acid, 1-naphthalenecarboxylic acid,

acig. hepHinareabéib agidicl Adiy Irgrasiesaneap Aerhl b xghdeserpic acid,

12 fj}{%/g%gg _ar?f o8 halenece;L §>X—lmeg%8xyaceuc acid, thiolacetic acid, thiopivalic
acn&g g(Mﬁ%%QHMW%@@%%%@Q@d (+) 2-(carboxymethylthio)butanedioic

-dihydroxy-2-naphthalenecarboxylic acid
ac1c$,,5 BuilpNejuersYE Eananbﬂaaigne@wh&nmla@mﬂ]tmmmbtwemed|carboxy||c
acid, 2,3-naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid,

(+)1ﬁéﬂ¢dnés%rmmpﬁré@m@ue@ﬁahés@wiﬁz§a@@m q@dnﬁ@xoheptanmc acid,
1,1-dimethyl-2-h dro eth mmollﬂz hydr Xy anes Ifonic acid,
LERY S é’

S S A 1 Koy
5o ARk AR §HH891'1%?18@&1§$ ey %@}ﬂ&mca%%d

trifluoromethylsulfonic acid, perfluoro utanesul onic acid

3-cpeidheangusianiesid tnic @mmhéﬁg@ibydwnm@)awiamﬁ@@mcem acid,

(butylamino)sulfonic acid,

cyclohex meptepiopioagidtetyalopsisiach 0 anpis e pistdexagaansthaisesitkon
) P PRk 28 A b foBedr RSt it
4—%@1&&ﬁgﬁéxanecarboxyhc acid, 4-tert-butylcyclohexane carboxylic acid,
trans-4-pentylcyclohexane carboxylic acid, 4-methylcyclohexanacetic acid,
3-methoxycyclohexanecarboxylic acid, 4-methoxycyclohexanecarboxylic acid,
cycloheptanecarboxylic acid, 2-norbornaneacetic acid,
[1R-(2-endo,3-ex0)]-3-hydroxy-4,7,7-trimethylbicyclo[2.2.1]heptane-2-acetic acid,
(+)-camphorcarboxylic acid, (-)-camphorcarboxylic acid,
cis-bicyclo[3.3.0]octane-2-carboxylic acid,
anti-3-oxotricyclo[2.2.1.0*°]heptane-7-carboxylic acid, 3-adamantanecarboxylic acid,
I-adamantanecarboxylic acid, 1-adamantane acetic acid, 3-methyl 1-adamantane acetic

acid, trans-DL-1,2-cyclopentanedicarboxylic acid, 1,1-cyclopentanediacetic acid,
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one acid selected from these acids is preferably used. These acid
generators and acids may be used either individually or in combination of
two or more. The amount of the acid generator or the acid to be added is
usually 10 parts by weight or less, preferably 0.001 to 5 parts by weigh,
and still more preferably 0.005 to 3 parts by weight for 100 parts by

iaght.of the resin. If the amou f the acid generator ar the.acid exceeds
(1S SRR i e e e < heidcrion

(o) Aiansk s RQUMIRE-I RS s mReNeNt Sluted 1B iheHaRpRE laygr-forming

composition. In addition, an acid diffusion controller may be added to the
1,3upherdayecdaurbingylcoaupdsit®b-tociohmensiatictitbogyéiphayidf the present
invention in order to increase lithography performance of the resist. As

(Log3gaAmptd Sor wijerthrid diffusisiPberrrsiacarboerismsithd shown by the

following formula (10) (hereinafter called "nitrogen-cantaining compound
(L RO L Tt RGBSR WErioh & molecule
cis fieERINANIgrIaTeSC p AtnBlipRaRsGONTAIALAg compound (1), diamino
polymers having three or more nitrogenn atoms in a molecule (hereinafter
1,.2refe g6 ielakeiticigancaomiainiogconbpousidadil) pheaptadetic acid,
group-containing compounds, urea compounds, and other
2-phrpodErriomisisg SHdwerpiyentosdhastl nd8 uaiambeyilasatiragd,
15-N-R's (1Q) wherein R15s, which may. be ejther the same oy different,
S IS e R S
aci@"84BI{NCMAING NG SIPHAR 1P WhiIGR Hae Ry Aregen. fieRy a8 AltMhoic acid,
group,the aryl group, or thé aralkyl group is replaced by a 42 functional
(o, @EOU e asayhydeoixyl @aoaplioraprempie kit s cdamples el ipkenylacetic

nitrogen-containing compound (1), monoalkylamines such as
acigh- Reniiephine ] aeditsprgidndind; mtesahyaning orarsapiaeihecidnd
o fspiamine, SIAAIISS S 28 S RIS S0 BSTAR ci
4-fluorophenylacetic acid, (a,a,0-trifluoro-p-tolyl)acetic acid, 4-nitrophenylacetic acid,
4-fluorophenoxyacetic acid, 2,6-difluorophenylacetic acid, 2,4-difluorophenylacetic
acid, 2,5-difluorophenylacetic acid, 3,4-difluorophenylacetic acid,
3,5-difluorophenylacetic acid, 3,5-bis(trifluoromethyl)phenylacetic acid,
3-fluoro-4-hydroxyphenylacetic acid, (2,5-dimethoxyphenyl)acetic acid,
4-hydroxy-3-nitrophenylacetic acid, 2,3,4,5,6-pentafluorophenylacetic acid,
I-naphthylacetic acid, 2-naphthylacetic acid, (1-naphthoxy)acetic acid,
(2-naphthoxy)acetic acid, 2-fluorobenzoic acid, 2-trifluoromethylbenzoic acid,
2-nitrobenzoic acid, 3-fluorobenzoic acid, 3-trifluoromethylbenzoic acid,
3-methoxybenzoic acid, 4-fluorobenzoic acid, 4-trifluoromethylbenzoic acid,
4-nitrobenzoic acid, 3-fluoro-2-methylbenzoic acid, 2,3-difluorobenzoic acid,
2,6-difluorobenzoic acid, 2-fluoro-6-trifluoromethylbenzoic acid,

2-fluoro-3-trifluoromethylbenzoic acid, 2,6-bis(trifluoromethyl)benzoic acid,

2-methyl-6-nitrobenzoic acid, 3-methyl-2-nitrobenzoic acid, 2-methyl-3-nitrobenzoic
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di-n-heptylamine, di-n-octylamine, di-n-nonylamine, and di-n-decylamine;
trialkylamines such as triethylamine, tri-n-propylamine, tri-n-butylamine,
tri-n-pentylamine, tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine,
tri-n-nonylamine, and tri-n-decylamine; aromatic amines such as aniline,
N-methylaniline, N,N- dimethylaniline 2-methylaniline, 3-methylaniline,

wid, ERine, Sitoaning dnhenyanioe, fipheavianyne and
-Raphthyfamme’ can ve glveh S examples e A roge’n containing

2 4%@@9%&%&8&5‘5(&%9&@ aming, s Nl NrbisHamaByiehygnadiamine,
N,N,N',N'-tetrakis(2- hydroxypropyl)ethylened|am|ne

2 Atdifarmeibydeciedieiohidel- difinarokthyten edidrdifieoro-4-trifluoromethylbenzoic
4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl ether,

acid, 2 %@ﬁm&ﬁ@ﬁzemm&ﬂn@&aﬁﬁ%wmmm

no hen k@pro
5- née%yamlrﬁg 1}123 cZa am%%qﬁ%e% )ﬂ b%asgﬁoelc acid, 3-methyl-4-nitrobenzoic

amg %ﬁé&i?f’@%&MB&Z@JW&MMWS)%%%@&ON acid,
-(4-aminophenyl)-2-(4- hydroxyphenyl)propane

4- M@@{ﬁtﬁé@mn@%ﬂ}ﬁemeﬁw&tﬁyﬂbmaacld 3-methoxy-4-nitrobenzoic
~1,3-bis[1-(4-aminophenyl)-1-methylethyl]benzene, and the like can be .
acigiielyxeaxAriresesrhe %ﬂ@o%&i@@mﬁﬁrw@@wﬂmgﬁél@% 4-dinitrobenzoic

i R 1.3 BioeriMuesometbengpic
acid8 3 Hﬁr%@ﬁ?oﬁ%ktﬂinw &%@Hf&%@eﬁ%@@@ﬂ@? Nsmaihyliarmamidssd,

N,N-dimethylformamide, acetamide, N-methylacetamide,

2,4, Mifliroeibytacriaciid 8, sopiflnaroida zbe ncaditendayyialidatigitrobenzoic
N-methylpyrrolidone, and the like can be given. 43 Examples of the urea

acid¢atripslingyrcludnitiekendredited > dmidginsatioylieagid 123t diriglinpoheazoic
3-tetramethylurea, 1,3- urea, tributylthiqurea, and the like.

e P A e B b,

2,3I8IAZ0IRGER.- %%Qtﬁ?lﬂ%ﬂg%oel%d3%@H{Qfﬂgé‘ﬁ%@nz‘bﬁ‘ﬁém"m'dazo'e

4-methyl-2-phenylimidazole, and
2,3,4,5,6-pentafluorophenoxyacetic acid, 1-naphthalenecarboxylic acid,

2-naphthalenecarboxylic acid, 4-fluoro-1-naphthalenecarboxylic acid,
1-hydroxy-2-naphthalenecarboxylic acid, 2-hydroxy-1-naphthalenecarboxylic acid,
3-hydroxy-2-naphthalenecarboxylic acid, 1,4-dihydroxy-2-naphthalenecarboxylic acid,
3,5-dihydroxy-2-naphthalenecarboxylic acid, 1,4-naphthalenedicarboxylic acid,
2,3-naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, methanesulfonic
acid, ethanesulfonic acid, taurine,
3-[(1,1-dimethyl-2-hydroxyethyl)amino]-2-hydroxy-1-propanesulfonic acid,
3-[bis(2-hydroxyethyl)amino]-2-hydroxy-1-propanesulfonic acid,
(1R)-(-)-10-camphorsulfonic acid, (1S)-(+)-10-camphorsulfonic acid,
trifluoromethylsulfonic acid, perfluorobutanesulfonic acid, perfluorooctanesulfonic acid,
(methylamino)sulfonic acid, (butylamino)sulfonic acid,

1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0. 1%, 17’10]dodecan—8—y1)ethanesulf0nic acid, and
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2-phenylbenzimidazole; pyridines such as pyridine, 2-methylpyridine,
4-methylpyridine, 2-ethylpyridine, 4-ethylpyridine, 2-phenylpyridine,
4-phenylpyridine, N-methyl-4-phenylpyridine, nicotine, nicotinic acid,
nicotinamide, quinoline, 8-oxyquinoline, and acridine; pyrazine, pyrazole,
pyridazine quinoxaline purine, pyrrolidine, piperidine morpholine,

