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CHEMICAL AMPLIFYING TYPE POSITIVE RESIST COMPOSITION AND

SULFONIUM SALT

Field of the Invention

The present invention relates to a chemical amplifying ;
type positive resist composition foruse in the fine processing
of a semiconductor.

In general, a lithography process using a resist

composition is adopted for the fine processing of a

_semicbnducto:u Inlithography, the shorter the exposure light

wavelength is, the more the resolution can be higher in
principle, as shown by Rayle;gh’s formuia for diffraction
limited. Exposure light sources for lithography used for
manufacfuring a semiconductor, such as a g-line with a
wavelength of 436 nm, an i-line with a wavelength of 365 nm,
a KrF excimer laser with a wavelength of 248 nm, and an ArF
excimei laser with a wavelength of 193 nm have been adopted.
Thus, the wavelength fhereof has been reduced yeaf by year.
A F2 excimer laser with a wavelength of 157 nm is regarded
aébeingpromisingésthenext-generationexposu;elightsource.
Thereafter, a soft X-ray (EUV) with a wavelength of not more
than 13 nm is proposed as a light source. '
Since a light source having a shorter wavelength than
that of a g-line or an i-line, such as an excimer laser, has
low illumination infensity, the sensitivity of a resist is
required to-be increased. For this reason, there is used a
so-called chemical amplifying type resist containing a resin

having a group utilizing the catalytic action of an acid which
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is generated through light exposure, and is cleaved by the
acid.

However, with a chemical amplifying type resist
composition known in the art, the line edge roughness, i.e.,
the smoothness of the pattérn side wall is deterioratéd due
to the occurrence of a standing wave, or the 1ike. As a resulf .
there occurs a problem that the uniformity of the line width'
is deteriorated.

An oﬁject'of thé present invention is to prdvide,a
chemiéal amplifying type positive resist composition which
comprises a resin component and an acid generator;
is suitaﬁle for excimer laser lithography using an ArF excimer
laser, a KrF e#cimer laser, or the like;
isexcellent invariousresist performances suchassensitivity
and résolution; and
provides a particularly improved line edge roughness.

The present inventors have already found and proposed
the following fact. Namely, by'using'af least one onium salt
selected from triphenylsulfonium salt and diphenyliodonium
salt, and a perfluoroalkylsulfonate salt of 2-oxosulfonium
such as cyclohexylmethyl(2-oxosulufonium)perfluoroalkyl
sulfonate in combination 'as an acid generator. the resolution
is improved, and the profile on a basic substrate or a low
reflectance substrate is also improved (Japanese Patent
Application No.2000-060057). Thereafter, they have found
that this combination sys.tem is also capable of improving the
line edge roughness, and further conducted a study thereon.
As aresult, they have found that by using a specific sulfonium
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salt in place of the perfluoroalkylsulfonate salt of
2-oxosulfonium in the combination, it is possible to improve
the line edge roughness. Thus.theyhavecompletedthepresent'

invention.

Summary of the Invention

The present invention provides a practically excellent
chemical amplifying type positive resist composition which
comprises:

(a) an aéid geﬁerator containing (a) a sulfonium salt

represented by the following formula (I):

1
(l\ + Q 4 5 -

2/ ~CH-C~-Q Q 803 (1)
S

wherein Q' and Q% each independently represent a straight chain
or branched alkyl group having from 1 to 6 carbon atoms or
a cycloalkyl group. having from 3 to 10 carbon atoms, or o!
and Q> form, together with a sulfur atom to which Q' and Q2
afe adjacent, an heteroalicyclic group which may further
contain an oxygen atom and a sulfur atom; Q3 represents a
hydrogen atom, ot represents a straight chain or branched alkyl
group having from 1 to 6 carbon atoms or a cycloalkyl Qroup
having from 3 to 10 carbon atoms, or Q° and Q4 form, together
with a CHC(O) group to which Q® and Q4 are adjacent, a
2-oxocycloalkyl group; and Q°s0;” represents an
organosulfonate ion, provided that when o° represents a
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"or an alkoxy group having from 1 to 6 carbon atoms; and P®S0;

perfluoroalkyl group having from 1 to 8 carbon atoms, there
is excluded the case where Q! represents a straight chain or
branched alkyl group having from 1 to 6 carbon atoms, o?
represents a straight chain or branched alkyl group having
from 1 to 6 carbon atoms, or a cycloalkyl group having from
3 to 10 carbon atoms, and Q® and Q* represent, together ﬁith
their adjacent CHC(0O) group, a 2-oxocycloalkyl group, and