11d§ﬁeth ho"”%% "i‘mf’*l jq%cfj'i;rgz :ggglg?fgncamd At least

|aza ctane; an e given ase precurs o
oné@efmﬁeté&'ﬁdﬂ?ﬁ%@péﬁdgi%peﬁé}mé@ used as an acid difusior
controller. As specific examples, N-(t-butoxycarbonyl)piperidine,
N-(t-‘thaaxyddrpamybiorcanbie N f{iayuioxyeaditry iddnddmidaooli,
N-(t-butoxycarbonyl)-2-phenylbenzimidazole,
combiRAibRY ERHRINYANFoctylamine, N-(t-butoxycarbonyl)diethanolamine,

N-(t-hutox carbo dicyclohexylamin . .
e SRR a6 a8 e isrhaegs by
wefé'ltﬁng Oﬁl{?fl%} PRNIECH %ef@ﬁ '%lﬂfpsgﬁf‘n‘f&%tﬁ{@f@&bly 0.005 to 3

compound (1) and the nltrogen containing heterocyclic compound are

parprefenaddidt foralylamines weehast chibardyi prefiralelarastangfthe acid
nitrogen-containing compounds (1), and imidazoles are particularly

ger}@r@f@?@bl@%ﬁ@%@xﬂ%%t}ﬁ@éﬁ%mﬁ% ﬁ@!@r@@&[&d%@mﬁtﬁu Hyslenpef a
acid diffusion con e be used ejther individual or [ com ination
PIGFRE AP RIGHES THSHOR T SRRSO o HGPES BeeEqHaR e
I{.}ﬁ&a}{%r}_o parts by weight or less, preferab[y 0.001 to 5 parts by nggh,
and more preferably 0.005 to 3 parts by weight for 100 parts by weight of
the fasiadifitaeamoidnditfithenacindA eliffusiar adoéditetseaxgredsydOforming
parts by weight, there is a tendency that the lens of a projection aligner is
corppiisiten BT tiveredivipo hdm e dhe teseRipay taien fidraiiwy to increase

osition. The photoresist, patterning method of the present invention

hth%arg’)él}(jg ARSI WEAES N substrate on which the photoresist film is
formﬁge@érﬂﬁfély RS RE acid ditfusion controllers, a compound shown by the

Cco

following formula (10) (hereinafter called “nitrogen-containing compound (I)”),
diamino compounds having two nitrogen atoms in a molecule (hereinafter referred to as
“nitrogen-containing compound (II)”’), diamino polymers having three or more nitrogen
atoms in a molecule (hereinafter referred to as “nitrogen-containing compounds (II1)),
amide group-containing compounds, urea compounds, and other nitrogen-containing

heterocyclic compounds can be given.

RIS

R15 — N — RIS (10)

wherein R'"s, which may be either the same or different, represent a hydrogen atom, an
alkyl group, an aryl group, or an aralkyl group (including the groups in which the

hydrogen atom in the alkyl group, the aryl group, or the aralkyl group is replaced by a
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photoresist composition, a silicon wafer, an aluminum-coated wafer, or the
like may be used. In order to bring out the potential of the resist film to the
maximum extent, an organic or inorganic antireflection film may be
formed on the substrate as disclosed in JP-B-6-12452, for example. The
photoresist used is not particularly limited, and may be appropriately

selectled accordLn to thgrgur ose of tIhe resisii. s examples of the resist,

fungtlgﬂaerﬁlrgg ys-lé?np |f|ae131yp05| ve'tone of ﬁ)é%%lﬁv(ﬁtone resist containing an

acid QenerAes SR AEEn WIENHHE LBRGGLIAXE IR AHQAGRh IR uch as

the composition of the present invention is used, a positive-tone resist is

n-hpayinuladynphefeyabiendn the ghaaiod thencchdmitadyaainplitegdlamine;
ositive-tone resist, the acid-dissociating organic group in the polymer

diafhxkoeings sushertlinetutibmarend-acreyeharstedirsriend Aeidegenerator

. by exposure ta radiation, .to produce a catboxyl group, for example. The

PN RLE S OSBRSS R PO nd 1 STEEIST HAR

wiaAlsRling devsianeriRdng.axientthat theyiadiated Rashisidizsrlved and
removed by an alkaliné developer to produce a positive tone resist

tri-pattarplaitirephotiotesistfilinear - hehoptainathbydissalwhaiine, resin for

_forming the photoresist film in a suitable solvent at a solid component

tri-ggieeRitratsn atg-tole oy MavseicH eafhie ke heN theasdiiigon through
a fijter with a pare size of about 30 nm, for example, btain a resist

N- R A g e S e e MBI bty WA Broprite

- RRHadi BHEuaS FRLRHARCRRIRAN I RS LS PRING RO LEAAURSL ARG ARine
preliminarily baking (hereinafter referred to as "PB") the coated resin

cancednposition to vaporize the solvent. In this case, a commercially
available resist solution may be used as is. The step of forming an upper

layeffilgranplise pHbeordspsefigrugimgheonpsenddyBr s8rngdiamine,
sition comprises applying the upper layer-forming composition of
N’Wﬁ?@ﬁ?ﬁ?}gﬂ%ﬁ@%ﬁgﬁﬁ%%resist film and, usually, again baking the
N GRRURE 49, AR NG JRPES JOUErih ehihGi REeRE R RMARLRs AR SteP 1s
carried out in order to
hexamethylenediamine, 4,4’ -diaminodiphenylmethane, 4,4’-diaminodiphenyl ether,
4,4’-diaminobenzophenone, 4,4’ -diaminodiphenylamine,
2,2’-bis(4-aminophenyl)propane, 2-(3-aminophenyl)-2-(4-aminophenyl)propane,
2-(4-aminophenyl)-2-(3-hydroxyphenyl)propane,
2-(4-aminophenyl)-2-(4-hydroxyphenyl)propane,
1,4-bis[1-(4-aminophenyl)- 1-methylethyl]benzene,
1,3-bis[ 1-(4-aminophenyl)-1-methylethyl|benzene, and the like can be given.
As examples of the nitrogen-containing compound (III), polyethyleneimine,
polyallylamine, a polymer of dimethylaminoethylacrylamide, and the like can be given.
As examples of the amide group-containing compound, formamide,
N-methylformamide, N,N-dimethylformamide, acetamide, N-methylacetamide,

N,N-dimethylacetamide, propionamide, benzamide, pyrrolidone, N-methylpyrrolidone,

and the like can be given.
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protect the photoresist film and to prevent pollution of the lens of a
projection aligner due to elution of components from the photoresist film
into the liquid used for the immersion lithography. In this instance, the
closer the thickness of the upper layer film to an anisoploid of a/4 m
(wherein k is the wavelength of radiation and m is the refractive index of

the er layer film the eater the antlreflectlo ffect gn,the u r5|de
surfﬂa?c):gt)eeP o %/Of:eilsls : are orleldl clig BF% qqe‘(/e{ur%rirctig tr?ientﬁe PSS

1 3%%&1&599&%'qy?@@%t?éﬁ?&ﬂﬂﬁ?éﬁ VIEHIGi i Pé&st?ﬁt'ﬂ”'}’t%‘%lﬁ@a &iilethe

prebaking after the application of the resist solution or ba ing after the
likapplication of the upper layer film forming-composition solution may be
omitted for simplification of the process. A step of forming a resist pattern

by |r?écﬁéﬁﬁ@lﬁﬁe)f)ﬂ@tﬁrti@&‘tfhﬁﬁna@tﬂlﬂgél%ﬁﬁéb@&yéiomtﬁpﬂnﬂt rgitagpleses

t thr f t
s e BB oo G B e DR gl and
2-phRIERANRI 15 a0 & SPRGHIEAICTREIRI iR ClPRint Mfyridine.

pattern It is possibleto adjust the pH of water filled between the
2-ephoperadiss, flrathanip yhidinep pesHaydpfitidind, papheuldgyriptekgrable liquid

medium is pure water. As the radiation used for the liquid immersion
N-mgibgrdppPReappid A dagiHe, SUePHAL At aiytantdsyiglereh)e such
as a]gﬁ)ine and i-line; deep ultraviolet rays such as an excimer laser; X

8ol i RS B PRGOS AN ARG BRI, ARG
py PR PRGIREIONARANE £20. B aneRiNaliRediperarring to the 40

photoresist film and the combination of the photoreS|st film and the upper

1 4layeefilpipiperisadnlipidiaratsioyitiopy caploydnepaidatitarikié inpiafeiable to
use light from an ArF excimer laser (wavelength: 193 nm) or a KrF

excimbasa@@quétéﬁm ap4gishhsRag pieegsrdbleatoabieriurpsbat an acid
xposure baking (herein erabb PEB rder to provide
S o ﬁ%ﬁ%ﬁgw?&f SO RIBSELry, and
N—Jbﬁut b hainddeReralice & Uauals AL IR R ANE, and

preferably 50 to'150C, although the baklng emperature is appropriately
N-@djustegtadssoyDingpietyeheasishidaesl @il theudikeycarbonyl)dioctylamine,

N-(t-butoxycarbonyl)diethanolamine, N-(t-butoxycarbonyl)dicyclohexylamine,
N-(t-butoxycarbonyl)diphenylamine, and the like can be given.

Of these nitrogen-containing organic compounds, the nitrogen-containing
compound (I) and the nitrogen-containing heterocyclic compound are preferable.
Trialkylamines are particularly preferable among the nitrogen-containing compounds (I),
and imidazoles are particularly preferable among the nitrogen-containing heterocyclic
compounds.

The acid diffusion controllers may be used either individually or in combination
of two or more.

The amount of the acid diffusion controller to be added is usually 10 parts by
weight or less, preferably 0.001 to 5 parts by weigh, and more preferably 0.005 to 3

parts by weight for 100 parts by weight of the resin.  If the amount of the acid
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The photoresist film is then developed using a developer and washed to
form a desired resist pattern. In this case, it is not necessary to add a
step of delaminating the upper film for immersion lithography. The upper
film is completely removed during development or washing after the
development. This is an important feature of the present invention. As the
eveloper gﬁed when fofﬁg)?,%t e resis}lp?}tltern in the rese{l)lt inverl1tion

diftusion controllers exceeds arts \I%w%l% ere 1s a tendency that the lens df a
an alkaline agueous Solu N IC odium ydroxide, B/O assium

profNK iR B CRIPONHE SRPURRILFRIR MERIROMHYT BlNeA®ming
ammonia, ethylamine, n-propylamine, diethylamine, di-n-propylamine,
cortipethiyitamine, methyldiethylamine, dimethylethanolamine, triethanolamine,

tetramethylammonium hydroxide, tetraethylammonium hydroxide, pyrrole,
pipeRardoteishie pattendng aisitid @i the plevenhiwearan will be described
b 11,5-diazabicyclo-[4,3,0]-5-nonane, or the like is dissolved can be used.
'\ appropriate amount of a water-soluble organic solvent such as

alcoRelsinglyding: MmehRRA! REPKIRABIL O R SVTasRALAD PR AddRd tO

the developer. When developed using these alkaline aqueous solution,
phdheagsisbiilpoistisayallylives hedenvitn akaignafierotheddexteiopmastike may be
EXAMPLES The present invention will be described in more detail by
usedy niiedider sahiple o therpeienttab ofereghes ke p AhriEaca e § e ihean

upper layer-forming composition. Howeyer, these examples should pot be
ore R T B S R IO ST T e B Hege e R
Tp8.6PRIL By m@g%ﬁflgss otherwise indicated. Resin Synthesis Example
Resins (A1) to (A-10) which can form a film stable in water during

expasi¢rpheroradiativadanchis pissolvatlyiliaidel alapenaiteragsigimnationm
formation were synthesized according to the method described below.
selogigdearg VNS thEheairroga ) the (ASTE0) ierexpneRiseREdsyeast, 2
ner ation ¢ romato{ga%g/ﬁ(GPC using GPC columns "GZOO% "X 2,
CherSHOHRRRIIEY PAHY Ve IR RN ST AMUTSH A O B FSBhA CHRTI e o
Can%giggagrformance GPC apparatus ("HLC-8120" manufactured by Tosoh
When the upper layer film produced from the composition of the present
invention is used, a positive-tone resist is particularly preferable. In the case of the
chemically-amplified positive-tone resist, the acid-dissociating organic group in the
polymer dissociates due to the action of the acid generated from the acid generator by
exposure to radiation, to produce a carboxyl group, for example. The acid increases
the solubility of the resist in the irradiated part in an alkaline developer to the extent that
the irradiated part is dissolved and removed by an alkaline developer to produce a
positive tone resist pattern.
The photoresist film can be obtained by dissolving the resin for forming the
photoresist film in a suitable solvent at a solid component concentration of 0.1 to 20
wt%, for example, filtering the solution through a filter with a pore size of about 30 nm,

for example, to obtain a resist solution, applying the resist solution on a substrate by an

appropriate method such as rotation application, cast coating, or roll coating, and
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Corp.) under the following conditions; Flow rate: 1.0 ml/minute, eluate:
tetrahydrofuran, column temperature: 40C, standard reference material:
monodispersed polystyrene. The radically polymerizable monomers used
for the synthesis of the resins are shown in the following formulas (M-1)
to (M-6), (S-1), and (S-2). CH3 CH3 CH3 CH3 CH3 CHs=C Cl1s=C

Hs=C CHs=C CH2 =C CZ%{CZO EEO QZ% =0 000.00. C11-013.CHz
preCH R T AT O TBIRJ 1d es CRm p ety
vagdfiAd) M) veMt:) BOHGF3ER3c Mo M) o Gl Biriesi (tiRsnhhay be

CHs=CH C=0 SO3H CH, no S031I (M-6) (S-1) (S-2) The monomer
usegalpliitons were prepared by dissolving monomers of a weight 48

corresponding to mol% shown in Table 1 and o _

2,2 BhopieprmbiRynmastipRroiseiidy a8 Be phatessirt Sbo gsgre the upper
) isrpipgcléﬁanol. Thgz 1Itotal %nr;lo%llnt of th? monomers ulsedrf?r th?n rear(ﬂtion.\t/%/ansof
/5l SFRAS S HBE e ARLISE SP B ISR R B ST R R
the PGP MANAMAES HO SRR MHIHGRINGSHeY, TagkSAMRRE A R g 1o

thermometer and a dropping funnel was charged with 100 g of
obtisaphepppel andfiliged witpriicagaivéarid. minkitesep is carried out in order to
protect the photoresist film and to prevent pollution of the lens of a projection aligner
due to elution of components from the photoresist film into the liquid used for the
immersion lithography.

In this instance, the closer the thickness of the upper layer film to an anisoploid
of A4 m (wherein A is the wavelength of radiation and m is the refractive index of the
upper layer film), the greater the antireflection effect on the upper side surface of the
resist film. Therefore, it is preferable to bring the thickness of the upper layer film
close to this value. In the present invention, either prebaking after the application of
the resist solution or baking after the application of the upper layer film
forming-composition solution may be omitted for simplification of the process.

A step of forming a resist pattern by irradiating the photoresist film and the
upper layer film with light in water as a medium through a mask having a specified
pattern and developing the pattern, comprises a step of carrying out liquid immersion
lithography and, after baking at a specified temperature, developing the pattern.

It is possible to adjust the pH of water filled between the photoresist film and the
upper layer film. A particularly preferable liquid medium is pure water.

As the radiation used for the liquid immersion lithography, various radiations
such as visible rays; ultraviolet rays such as a g-line and i-line; deep ultraviolet rays

such as an excimer laser; X rays such as a synchrotron radiation line; and charged

particle beams such as an electron beams can be selectively used according to the
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The contents of the flask were heated to 80C while stirring using a
magnetic stirrer. The monomer solution prepared as above was put into
the dropping funnel and added to the flask dropwise over three hours.
After the addition, the mixture was reacted for three hours, and allowed to
cool to 30C or less, thereby obtaining a copolymer solution The resulting

phoc%g e%lgp}%nvyaaﬁ Bl%sct:cg}’r?&tneactil ar(l: C g ?}%% tpe%lfs?l et%%d er ayer film for
COpo ymer SO U'[IOF] was con ense g an ans rre

usesﬁgﬁ{ﬁféwoﬁq%%k@%heﬁmt%q@ag afinsteneand 691 Abm an ArF

n-heptane. The mixturé was sufficiently stirred and the lower layer was
excsepatatied(Wihelsepgdraled tovwer ayeFwas nmidasknitha2Olerg ol v hanol
and 1600 g of n-heptane and the mixture was transferred to a separating

funriéltiPsderapied eeemarnasier nasarsdivking thgraipalanprevieed ayer

repl ced with d 4 Iether orc m%larlson ares in was 0 talne?t"[:)

PhES al& BVt Wit e mI‘ﬁlpen ‘fe%sf’égd‘ SRR
deV-Ehﬁ)e%l'g Cﬁf@m CoPREBYRHANGA SRR RRARIGBAIN UGB HNS0SYBREC, and

was replaced was caiculated from the weight of the residue when 0.3 g of

prethebes 5030l LH0ICplatea gnthe balkimg runpgamwas dppadeel a6l v duji péate
at 140C for two hours. The calculated value was used for preparation of

aC@&‘éﬂ@F@f@ﬂ&ﬁ%p‘ﬁ@‘i‘ paethedilifing composition and calculation of the

iel bse fter th tre ith
i SN e S O AT GBI AR A ) B o o
desiRRINANEIPaMEASUIRAniENG LETHILS RIS SO R TRRIG gteé[ be &éﬁ%ﬁﬁﬁ%ﬁé’fhe

the resin of which the solvent was replaced with 4-methyl-2-pentanol
uppeerdmlfopshihersamithd@bable Thamepeattiimooaneleuseddobredatiomg

mol% Anoint of Resin M M-1 M-2 M-3 M-4 M-5 M-6 S-1 S-2 initiator
devolppoagnisen obing atter thgdevelgpoeny  AChis @ impartang fsat@eed tha

A-395-----5-6361201.8 A-490----- 10-6.2 6000 1.7 A-5 85 - -
present yivendigiisgsn 1 7

As the developer used when forming the resist pattern in the present invention,
an alkaline aqueous solution in which sodium hydroxide, potassium hydroxide, sodium
carbonate, sodium silicate, meta sodium silicate, ammonia, ethylamine, n-propylamine,
diethylamine, di-n-propylamine, triethylamine, methyldiethylamine,
dimethylethanolamine, triethanolamine, tetramethylammonium hydroxide,
tetraethylammonium hydroxide, pyrrole, piperidine, choline,
1,8-diazabicyclo-[5,4,0]-7-undecene, 1,5-diazabicyclo-[4,3,0]-5-nonane, or the like is
dissolved can be used. An appropriate amount of a water-soluble organic solvent such
as alcohols including methanol and ethanol or a surfactant can be added to the developer.
When developed using these alkaline aqueous solution, the resist film is usually washed

with water after the development.

EXAMPLES

The present invention will be described in more detail by Synthesis Examples of
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A695------ 56.360801.7 A-790------ 106.25900 1.7 A-885 - -
----156.0573015 A-9425-425----156.048301.5 A-10---30
40 30 - - 6.0 7300 1.6 Preparation of radiation-sensitive resin
compositions The radiation-sensitive resin compositions for forming
photoresist films were prepared using the following method. Preparation

of radiation-sensitive resin (A" / CH3,/ CH3 / CH3 CH2=C CH2=C.
the D L e et et s B oy e, et
Ho%‘x‘f’&?ﬁl&@%ﬁﬁ arechbyigissehdng Raaa 4 Athme ofﬁé)ﬁ&%ﬁpﬁ%ﬂtion. In
(1-1), 10.69 g (10 mol%) of compound (1-2), and 35:38 g (40 mol%) of

the eompplend ‘GhiB) tefdi95ogf ‘phi2 hutamsnensnd dtitheisadaidicaz @4 g of
dimethyl 2,2'-azobis(2-methylpropionate). A 1000 ml three-necked flask
Resimm8 irbegie EwAAPIO0 50 g of 2-butanone and nitrogen gas was bubbled

into the.flask for 30 minutes. After the nitrogen purge, the flask was

e B B WS AT R Sabb B i AR e ©
rad HOONIRE KRG A PRPINGEINARL QXEE IDRE Dot (AR RAVMEEZaHMRsized

reaction was carried out for six hours after initiation of the addition of the
accordirgnme (eomthod Aierritemhpidden oVjpohidevizaiohe thepolyrigno (A-10)

solution was cooled with water to 30C or lower and poured into 2000 g of

werp sRafibed vkl precdpraeh provireania s CBiie ctea by Fiftregiomns
(“G2000Hx1.” x 2, “G3000HXx1.” x 1, and “G4000Hx.” x 1, manufactured by Tosoh

Corp.) in a high performance GPC apparatus (“HLC-8120" manufactured by Tosoh
Corp.) under the following conditions; Flow rate: 1.0 ml/minute, eluate: tetrahydrofuran,
column temperature: 40°C, standard reference material: monodispersed polystyrene.

The radically polymerizable monomers used for the synthesis of the resins are

shown in the following formulas (M-1) to (M-6), (S-1), and (S-2).