(b) at least one onium éalt selected from a triphenylsulfonium

salt represented by the following formula (IIa), and a

diphenyliodonium salt represented by the following formula

p! P

P2 |
@‘S* P°s0; " P'SO5”

ps P°
 (Da) (Ib)

wherein P! to P® each independently represent hydrogen, a
hydroxyl group, an alkyl group having from 1 to 6 carbon atoms,
and P’S0;” each independently represent anorganosulfonate ion;
and

(B) a resin which has a polymerization uhit having a group
instable against aﬁ acid, and is alkali-insoluble or -~slightly
soluble itself, but is coﬁverted to alkali-soluble by the

action of an acid.
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Further, the present inventiocnalsoprovidesasulfonium

salt represented by the following formula (Ia):

1 .
Q\ + 'O. 4 6 . _ . ’

2/ -CH-C-Q Q SO3 (Ia)
S

wherein Q° represents a perfluoroalkyl group having from 1
to 8 carbon atoms, an alkyl group having from 1 to 8 carbon
atoms, an aromatic group having from 6 to 12 carbon atoms or
a camphor group; when Qf represents a perfluorocalkyl group
having from 1 to 8 carbon atoms, Q' and Q? each independently
represent a straight chain or branched alkyl group having from
1l to 6 carbon atoms or a cycloalkyl group having from 3 to
10 carbon atoms, or Q' and Q? form, together with a sulfur
atom to which Q! and Q? are adjacent, an heteroalicyclic group
which may further contain an oxygen atom and a sulfur atom,
0® represents a hydrogen atom, Q* represents a straight chain
or branched alkyl group h&ving from 1 to 6 carbon atoms or
a cycloalkyl group having f£from 3 to 10 carbon atoms; when Q°
represents an alkyl group having frém 1 to 8 carbon atoms,
an aromatic group having from 6 to 12 carbon atoms or a camphor
group, Q! and Q? each independently represent a straight chain
or branched alkyl group having from 1 to 6 carbon atoms or
a cycloalkyl group having from 3 to 10 carbon atoms, or Q!
and Q2 form, together with a sulfur atom to which Q' and Q2
are adjacent, an heteroalicyclic group which may further

contain an oxygen atom and a sulfur atom, Q® represents a
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hydrogen atom, and Q! represents a straight chain or branched
alkyl group having from 1 to 6 carb".on atoms or a cycloalkyl

group having from 3 to 10 carbon atoms, or Q° and Q4 form,

"together with their adjacent CHC(O_) group, a 2-oxocycloalkyl

group.

Detailed Description of the Preferred Embodiments

An aqid generator to be used for a chemical amplifying
type resist compo.sition is decomposed to generafe an acid bjr
allowing a .radiation such as light or an electron beam to act
upon the substance itself or a resist composition containing
the substance. In the composition of the pi:esent invention,
as such an acid generator, a sulfonium salt represented by
the formula (I}, end at least one onium salt selected from
a friphenylsulfonium salt represented by the formula (IIa),
and a diphenyliodonium salt represented by the formula (IIb)
are used in combinatioﬁ.

In the formula (I), Q! and Q2 may be each independently
an alkyl group having 'from 1 to 6 carbon atoms, or a cycloalkyl

group having from 3 to 10 carbon atoms, and when they each

: have 3 or more carbon atoms, they may be strait-chain, or

branched. Specificexamplesofanalkyl group and acycloalkyl
group include methyl group, ethyl group, propyl group,

isopropyl group, butfl group, tert-butyl group, pentyl group,
hexyl group, and cyclohekyl group. Further, examples of the
heteroalicyclic group formed by Q' and 0 together with their
adjacent sulfur atom include ethylene sulfide, trimethylene