CH; CH;, CHs CH; CH;
/ / / / /
CH; =C\ c Hz=(?\ CH2=C\ (?Hz=(?\ CH,=C
/C=0 /C=O /C=O /(f=0 c=0
/
CH— CH3 CH, CH,
i & /
\ 2 \ (\Hz OH
_ NH cH
C\ fs / : CsFyq
HO  cp, 0= S\= 0 C—CF; - (M-5)
HO" cF i
M-1) CF; 3
M-2) (M-3)
CH;
/ Al Al Al —
CH,=C CH,=CH (,Hz—({l
=0 SO;H /( H,
HO/ SO;H
S—1 (8-2)
M-6) (8-1)

The monomer solutions were prepared by dissolving monomers of a weight
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The white powder collected by filtration was washed twice with 400 g of
methanol in a slurry state, filtered again, and dried at 50C for 17 hours to
obtain a polymer in the form of a white powder (72 g, yield 72%). The
polymer was a copolymer with an Mw of 8,500 and the mol% ratio of the
recurring units of the compound (1-1), compound (1-2), and compound

1-3) determined by 13C-N S 5% ©8.0:39.8 IooklA .
oA DL S MRAL DB el H B (0 A rIgR

as SPHRARSH 366 ﬁﬂzﬁ RIIRELSHHPONBRIS RO REIQW R RIBRATIADS IO the

in Table 2, and filtered through a membrane filter with a pore size of 500
reattiviovabi@ljuthel worpasitidihsalutionsodfiexminates iancdicarapayagiven (g) to

Examples. In the examples, "part" refers to "part by weight" unless
10Qerdribispneie®isd. Acid generator (B) B-1: triphenylsulfonium

nonafl -n-butanesulfopate B-2. . .
- BRSSO RRR S Kb dagUg meter and a dropping
funfeN@HlY CHArBRWARCRNTR IR AOIh AFTURIP P ORI QHRT {ftboGer for 30 minutes.
R-(+)-(tert-butoxycarbonyl)-2-piperidinemethanol Solvent (D) D-1:
Thy douityrnodadtdref({sBlkeR-Re pedpyle0eohtdtd sianoethyh gthenacetatstirrer.
(PEGMEA) 51 [Table 2] Acid dissociable group- Acid generator Acid
Theyiffosfres e DicRBpInitRPFEsi{ RY (B Chstbepie) fysaeal ppd added to

L A T N
thrSORRASIIRN Fr R B2 368 BXAUPIRS AP AUANHLAT AR ARMsolution.

Comparative Examples 1 to 11 Upper layer-forming compositions for use
in inThe skl ogpaphiien@rs post-treated according to the following method.

The copolymer solution was condensed to 200 g and transferred to a separating
funnel together with 200 g of methanol and 1600 g of n-heptane. The mixture was
sufficiently stirred and the lower layer was separated. The separated lower layer was
mixed with 200 g of methanol and 1600 g of n-heptane and the mixture was transferred
to a separating funnel to separate the lower layer. The solvent in the resulting lower
layer was replaced with dibutyl ether. For comparison, a resin was obtained by
replacing the solvent with 4-methyl-2-pentanol instead of the dibutyl ether. The solid
component concentration of the sample of which the solvent was replaced was
calculated from the weight of the residue when 0.3 g of the resin solution placed on an
aluminum pan was heated on a hot plate at 140°C for two hours. The calculated value
was used for preparation of solutions for an upper layer-forming composition and
calculation of the yields in the subsequent experiments.  After the solvent replacement
with dibutyl ether, the Mw and Mw/Mn (molecular weight dispersion) of the resin were
measured. The results are shown in Table 1. The properties of the resin of which the

solvent was replaced with 4-methyl-2-pentanol were almost the same.
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produced using the resins obtained in the above examples. 4 g of the solid
component of each of the resins shown in Table 1 in turn and 96 g of a
solvent or a mixture of solvents at a ratio shown in Table 4 or Table 5
were mixed and stirred for two hours. The mixture was filtered through a
filter with a pore size of 200 nm to obtain a solution. In Table 4, DBE
[Ta%igr]gs for dibutyl ether, 4AM2P stands for 4-methyl-2-pentanol, and DIRE
stands for diisoamyl ether. In Tables 4 and 5, the solvent ratio for mixed

a7y gLV 1Y AT W G VATV =TT < AV W ST =R NTa TaT=Y =t V7 =Y Vad anTFa VA WaTaTaaTaTat=T1NToT! ~S—
btginedMTere Fvartated BPthEToIRTH hetRbls. Prewesafts are, showi,
in Tabhgsi4 ane 5. MEXamples 84sto B66HomogerenusBEEETs were
mrgpareggrom the resin A-1 obtained._in the above Synt@esis Exgiggye 3Ss
a resin component and the other components shown below in the
ﬁ‘F&porti()n sH8%n in"Table 3, arid filteted through™a membrane fit&7Rith%a®
poBe siZs of 500 nm to obtain the upper lager-forming cendpositi®agofor 1.8
Wsg in igymersion lithography of the Examplgs. In the exgmples, "Qadt" 1.7
refers to "part by weight" unless otherwise indicated. The upper
I%'yrér-fo?ﬁwing tompaositiors obtained were Bvaluated byG[H)e folloaﬂﬁ(b 1.7
mathodss The-results are shown in Table 4- Acidsor acid&enerat@ogB') B'-7
1. friphggylsulfonium nonafluoro-n-butanesulfonaie B'-3; , 5000 1.7
perfluorobutanesulfonic acid Acid diffusion controller (C) 52 C-1:
R=B+)-(tBPt-butoxycarbonyt)-2-piperidinemethanot®Solverft D) D-37#ibutyt>
atlver (22BE) D-4: 4arethyl-2-pentanol (4M2P) [Iable 3] #oid geruseator 1.5

2_%1 diffusion Resin (A) (&) copyrollef,(C) Solvent (D) Exgmple 3LA-1 ; ¢

"1 (N 2\ [ 2 (240N)
Ay 7 Ay 7

Preparation of radiation-sensitive resin compositions
The radiation-sensitive resin compositions for forming photoresist films were
prepared using the following method.

Preparation of radiation-sensitive resin (A’)

/ CH; CH; / CH;
CH2 — C\ CH; =C CHZ =C
CcC= CcC=0 CcC=0
/ / /
(0] 0] 0]
o HsCz)O
0

(1-1) (1-2) (1-3)

A monomer solution was prepared by dissolving 53.93 g (50 mol%) of
compound (1-1), 10.69 g (10 mol%) of compound (1-2), and 35.38 g (40 mol%) of
compound (1-3) in 195 g of 2-butanone, and further adding 2.24 g of dimethyl

2,2’-azobis(2-methylpropionate). A 1000 ml three-necked flask was charged with 100
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Example 32 A-1 (100) B' -1 (0.3) D-3 (1680) D-4 ( 720) Example 33 A-1
(100) B'-3 (0.5) - D-3 (2400) Example 34 A-1 (100) B'-3 (0.5) - D-3 (1680)
D-4 ( 720) Example 35 A-1 (100) B'-3 (0.5) C-1 (0.054) D-3 (2400)
Example 36 A-1 (100) B'-3 (0.5) C-1 (0.054) D-3 (1680) D-4 ( 720)
Evaluation method (1) Evaluation method of solubility (Solubility) In

g OEg%mtglr?os : to r%tr%xgrgn alse %VSS? btu 4§ed 1n90cfi1%r?lo a[I %(IJE §1m gl?es d]%Atf)&é the

he resin per ayer orming Compos on was al

mu%gntBﬁréﬁ?'Yﬁ@hm idellie 4PTTeRiR wiAnd DR MXUIS WAR RUHEH

for three hours at 100 rpm using a three-one motor. In Examples 1 to 30
solatichExampiied diropovds, ikiagesinogiitafeanbl @isinig¢bdsesin sBhstion at
100C for 24 hours to a solid state was used. In the evaluation, the resin
POlﬁmﬂWﬁgné%#@g@ﬁéS%iﬁﬁﬁmfrmﬁ eeisaiientrision i fageddyion of
th have ood§olublllty[§pd mqute%-d as od", and theﬁeS| roduci g
© MRSLT A RS e r QM KRS HE PTG WS S Gl RRADE S8 BHion was

coo'iQMi@l%?A?& ingisried RS dBafd JorPRRIOBG L0 SRR CartIRite

which the upper layer-forming composition shown in Table 3 produced a

prebipicag enehus solutioolltbe cbmfibsition. was evaluated as 53 having
good solubility and indicated as "Good", and in the case in which an

undiSBevaie pritdercrollreRAt) \WaE Hier etsdY dibeddiisesitiBhARag of

meHbE o B SR gi%igﬂaﬁ”ﬁﬁ%‘@ﬁ;?ﬁ"g%ﬁ?&' Hsere
pol?l%ﬁ?ﬁ%@%‘fﬁ%?%kﬂﬂ&%p‘ﬂ%ﬁ -£0aigd pveightrinch, stlien, wafers
using "CLEAN TRACK ACT8" (manufactured by Tokyo Electron, Ltd.)

copaighiakedhatORy fof §OBeaands adtimatioatings withradpickhess vk 90
corrrll;r)rc])lu-rll-crl] ?l—l), compound (1-2), and compound (1-3) determined by BC-NMR was
52.2:8.0:39.8 (mol%).

A homogeneous solution was prepared from the copolymer (A’), as a resin
component, and the other components shown below in proportions shown in Table 2,
and filtered through a membrane filter with a pore size of 500 nm to obtain the
composition solutions of Examples and Comparative Examples. In the examples,
“part” refers to “part by weight” unless otherwise indicated.

Acid generator (B)

B-1: triphenylsulfonium nonafluoro-n-butanesulfonate
B-2: 1-(4-n-butoxynaphthalen-1-yl)tetrahydrothiophenium
nonafluoro-n-butanesulfonate

Acid diffusion controller (C)

C-1: R-(+)-(tert-butoxycarbonyl)-2-piperidinemethanol
Solvent (D)

D-1: y-butyrolactone (GBL)

D-2: propylene glycol monoethyl ether acetate (PEGMEA)
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thickness was measured by using "Lambda Ace VM-90" (manufactured by
Dainippon Screen Mfg. Co., Ltd.). After paddle development (developer:
2.38% aqueous solution of TMAH) for 60 seconds using "CLEAN TRACK
ACT8", the wafers were dried by spinning to observe the surfaces. If
development was completed with no residues being observed, the
[Taﬁg\;%\éability was judged to be "Good". If a residue was observed, the
removability was judged to be "Bad". (3) Evaluation method of intermixing

radiation-sensitAred PeSiFr{FALR ascerTe St COmporentAndsisimicoated, R.any,)

1

eight-inch silicon™Waler featest, with HMBS.L100C £t 5L Secands)ashgreishe
Rteihekerisora hot plaie abd,30C for QOBS’e(‘:bG;ﬁUs to fogm a.ﬁaatingn\ﬂlzi’fh%ﬂ

sin composit

_thickness of 300 nm. The above upper I%i\zle(r-)forming compaosition was
applied on the resulting coating by spin coating and prebaked (PB) at 90C

Ex{RiHQ FEFandndcohiain aacainganiha thiskpessiabaq nm. Ultra-pure
water was injected onto the coating for 60 seconds from a rinse nozzle of
"CLERDETRACKoAMRS Codgilaitathbyospie-tryinthat o Dthtmapgay Lere
minutes and paddle development using the LD nozzle of the "CLEAN

profead KNG 1B RSB0 BEBRHE (e ahRyrectianpiser thyed! thezdsbsornpapent
luti devel in the devel t step.

o G SR RS ESABHG 1eb e R RATSIH PSR b TERMOUI B e

sol AGYEIARMER SHER. RS TRSISUCAAHIERMWRIERVAIRPLEIRPRSANR hours.

radiation remained 54 as is. The thickness was measured using "Lambda

ThAeexvive-9Qis (ineridaictoigt HYilldainippopobeseanoMigo @ b tthjabefasution.
and after the experiment. If the change of the resist thickness was within

In TablpodshiBlestendo feinditwad ribigfed Y Batibitsnionitartinihg-nentueb and

D1 IS AL LR e qaNe AT G T FEded
solRiFAESRRTIRia AN e da e RERESRR NCG RFlEalRH:

as "Bad." (4) Stability evaluation of upper layer-forming composition for
evalis@dd bymesnowiithagealig.in Tdes(Matet MSISI@NCE)bles 4 and 5.

(1368.5)

Examples 31 to 36

Homogeneous solutions were prepared from the resin A-1 obtained in the above
Synthesis Example as a resin component and the other components shown below in the
proportion shown in Table 3, and filtered through a membrane filter with a pore size of
500 nm to obtain the upper layer-forming compositions for use in immersion
lithography of the Examples. In the examples, “part” refers to “part by weight” unless
otherwise indicated. The upper layer-forming compositions obtained were evaluated
by the following methods. The results are shown in Table 4.
Acid or acid generator (B’)
B’-1: triphenylsulfonium nonafluoro-n-butanesulfonate
B’-3: perfluorobutanesulfonic acid

Acid diffusion controller (C)
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A coating (thicknesses : 30 nm) of the upper layer-forming composition
was formed by spin-coating and baking (PB) at 90C for 60 seconds on an
eight-inch silicon wafer using "CLEAN TRACK ACT8" (manufactured by
Tokyo Electron, Ltd.). The thickness was measured by using "Lambda
Ace VM-90". Ultra-pure water was injected onto the wafer for 60 seconds
from the rinse nozzles of "CLEAN TRACK  ACT8", followed by spin-drying
C'lat?{}j(d'g'gt&r)tr%!f%? asr§88xl<§:é&.‘ﬂ%’é’* B Phis substrate was
SolMgR$Hed again. When the amount of decrease in the thickness was 3%
or less of the initial thickness, the stability was judged to be acceptable
D-antibogicated @3BTGood", and if more than 3%, indicated as "Bad". (5)
Evaluation of patterning 1 The evaluation method of patterning of a resist
D-4istigathelabogatappldHMYE film is described below. After forming a
Ta ?eagxg with a thickness of 77 nm (after PB at 205C for 60 seconds) using
n anderlayer reflection preventing film "ARC29A" (manufactured by
Brewer Science, Inc.) on an eight-inch silicon wafer by spin coating using
"CLEAN TRACK ACT&™ (maiaudr eddd | RuEIREH Ak 3Ad. )
patterning was catfedut usingatigfradiationesams'dmtesm co%ﬁﬁggﬂfbn(D)
=E0QIRININg the Ahoyegpentiongd. ragiatipn-sensitive resin (A') asghe rgsigo)
component. A film with a thickness of 205 nm was prepared by spin
E:L0afR0 #nd PR (1130Ge PO segpnds),Jodpwed by forming the 55 Bppek1680)
layer film by spin coating and PB (90C, 60 seconds) to obtain a Ea4tirig”2?
ExpR thicknessi0f(@00nm. Next, after.@xposure under the condiiens @fa00)
NA of 0.78, sigma of 0.85, and 2/3 Ann using an ArF projection ali;ner

ExSgeC3q{manafacturen) by Nikorn3 Qor.), ultra-pure water was irﬁg teﬁt}ggg;
onto the wafer from rinse nozzles of "CLEAN TRACK ACT8" for 6
ExgegdiedSpfollowet Ky apin-dryiig 3t @,000 rpm for15(8eebfds. The (2400)
resulting coating was baked (PEB) at 130C for 90 seconds on aBC_:gEéglso)
EXPRACKIACT S Rot Pk, devRlogedCby baddle &evelBptiéht usigghe kb,
=zttt tre—iC kN RACACTO -for-0-secomtsamerirset it
ultra-pure water, followed by spin-drying at 4,000 rpm for 15 seconds.

Evaluation method

(D) Evaluation method of solubility (Solubility)

In Examples 1 to 30, Examples 37 to 48, and Comparative Examples 1 to 10,4 g
of the resin for upper layer-forming composition was added to 96 g of the solvent
shown in Table 4 or Table 5, and the mixture was stirred for three hours at 100 rpm
using a three-one motor. In Examples 1 to 30 and Examples 37 to 48, the resin
obtained by drying the resin solution at 100°C for 24 hours to a solid state was used.

In the evaluation, the resin producing a homogeneous mixture with the solvent was
evaluated to have good solubility and indicated as “Good”, and the resin producing
undissolved matter or exhibiting turbidity was evaluated to have poor solubility and
indicated as “Bad”.

In Examples 31 to 36, in the case in which the upper layer-forming composition

shown in Table 3 produced a homogeneous solution, the composition was evaluated as
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90 nm line-and-space (1L1S) patterns were observed using a scanning
electron microscope ("S-9380"manufactured by Hitachi High-Tech
Fielding Corporation) to determine an exposure dose at which a 1: 1 line
width was 90 nm (optimum exposure dose). The minimum line-and-space
dimension resolved by the optimum exposure dose was taken as the

nalE0Man. Theresuls afe shownp Taple 4, The crosesecional, . ol
conrrguration o nm line-and-space patterns were observed using a

maRERBPRELRIRGIHAR PHAIRSSE 9&4&%%8?@@9@%{%9}5%%§ poor

High-Tech Fielding Corporation). Figure 1 shows the cross-sectional
solabitifigundtiadioftdieakin®atid-space pattern. A line width Lb in the middle
of a pattern 2 on a coating formed on a substrate 1 and a line width La on
(2)the bphiRBaR BF AR Wever bR gaRecy aPHEY EBAMgURRIENS were
judgﬁtli as "recitangﬂfr'_' when 0.9 <= (gLaLb ILb<=1.1 was, satisfiﬁtql; a
“tapePSdRRHE R (T2t By O R SR S B RES L P Bty
silitgReReps oMb eriEA NassatiRiIRe- 18 118 £RTE A CPRIPRIRY B RXRBIPIE. )
11, the patterning was evaluated by spin coating the radiation-sensitive
and éslecanyoosiioncand FoBdsLE00 R e eateRdAs)atiehidhnaingl @0iimmwit Tz
thickness of 205 nm without forming an upper layer film. (6) Evaluation of

thigkaeasiviag merhe e RlUAtIBA ThethedrargsatMiilg Granvégstgdipy Baanippon

aboye upper r film 56 is described below. After formi coating with .
S RRCRS ol 2 nm AP GSOREN PR LSRG el eous Solton
of FOOGHRYS! 6 UECHARN iYL Eng I TRREROAC franaciupd,ny. ﬁf%‘H%%

Science, Inc.) on an eight-inch silicon wafer by spin coating using "CLEA
spiliRAeGE dbseh8e (neanufaciyredr oy venkyadnteetrotohidelc patiet nim gevvases

carried out using "ArF AR1682J" (manufactured by JSR Corp.). The
beingRb 82, filin ity wabiitkmes susiced sorn iz gre pdfad dydsisify ebalirrgved,

and PB (110C, 90 seconds), follpwed by forming the upper layer film by
the§6ﬁﬂ°§8§ﬁﬁ§ %(ﬁalﬁ%g?é)d&ﬁ%o &Etonds) to obtain a coating with a

(3)thickiess AR AR NEXInAIRELEXP Y RUEEAREGS the conditions of NA of
0.78, sigma of 0.85, and 2/3 Ann using an ArF projection aligner "S306C"

A radiation-sensitive resin composition containing the above radiation-sensitive
resin (A’) as a resin component was spin-coated on an eight-inch silicon wafer treated
with HMDS (100°C for 60 seconds) using “CLEAN TRACK ACT8” (manufactured by
Tokyo Electron, Ltd.) and prebaked on a hot plate at 130°C for 90 seconds to form a
coating with a thickness of 300 nm. The above upper layer-forming composition was
applied on the resulting coating by spin coating and prebaked (PB) at 90°C for 60
seconds to obtain a coating with a thickness of 90 nm. Ultra-pure water was injected
onto the coating for 60 seconds from a rinse nozzle of “CLEAN TRACK ACTS8”,
followed by spin-drying at 4,000 rpm for 15 minutes and paddle development using the
LD nozzle of the “CLEAN TRACK ACTS8” for 60 seconds to remove the upper layer.
A 2.38% TMAH aqueous solution was used as a developer in the development step.
Although the coating for use in immersion lithography was removed by the

development step, the resist coating film which was not exposed to radiation remained
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(manufactured by Nikon Corp.), ultra-pure water was injected onto the
wafer from rinse nozzles of "CLEAN TRACK ACT8" for 60 seconds,
followed by spin-drying at 4000 rpm for 15 seconds. The resulting coating
was baked (PEB) at 110C for 90 seconds on a "CLEAN TRACK ACT8"
hot plate, developed by paddle development using the LD nozzle of the
"CLEAN TRACK ACTS8" for 60 seconds, and rins ith.ultra-pure water,
o o Bt By O A IOB0 T8 o Tt e TG e e

Dafdippctl §§1@@ﬁﬁ§1¥§?@09tﬁﬁf)\/ﬁé%l%iﬁﬂdaaﬁ%?ﬁ{%ﬂf?éﬁﬁiéﬂﬂ MHGIRSORRGe of the
("S-9380"manufactured by Hitachi High-Tech Fielding Corporation) to

resiletRicRines samae xpioisiir 6. 5i¢is ehatrasivcboatln gl wine) wdgkth was®iBinno intermixing
_(optimum exposure dose). The minimum line-and-space dimension
withedispBhYarRE BHtfRITsEXpdBuRersiysEthess take ArukthsdHesmiiesn. The
results are shown in Table 4..In addjtion, the cross-sectional configuration
ety e R SRR e

thamé%f&léhﬁtﬁﬁﬁi%ﬁ%&ﬁéﬁiﬁéwg%ﬁi@éﬁ&f-afé'”Bé@.d the line width La

on the upper part o IIm. The configuration was judged as
(4)"rectanigilitgré wihern D fwp fhatdsR)forrin g . dowps sseatisffed nasiitapaiedion

when (La-Lb)/Lb < 0.9 was satisfied; and as "head-projected” when
lithQgsapBy i waten (Wates agidsieacen the case of Comparative Example 11,

formo i A G Tk CLL 1 SO RSy T EUAIRG CHE PR
rorlSUPEE . BB, 13065 SR AREMISS) 60 CHOIDTL SRRV Sh RRSRL fon

Examples 1 to 30"and Examples 37 to 48, 4 g of the solid component of

wafbieuds@ginGhBWN MRACK A@ngIegnofasobdby Dolaymixidieonl SadventThe
at a ratio shown in Table 4 or Table 5 were mixed and stirred for two

thigkmgps Wasaneistied Wassiitgréamhdoutte & Me0with Bl e s A8a$ 208 nm
. .to optai lut] hich t . ight-inch,silj

I A AR A RS TE HOLEIFB8 B FSRS. EABeon RAGK
ACE¥ RalEd (& %}%iﬂ%ﬁ%fg%‘i’ 5660755 H18 ALREHNCT ARRIGRUAN-WAF this

changed at a ml interval to determine the minimum amount for
subdtiifermiy aaatingd3b%mf thehsdrfacarmbiineEighdriach isiline thwateksywihs 3%

the upper layer-forming
or less of the initial thickness, the stability was judged to be acceptable and indicated as
“Good”, and if more than 3%, indicated as “Bad”.
(5) Evaluation of patterning 1

The evaluation method of patterning of a resist using the above upper layer film
is described below.