sulfide, tetrahydrothiophene, tetrahydrothiopyran, thioxane,
6
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dithiane, tetrahydrothiophen-3-one, and
tetrahydrothiopyran-4-one. Among them, the heteroalicyclic
group formed by Q! and Q? together with their adjacent sulfur
atom, which ma'y further .contain an oxygen atom and a sulfur
atom, is preferred in terms of thermal stability. If the
thermal stability is good, it becomes possible to raise the
bake temperature (PEB temperature). Generallly speaking, the
roughness J'._s improved with an increase in PEB temperature.
Further, Q® may represent a hydrogen atom, Q* may represent
-a straight chain or bran_ched alkyl group having from 1 to 6
carbon atoms or a cycloalkyl group having from 3 to 10 carbon
atoms, or Q°® and Q* may form, together with their adjacent
CHC(O) group, a 2-oxocycloalkyl group. Specific examples of
the alkyl group and cycloalkyl groﬁp as 0! include methyl group,
ethyl group, propyl group, isopropyl group, butyl group,
tert-butyl group, pentyl group, hexyl group, and cyclohexyl
group. When Q*andQ*form, together with their adjacent CHC(O)
dgroup, a é-oxocycloalkyl group, examples of such a
2-oxocycloalkyl group include 2-o#ocyclohexyl group,
2-oxocyclopentyl groﬁp, camphor group, or the like.

~In the formula (I), the Q°S0;~ represents an
organosulfonate ion. Q° may be an' organic group having.about
from1ltol2carbonatoms, for example. Examples of the organic
group as Q° include a perfluoroalk_yl group having fro;n 1l to
8 carbon atoms, an alkyl group having from 1 to 8 lcarbon atoms,
an aromatic group having fi‘om 6 to 12 carbon atoms and a camphor

group. Specific examples of the perfluoroalkyl group include

trifluoromethyl group, perfluorobutyl group, and
7 .
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perfluorooctyl group. Examples of the alkyl grouphavingfrom
1 to 8 carbon atoms include methyl group, ethyl group, propyl
group, isopropyl group, but'yl group, pentyl group, hexyl group,
cyclohexyl group, and octyl group. Examples of the aromatic
group include phenyl group, tolyl group, xylyl group, mesityl
group, and naphthyl group.

The sulfonium salt represented by the formula (I) can
be produced in accordance with the method known in the art.
For example, it can be produced in accordance with the following
reaction scheme by applying the method described in J. V.
Crivello et al., "“J. Polymer Science., Polymer Chemistry

Edition”", Vol.17, 2877-2892 (1979):

Q, 0 el 0O  Q°SOM
1 N ve
8 + X-gH-C-a* ——= _st-oH-C-q* — s (D
Q® Q® X
(A1) (A2) (B)

wherein o', 02, 0%, 0%, and Q° are as defined above; X represents
halogen such as bromine or iodine; and M represents a hydrogen
atom, an alkali metal such as sodium oxr potassium, or silfrer.

Namely, B8 —haloger_mketone corresponding to the formula
(A2) is allowed to act upon a sulfide compound corresponding
to the formula (Al) to form 5, sulfonium halide corresponding
to the formula (B). Further, a sulfonié acid or a metal salt
of asulfonicacid corresponding to the formula 0°S0;Mis allowed
to act thereon. Consequently, a sulfonium salt represented
by the formula (I) canbeobtained. Thesereactionsarecarried
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out in an appropriate solvept sﬁch as acetone, acetonitrile,
or nitromethane. The éulfide compound of the formula (a1l)
is used in a molar ratio of preferably from 0.7 to 1.5, and
more preferably from 0.8 to 1.1 relative to B -halogenoketone
corresponding to the formula (A2). Whereas, the sulfonicacid
orthemetal saltof asulfonic acidcorrespondingto the formula
Q5so;M may be used in a molar ratio pf from 0.7 to 1.2, and
preferably from 0.8 to 1.0 felative to the sulfide compound
of the formula (Al) used for the formation of the sulfonium
halide of the formula (B). After completion of the reaction,
the halogenated metal sait formed is removed by filfration
or the like, and then post—treatments such as concentration
and recrysatallization are performed. Consequently, a
sulfonium salt of the formula (I) can be obtained.
Examplesofthesulfoniumsaltrepresentedbytheformula
(I) include: ‘
dimethyl-(2-oxopropyl)sulfonium frifluoromethane sulfonate,
dimethyl-(2-oxobutyl)su1fonium trifluoromethane suifonate,