After forming a coating with a thickness of 77 nm (after PB at 205°C for 60
seconds) using an underlayer reflection preventing film “ARC29A” (manufactured by
Brewer Science, Inc.) on an eight-inch silicon wafer by spin coating using “CLEAN
TRACK ACTS8” (manufactured by Tokyo Electron, Ltd.), patterning was carried out
using the radiation-sensitive resin composition containing the above-mentioned

radiation-sensitive resin (A’) as the resin component. A film with a thickness of 205

nm was prepared by spin coating and PB (130°C, 90 seconds), followed by forming the
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composition. In Examples 31 to 36, the upper layer film
forming-compositions shown in Table 3 were coated on an eight-inch
silicon wafer using "CLEAN TRACK ACT8" (manufactured by Tokyo
Electron, Ltd.) and baked (PB) at 90C for 60 seconds. The amount of
application was changed at a 0.25 ml interval to determine the minimum

RS K anonnly soaing 95 o e syriace ot e ghnch Slleg o

pper layer-rorming composition. apabil

thi SHRRESTIO R RIUSIQBI ORJESIBHIA M ITRIPHE WakRE GV SIPR RTo £OIRS B3t of

A 30 x 30 cm square silicon rubber sheet (manufactured by Kureha
0.3E|astbviz A fhqusinigl anof ihieh) dboaertiaiavaS IoGiNachin facirald byitNi&on
diameter of 11.3 cm was placed on the center of an eight-inch silicon

CopafafiihRHEPraFbUsRr e et hrnvatien Ban1ooe Hordes sdcéddspN

ing " AN TRACK ACT8" (manufactured by To lectron, Ltd.).

TR G Rl s B et By i S o
ThdlEd it dO Ol UM BRI USE 3 DI RBRIGHK PRERANIRACK

forming a coating with a thickness of 77 nm (after PB at 205C for 60 58
ACTConsg)l asingg esloped eygyeidie ieetuppeen entiotidm.DARCAO AL the

(manufactured by Brewer Science, Inc.) on an eight-inch silicon wafer by
“ChBmN daing kgl i strondskandmasedrzity tbrmedenyargkjellowed by
.Electron, Lic@pthe radiation-sensitive resin composition containing the
Spl%%%—%ﬁéntl eﬂ’?&%‘?&ﬁé?f—%cé)@ﬁive resin (A') as the resin component

WaS%ﬁ%%ﬂ&@g'apékﬁgl BLALHLISG 058RS0 1 QAR 241 ron

with a thickness of 205 nm. After the PB, a coating with a thickness of 90

miditdcppepaseaBBy spinufaatingitbe Hppetilblygh-Mything: mpostiormand) to
baking (PB) at 90C for 60 seconds was placed on the silicone rubber

detetipisies g5noseEtdeseht Bdeghg tol Bomwidilcwiase? with e mitra gxpesure
water. This state was maintained for 1Q seconds measured by a

dorgio o AT A o S FSK A Pt e AHEP TR ST

dod0& RRRIMENh D& LR RUrerWAIEL MRS CQUIRSIRd oI & Jlapg.Syringe

for use as the analytical sample. The recovery rate of the ultra-pure water
crogdteéctional configuration of 90 nm line-and-space patterns were observed using a

scanning electron microscope (“S-4200”manufactured by Hitachi High-Tech Fielding
Corporation). Figure 1 shows the cross-sectional configuration of the line-and-space
pattern. A line width Lb in the middle of a pattern 2 on a coating formed on a
substrate 1 and a line width La on the upper part of the coating were measured. The
configurations were judged as “rectangular” when 0.9 <= (La—Lb)/Lb <= 1.1 was
satisfied; as “tapered” when (La—Lb)/Lb < 0.9 was satisfied; and as “head-projected”
when (La—Lb)/Lb > 1.1 was satisfied.

In the case of Comparative Example 11, the patterning was evaluated by spin
coating the radiation-sensitive resin composition and PB (130°C, 90 seconds) after
forming a film with a thickness of 205 nm without forming an upper layer film.

(6) Evaluation of patterning 2

The evaluation method of patterning of a resist using the above upper layer film
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completion of the experiment was 95% or more. The peak intensity of the
anion part of the photoacid generator in the ultra-pure water obtained by
the above experiment was measured by liquid chromatography mass
spectrometry (LC-MS) (LC section: "SERIES 1100" manufactured by
AGILENT, MS section: "Mariner" manufactured by Perseptive

. (gi%s%%éﬂ%?é Inc.) using a column ("CAPCELL PAK MG" manufactured by
15 iSeido o.V,VLtd.) at a flow rate of 0.2 ml/min, and using a solution of 0.1

WIYARENIG AL Sodih SIS RINALEL 8¢ MEHARPIPES AR Be@MbA60

35C. In this instance, peak intensities of the aqueous solutions of the
secph@ipagickgenaratdn ysedfiecdoa pacvationgsEmsitik® ESIA Compositianedrby
which the radiation-sensitive resin (A") is used as a resin component, at

Breswgpicenitiafohacofon gpisialy-Hith aRePR0mEBIPErE Srabigrieiih dek-FeN

€ ditions repare a calibration cuyve. The eluted amount was
g Ve e o MWt i R
usiROMEIE XiReasHy MEARIRMAR INPSCOR WanmoasHiasagaardlng i
JIS K2283 using a Canon-Fenské 59 viscometer. [Table 4] Solvent
thidResis Jal05 Remaxgréptecd Delapin-casnos adiBBLility 0pI0gasiids), Type
ity** 1 A-1 DBE=100 0.7 Good Good Good Good 2 A-1 4M2P/DBE =
follpmyed by SomBig e sPRSHEY T didenr v ApinsvatvpBE PB/&XC2 @osaonds) to

Good Gaod Good 4. A-2 DBE=100 0.7.Good Good Good Ggod 5 A-2.. .
ob SR S FEESa 0l U GO GHH SR ABRTAE nditons

of %%/ gg 7% GROLGPOIRS ARG £792%n (163 RPETLAQ; 8 Gt 2pedspaed
(manufactured by Nikon Corp.), ultra-pure water was injected onto the wafer from rinse
nozzles of “CLEAN TRACK ACT8” for 60 seconds, followed by spin-drying at 4000
rpm for 15 seconds. The resulting coating was baked (PEB) at 110°C for 90 seconds
on a “CLEAN TRACK ACT8” hot plate, developed by paddle development using the
LD nozzle of the “CLEAN TRACK ACTS8” for 60 seconds, and rinsed with ultra-pure
water, followed by spin-drying at 4000 rpm for 15 seconds.

90 nm line-and-space (1L1S) patterns were observed using a scanning electron
microscope (“S-9380”manufactured by Hitachi High-Tech Fielding Corporation) to
determine an exposure dose at which a 1:1 line width was 90 nm (optimum exposure
dose). The minimum line-and-space dimension resolved by the optimum exposure
dose was taken as the resolution. The results are shown in Table 4. In addition, the
cross-sectional configuration of a 90 nm line-and-space pattern was observed as shown
in Figure 1 to measure the line width Lb in the middle of the film and the line width La
on the upper part of the film. The configuration was judged as “rectangular” when 0.9
<= (La—Lb)/Lb <= 1.1 was satisfied; as “tapered” when (La—Lb)/Lb < 0.9 was
satisfied; and as “head-projected” when (La—Lb)/Lb > 1.1 was satisfied.

In the case of Comparative Example 11, the patterning was evaluated without
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8 A-3 4M2P/DBE = 30/70 1.5 Good Good Good Good 9 A-3 4M2P/DBE =
70/30 2.2 Good Good Good Good 10 A-4 DBE=100 0.7 Good Good
Good Good 11 A-4 4AM2P/DBE = 30/70 1.5 Good Good Good Good 12
A-4 4AM2P/DBE = 70/30 2.2 Good Good Good Good 13 A-5 DBE=100 0.7
Good Good Good Good 14 A-5 4M2P/DBE = 30/70 1.5 Good Good Good
Good i5 A-5 4M2P/DBE.= 70/30 2.2 Good .Good Good G 16 A-6 DBE
forA P B b AT CONRA B3 ATh Ao B S0 70 g
codfEROthGORH (380 rdRAG HYBR/BREE 38/3Qdndso0d Good Good
Good ro 19 A-7 DBE -100 0.7 Good Good Good Good 0 20 A-7
(7)4AM2RIDBEE 30M0itlob HphchGood Good Good 21 A-7 4M2P/DBE =
70/30 2.2 Good Good Good Good 22 A-6 DBE -100 0.7 Good Good
Gookh Evgapls hig Amm/Exemple/FOte 48 4 g @frthe splideamponantaf the

A-8 4M2P/ = 70/30 2.2 Good Good Good Good 25 A-9 DBE=100 0.7 .
res %8‘@685%%%& %830% 26AY Vﬁf?ﬂf[ﬁ’éﬁl’%‘gﬁﬁg&ﬁ%ﬁ&%%aaé%%%s oo "
TatfR096: 33 AMRRARBE A 302285200 GROM GRG0 Ardfa

DBE=100 0.7 Good Good Good Good 29 A-10 4M2P/DBE 30/70 1.5
thréaghd Ghadw@hechtieailke3tr A0DGANE BHRBE 3ol (30, AxdidoadsGoadd on an

- Good Good 31 0.7 Good Good Good Good 32 1.5 Good Good Good
eigiidpeh SBOonsitsH B . TEEONAEA KO Todenatarbuiad iy ko3

Eleég%%?ggagl(@g)c%%g QP% %998’5 Cofo7r g’(? gfgcglgg.d q‘%g%rggu%q 0 gplpﬁc%;tgo%dwas
changed at a 0.25 ml interval to determine the minimum amount for uniformly coating
95% of the surface of the eight-inch silicon wafer with the upper layer-forming
composition.

In Examples 31 to 36, the upper layer film forming-compositions shown in
Table 3 were coated on an eight-inch silicon wafer using “CLEAN TRACK ACT8”
(manufactured by Tokyo Electron, Ltd.) and baked (PB) at 90°C for 60 seconds. The
amount of application was changed at a 0.25 ml interval to determine the minimum
amount for uniformly coating 95% of the surface of the eight-inch silicon wafer with
the upper layer-forming composition.
(8) Capability of suppressing elusion from resist to ultra-pure water (Elusion of
anion part)

A 30 x 30 cm square silicon rubber sheet (manufactured by Kureha Elastomer
Co., Ltd.) of which the center was hollowed in a circle with a diameter of 11.3 cm was
placed on the center of an eight-inch silicon wafer which was previously treated with
HMDS (100°C for 60 seconds) using “CLEAN TRACK ACT8” (manufactured by
Tokyo Electron, Ltd.). The circular hollowed area of the center of the silicone rubber
sheet was filled with 10 ml of ultra-pure water using a 10 ml one-mark pipette.

After forming a coating with a thickness of 77 nm (after PB at 205°C for 60
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37 A-5 4AM2P/DIAE=60/40 2.2 Good Good Good Good 36
AM2P/DIAE=60/40 2.2 Good Good Good Good 1 A-1 4M2 P=100 5.2
Good Good Good Good 0 2 A-2 4M2P=100 5.2 Good Good Good Good
3 A-3 4M2 P=100 5.2 Good Good Good Good 0 4 A-4 4M2P=100 5.2
Good Good Good Good n5 A-54M2 P=100 5.2 Good Good Good Good

6 AM2 P= 10 Good Good.Go 7 P=100.5.2
sec S S S E S HoR B BL Ty ARG Lo PR Ry
Bréwér%ée%éévh%&é@gn%?gﬁqa&@mgrﬁ%ﬁ% ygglﬁ%t%g%ﬁ’ OPENX
Good Good Good Good 11 * A-1/A-5 =70/30 nit of viscosity
TRAIOK3REGTR 6 Oniiabiecd:(ed byriwtg)] PRatteonngd atteenintjaGoatings Elusi@rin
Solvent evaluation 1 evaluation 2 amount of anion Resin Reso- Reso-

compAp b OMAHRNGtIBA SRApERRIRNShEdEtion-JepRFe 1o B SA AR g resin

80 Re of 0.50 0.3 4M2P. 0 m Rect BO R
CoPPR AP AISEAIBE 150 Bl el BORNRELL L 6 T 3 A
w1tp § ﬁnéiggs%%f' Q(B &k S OAW%IRI?&P% 5@&&1%‘%‘/1@1@ 41%@149&?0? g@/I?IQ

85nm Rect BOnm Re of 0.75 4.4 6 A-2 4M2P/DHE = 70/30 85nm Rect

preB&osihh Repdincdatin HtBe Gppe3 RCFA00i BSnomBedti8Raml BekdiH(BB 0a296°C
A-3 4M2P/DBE = 30/70 85nm Reot 80nm Re of 0.75 0.6
for 60 seconds was placed on the silicone rubber sheet so as to cause the coating to
come in contact with the ultra-pure water. This state was maintained for 10 seconds
measured by a stopwatch, whereupon the silicon wafer was removed. After
completion of the experiment, the ultra-pure water was collected using a glass syringe
for use as the analytical sample. The recovery rate of the ultra-pure water after
completion of the experiment was 95% or more.

The peak intensity of the anion part of the photoacid generator in the ultra-pure
water obtained by the above experiment was measured by liquid chromatography mass
spectrometry (LC-MS) (LC section: “SERIES 1100” manufactured by AGILENT, MS
section: “Mariner” manufactured by Perseptive Biosystems, Inc.) using a column
(“CAPCELL PAK MG” manufactured by Shiseido Co., Ltd.) at a flow rate of 0.2
ml/min, and using a solution of 0.1 wt% formic acid in a 3:7 mixture of water and
methanol as an eluant at 35°C. In this instance, peak intensities of the aqueous
solutions of the photoacid generator used for the radiation-sensitive resin composition,
in which the radiation-sensitive resin (A’) is used as a resin component, at
concentrations of 1 ppb, 10 ppb, and 100 ppb were measured under the above
conditions to prepare a calibration curve. The eluted amount was calculated from the
above peak intensity using this calibration curve.

9) Solvent viscosity measurement

The viscosity was measured according to JIS K2283 using a Canon-Fenske
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9 A-3 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.2 10 A-4
DBE=100 85nm Rect 80nm Rect 0.50 0.2 11 A-4 4M2P/DBE = 30/70
85nm Rect BOnm Re of 0.75 0.7 12 A-4 4M2P/DBE = 70/30 85nm Rect
80nm Rect 1.25 1.3 13 A-5 DBE=100 85nm Rent 80nm Re ct 0.50 0.3 14
A-5 4M2P/DBE = 30/70 85nm Rect 80nm Re of 0.75 0.8 15 A-5
4M2P/DBE 70/30 85nm Rect 80nm Re of 1.25 1.6 16 A-6 DBE=100
VisgmeCRect 80nm Rect 0.50 0.2 % 17 A-6 4M2P/DBE 30/70 85nm Rect
[TaBf9M Re ct 0.75 0.6 18 A-6 4M2P/DBE = 70/30 85nm Rect 80nm Re of
1.251.4 '8 19 A-7 DBE=100 85nm Rect 80nm Re of 0.50 0.2 N 20 A-7

4AM2P/DHE = 30/70 85nm; Reqt,.BOnm Re ct 0.75 0.8 21 A-7 4AM2P/DBE = _
70/30 85am Reet-80rm-Re-oF-2516—22-A- B DRE=T00 85 mRe6l, “raiion
80nm Rect 0.50 0.3 Z3AB 4M2P/DRE*= 30/70 85nm Rect 80nm Rect

0.75,0.8 224 A-8,4M2EDBE. 7,%Q/30 §58m RegC80nm REHF 1.25;354 25 cocs
A-9 I;)BE‘*iQO Bszr*ir’flfﬁ'éqtoﬁ@h?ﬁ Re g)f 5) 50 O?% A- 9”=4R@P/D§E’d- g:gg

30/76 85am Reek80nms Re ¢t 0775 1.0 . 27 A-94MRP/DldE-z 70/33:85nm cood
Rent 80rin Re ‘1 25:2. 1, 28 'A-10 DBE=100 §58i Reéf80nm R&Rf0.506224
0.3 29 A:1Q AMPR/ARBE = 3¢70:85nrh: Rect 8GART Rect.7H 0.83307A-1052 2%
AM2R/DBE«= 70/30 85nmoRect 80nmoeRect 1.25:26 31 85m Rert80nm cooa

Good

Re ¢60.50°4.4 ;4285 Rett Bthm Reét 0.75 88233 Chipositig Hbnm 5o oa

Rec} Bonin Regt, 0,58 0.5 °34, shqwn iff Table 3:88fAm RECEBONNERE of  c2o]
0.75 4.0 235 85mrrRect 30mm/Re of 50 0.5 36 85nm Recct 80nAPRe Cct Good

Goo Goad Good
0.751.0 :3% A-5:4MEHIDIAE 560040 85 Rentdinm Reldhl.0002:  soca
g A-6 4M2P/DBE = 70/30 Good Good Good Good
'3 19 A-7 DBE=100 0.7 Good Good Good Good
# 20 A-7 4M2P/DBE = 30/70 1.5 Good Good Good Good
21 A-7 4M2P/DBE = 70/30 2.2 Good Good Good Good
22 A-8 DBE=100 0.7 Good Good Good Good
23 A-8 4M2P/DBE = 30/70 1.5 Good Good Good Good
24 A-8 4M2P/DBE = 70/30 2.2 Good Good Good Good
25 A-9 DBE=100 0.7 Good Good Good Good
26 A-9 4M2P/DBE = 30/70 1.5 Good Good Good Good
27 A-9 4M2P/DBE = 70/30 2.2 Good Good Good Good
28 A-10 DBE=100 0.7 Good Good Good Good
29 A-10 4M2P/DBE = 30/70 1.5 Good Good Good Good
30 A-10 4M2P/DBE = 70/30 2.2 Good Good Good Good
31 0.7 Good Good Good Good
32 1.5 Good Good Good Good
33 Composition 0.7 Good Good Good Good
34 shown in Table 3 1.5 Good Good Good Good
35 0.7 Good Good Good Good
36 1.5 Good Good Good Good
37 A-5 4M2P/DIAE=60/40 2.2 Good Good Good Good
38 * 4M2P/DIRAE=60/40 2.2 Good Good Good Good
a 1 A-1 4M2P=100 5.2 Good Good Good Good
g 2 A-2 4M2P=100 5.2 Good Good Good Good
k4 3 aA-3 4M2P=100 5.2 Good Good Good Good
a 4 A-4 4M2P=100 5.2 Good Good Good Good
o 5 A-5 4M2P=100 5.2 Good Good Good Good
5 6 A-6 4M2P=100 5.2 Good Good Good Good
° 7 A-7 4M2P=100 5.2 Good Good Good Good
% 8 A-8 4M2P=100 5.2 Good Good Good Good
% 9 A-9 4M2P=100 5.2 Good Good Good Good
5 10 A-9 4M2P=100 5.2 Good Good Good Good
11 - - - - - -
* A-1/A-5 =70/30 ** Unit of viscosity : x10 *Pa-s
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38 * 4M2P/DIAE=60/40 85nm Rect 85nm Rect 1.00 1.3 1 A-1 4M2P=100
85nm Rect 80nm Rect 1.75 1.8 0 2 A-2 4M2 P=100 BSnm Rect BOnm Re
of 1.75 7.7 3 A-3 4M2P=100 85nm Rect BOnm Re of 1.75 1.4 4 A-4 4M2
P=100 85nm Rect 80nm Re of 1.75 1.5 5 A-5 4M2 P=100 85nm Rect
80nm Re ct 1.75 1.6 < 6 A-6 4M2 P=100 85nm Rect 80nm Re ct 1.75 1.6
aéA74M2 P%fh 0 BSnm Rect 80nm Re ct 1.75 1.7 W 8 A-B 4M2P=100
Re ct 1 75 1.9 9 A-9 4M2P=100 85nm Rect 80nm Rect
Root SOnm Re 0f*61Table 5]Solvant Bosin Eohe e OVE eT- o
Delam| “Viscos- bility fility mlxmgeﬂratlogg;ggpeﬁ%t* SQ}APL 4MEP/Decam?>

Go@d G’OQd g;t;rgtﬁﬂgpqdjg;m 3§l§g’fm2P/§R§c§ane nmlsgfztz Gpogcg Goocf :
Goad Goed 'i 42 A4-4M2P/Decaner= 70436 2. Ec(S@odF@ood Good Good 3
x 43 A-54MERIEagaNe 3079130 2:2:GoatiGoodGhod:Ghod (044 A6
4M2P/Qedang 7, JEF302,2 Good Gdod Beod Giiad NMSA-73-52 52
AM2P/Decane = 780 212 GBootk &eod Goed Goed 46RA68 4I\A2WDecanee
= 7d/30:22 Gond £30ad ‘Goed Goad 425D ANZFIDetH e = (/30 2.2

Goldd Gudd G664 0gg, A8°A- 1@§‘E§42P?§7écan§o;$70/§;‘§? 2 G@id GOC%di

Good Goad leglmts@fanseoswty 8%31@-3Rast  80nm  Rect -8
A-5 4M2P/DBE = 70/ 85nm Rect 80nm Rect 1.25 1.6

16 A-6 DBE=100 85nm Rect 80nm Rect 0.50 0.2
g7 A-6 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.6
g 18 A-6 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.4
'E. 19 A-7 DBE=100 85nm Rect 80nm Rect 0.50 0.2
) 20 A-7 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.8
21 A-7 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.6
22 A-8 DBE=100 85nm Rect 80nm Rect 0.50 0.3
23 A-8 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.8
24 A-8 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.7
25 A-9 DBE=100 85nm Rect 80nm Rect 0.50 0.3
26 A-9 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 1.0
217 A-9 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 2.1
28 A-10 DBE=100 85nm Rect 80nm Rect 0.50 0.3
29 A-10 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.8
30 A-10 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.5
31 85nm Rect 80nm Rect 0.50 0.4
32 85nm Rect 80nm Rect 0.75 0.8
33 Composition 85nm Rect 80nm Rect 0.50 0.5
34 shown in Table 3 85nm Rect 80nm Rect 0.75 1.0
35 85nm Rect 80nm Rect 0.50 0.5
36 85nm Rect 80nm Rect 0.75 1.0
37 A-5 4M2P/DIAE=60/40 85nm Rect 85nm Rect 1.00 1.2
38 * 4M2P/DIAE=60/40 85nm Rect 85nm Rect 1.00 1.3

Q 1 A-1 4M2P=100 85nm Rect 80nm Rect 1.75 1.8
g 2 A-2 4M2P=100 85nm Rect 80nm Rect 1.75 7.7
T 3 A-3 4M2P=100 85nm  Rect 80nm Rect 1.75 1.4
P 4 A-4 4M2P=100 85nm Rect 80nm Rect 1.75 1.5
a 5 A-5 4M2P=100 85nm Rect 80nm Rect 1.75 1.6
3 6 A-6 4M2P=100 85nm Rect 80nm Rect 1.75 1.6
° 7 A-7 4M2P=100 85nm Rect 80nm Rect 1.75 1.7
34’ 8 A-8 4M2P=100 85nm Rect 80nm Rect 1.75 1.9
.g 9 A-9 4M2P=100 85nm Rect 80nm Rect 1.75 2.2
= 10 A-9 4M2P=100 85nm Rect 80nm Rect 1.75 1.7
e 11 - 8 5nm Rect 80nm Rect -
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[Table 5 (continued)] Solvent Patterning Patterning Coating Elusion
evaluation 1 evaluation 2 amount of anion Resin Type Shape Reso-
Shape (ml) (ppb) YPe lution lution 39 A-l 4AM2P/Decane = 70/30 85nm
Rect 80nm Rect .00 i.8 40 A-2 4M2P/Decane = 70/30 85nm Rect 80nm
Rect 1.00 6.2 41 A-3 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00
T klz f 42 A-4 AM2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.1 43
M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.5 44 A-6
4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.6 m 45 A-7
4AM2P/Decane = 70/30 85gm Rect 80nm Rect 1.00 1.6 46 A-8

4AM2P/Recane = 70/30 8onm Rect 80nm RectP®i00 17pmaysA-gnter- Delani-
4M2P/Decane = 70/393§,Qnm Rect 80ritPRect 1082 b 4 A fg*ing nation

AM2P/Dg noe — 70 QLM Do ‘iul.- r\f1 A0 1 F\Aechn\l\/nln

Tab Aiazpd %@Berﬁﬁieﬁ%@mg cgn}posm NS Whlci‘l &an fofAy Q filr§
stalg in, wate BH0g. eXDASYLS 19 radiatjon in ﬁgégd mggg&smnij gra
andis easily disspbed.in angliajine deyelopeiyere ofained 8oa  cood
xamplessl tavb®,/Bacusing tlaess, thecapnountgbapplieation angdéhe  cood
amaunt of elunion/asshe reduged, while mainiadaing resautiorad  cood
‘Uev&lopabrhtquma&ambt@ arcoznmore methodzcbhe upper layeeéarmingood
COMPOSHIGN oy Present=im&i3ion i tAus vedyddvartegeoussirpthe Good
proHUctlePof @@W@Gﬁmmr?ﬂ’é\?kes %32|NDLPStrcR|ALGA><@P|_|cC;%szB«ﬂ_lT\rGoocl

of theupiesentHyesdion, wmmﬁemprlses a resin capable of formlng a
film stable in water at the time of exposure to radiation and dissolvable in

[Tadldevelaparuaftyr resist-pattern formation, and a solvent containing an
ether, can form a resist pattern excellent in

Patterning Patterning Coating Elusion
Solvent . . .
. evaluation 1 evaluation 2 amount of anion
Resin - - (m1) (ppb)
Type ietsioon Shape lietsioon Shape
39 A-1 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.8
40 A-2 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 6.2
41 A-3 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.2
m 42 A-4 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.1
§ 43 A-5 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.5
'E, 44 A-6 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.6
® 45 aA-7 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.6
46 A-8 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.7
47 A-9 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 2.0
48 A-10 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.5

As shown in Tables 4 and 5, upper layer-forming compositions which can form a
film stable in water during exposure to radiation in liquid immersion lithography and is
easily dissolved in an alkaline developer were obtained in Examples 1 to 48. By using
them, the amount of application and the amount of elusion can be reduced, while
maintaining resolution and developability equivalent to a common method. The upper
layer-forming composition of the present invention is thus very advantageous in the

production of semiconductor devices.
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resolution, developability, and the like, while protecting the lens and the
photoresist film in liquid immersion lithography. The composition can thus
be used very conveniently for production of semiconductor devices which
are expected to become further miniaturized in the future. BRIEF
DESCRIPTION OF THE DRAWING Figure 1 is a cross-sectional view of a

ine;, LANATION OF SYMBOLS 1. Substrate 2.
INI&%?@?@%@W . An upper layer-forming composition covering a
Dhoﬂg%@@ifﬁfnf%ﬁmm%{tﬁﬁ&ﬂﬁépw ol FAARLieR. 1RAPYREISID D

a resin dissolvable in a developer for the “photoresist film and a solvent in
thewhisdnthevesion swiissio lvedpides reinsine golbinitHfasna vsc Oisitysaftliess water
than 5.2 x 10-3 Pa-s at 20C, does not cause intermixing of the photoresist

at thiimsPisE RYPE: tayeditdnning dsnpdodliom adevepeniatisra esisgpattern
compound shown by the fallowing formula.(1) and a monohydric alcohol
For A 140 OLRER TSHRE, R oy RPN A o
res LAV ISPISRD! A PUEL RREIRANI AR AN (R B AR AL BBIGRES P'ilm
a halogenated hydrocarbon group. 2. The upper layer-forming
in loeqipositioniagdordingpbyclaiihd covhgssitioinearesios baswtleast anseniently
recurring unit selected from the group consisting of recurring units having
for prgebigH ehelvispicemd yetivwWigorsrivieh(@e e3pestedito Aasarpokyithesup,
.and a sulfo group, and has a weight average molecular weight measured
muﬂﬁt&%%(g%tggg&}ﬁ“%hromatography of 2,000 to 100,000, | I I R3-C-R NH
C=0111

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a cross-sectional view of a line-and space pattern.

EXPLANATION OF SYMBOLS
1. Substrate

2. Pattern
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OH 0=5=0 OR6 R'(2) (3) (4) wherein, in the formula (2), R3 and R4
individually represent a hydrogen atom, an alkyl group having 1 to 4
carbon atoms, or a fluoroalkyl group having 1 to 4 carbon atoms, in the
formula (3), R5 represents a fluoroalkyl group having 1 to 20 carbon
atoms, and, in 64 the formula (4), R6 represents an organic group having
a polar group. 3. The upper Iayeréimm composition according to claim
2, further comprising at least one cOmponent selected from the group
consisting of an acid component and an acid-generator component which
generates an acid by being exposed to radiation. 4. A photoresist

1. patteymingpenéifedfoomipg sio@positgnaioraiinigg pholhatsiesididilior foyming a
applying a photoresist composition to a substrate, a step of forming an

patigsmay [ayRes YR O e iphotorerRikifgm raye distelyadiedmaidgvalppsistor the

attern hy irradiating the. photoresist film and the upper layer film with
PR 4 ML SR b OB having a specifc

PatterRe 2RV IRRING NS RRJQIG BT REHEH s WRETen PaS Siep @

forming an upper layer film is carriéd out using the upper layer-forming
doesatapasitio maeaokdipgialelgho@ré@mst film and the upper layer-forming
composition, and is a mixture of a compound shown by the following formula (1) and a

monohydric alcohol solvent having 1 to 10 carbon atoms,
R!— O —R? m

wherein R' and R? individually represent a hydrocarbon group having 1 to 8 carbon

atoms or a halogenated hydrocarbon group.

2. The upper layer-forming composition according to claim 1, wherein the resin
has at least one recurring unit selected from the group consisting of recurring units
having a group shown by the following formula (2), (3), or (4), a carboxyl group, and a
sulfo group, and has a weight average molecular weight measured by gel permeation

chromatography of 2,000 to 100,000,

I |
RP*— C—R* N

| o) , |
I

==
A
|
o

I
o
=)
2

OH 0

Rb

2) (3 (4

wherein, in the formula (2), R? and R* individually represent a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a fluoroalkyl group having 1 to 4 carbon atoms, in

the formula (3), R’ represents a fluoroalkyl group having 1 to 20 carbon atoms, and, in
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the formula (4), R® represents an organic group having a polar group.

3. The upper layer-forming composition according to claim 2, further comprising
at least one component selected from the group consisting of an acid component and an

acid-generator component which generates an acid by being exposed to radiation.

4. A photoresist patterning method comprising a step of forming a photoresist film
by applying a photoresist composition to a substrate, a step of forming an upper layer
film on the photoresist film, and a step of forming a resist pattern by irradiating the
photoresist film and the upper layer film with radiation using a liquid as a medium
through a mask having a specific pattern, and developing the photoresist pattern,
wherein the step of forming an upper layer film is carried out using the upper

layer-forming composition according to claim 3.
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