dimethyl-(2-oxopentyl)sulfonium trifluoromethane sulfonate,

dimethyl-(2-oxohexyl)sulfonium trifluoromethane sulfonate,

dimethyl-(2-oxoheptyl)sulfonium trifluoromethane sulfonate,
dimethyl-{2-oxooctyl)sulfonium trifluoromethane sulfonate,

dimethyl-(3-methyl-2-oxobutyl)sulfonium trifluoromethane

’

sulfonate,

3,3-dimethyl-2-oxobutyl dimethylsulfonium trifluoromethane

sulfonate,

2-cyclohexyl-2-oxoethyl dimethylsulfonium trifluoromethane

sulfonate,
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2-cyclopentyl-2-oxoethyl dimethylsulfonium
trifluoromethane sulfonate,
diethyl-(2-oxopropyl)sulfonium trifluoromethane sulfonate,

diethyl-(2-oxobutyl)sulfonium trifluoromethane sulfonate,

diethyl-(2-oxopentyl)sulfonium trifluoromethane sulfonate,

diethyl-(2-oxohexyl)sulfonium trifluoromethane sulfonate,
diethyl-(2-oxoheptyl)sulfonium trifluoromethane sulfonate,
diethyi—(z—oxooctyl)sulfonium trifluoromethane'#ulfonate,
diethyl-(3-methyl¥2—oxobutyl)sulfonium trifluoromethane
sulfonate,

3,3-dimethyl-2-oxobutyl diethylsulfonium trifluoromethane
sulfonate,

2-cyclohexyl-2-oxoethyl diethylsulfohium trifluoromethane
sulfonate, |
2-cyclopentyl—z-oxoethyl'diethylsulfonium trifluoromethane
sulfonate,

dibutyl-(2-oxopropyl)sulfonium trifluoromethane sulfonate,

dibutyl-(2-oxobutyl)sulfonium trifluoromethane sulfonate,

. dibutyl-(2-oxopentyl)sulfonium trifluoromethane sulfonate,

dibutyl-(2—oxohexy1)su1fonium.trifluoromethane sulfonate,

~dibutyl-~(2-oxoheptyl)sulfonium trifluoromethane sulfonate,

dibutyl-(2-oxooctyl)sulfonium trifluoromethane sulfonate,

dibuty1~(3-methyl—2—oxobutyl)sulfonium'trifluorbmethane

. sulfonate,

dibutyl-(3,3-dimethy1-2-oxobutyl) sulfonium
trifluoromethane sulfonate,
dibutyl-(2-cyclohexyl-2-oxoethyl) sulfonium
trifluoromethane sulfonate,

10
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dibutyl-(2-cyclopentyl-2-oxoethyl) sulfonium

trifluoromethane sulfonate,

diisopropyl-(2-oxopropyl)sulfonium trifluoromethane
sulfonate,
diisopropyl-(2-oxobutyl)sulfonium trifluoromethane

sulfonate,
diisopropyl-(2-oxopentyl)sulfonium trifluoromethane
sulfonate,

diisopropyl-(2-oxohexyl)sulfonium trifluoromethane
sulfonate, _
diisopropyl-(2-oxohéptyl)sulfonium trifluoromethane
sulfonate,

diisopropyl-(2-oxoocfyl)sulfonium trifluoromethane
sulfonate,
diisopfopyl-(3-methy1-2;oxobutyl)sulfonium
trifluoromethane sulfonate,
3,3-dimethyl-2—oxobutyl'diisopropylsulfonium
trifluoromethane sulfonate,
2-cyclohexyl-2-oxoethyl diisopropylsulfonium

trifluoromethane sulfonate,

" 2-cyclopentyl-2-oxoethyl diisopropylsulfonium

trifluoromethane sulfonate,

tert-butyl methyl(2-oxopropyl)sulfonium trifluoromethane

sulfonate,

tert-butyl methyl(2-oxobutyl)sulfonium trifluoromethane

sulfonafe,

tert-butyl methyl(2-oxopentyl)sulfonium trifluoromethane

sulfonate,

11
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tert-butyl methyl(z-oxohexyl)sulfonium trifluoromethane

sulfonate, _ ) .
tert-butyl methyl(2-oxoheptyl)sulfonium trifluoromethane
sulfonate,

teitébutyl methy;(z-oxooctyl)sulfonium trifluoromefhane
sulfonate,

tert-butyl methyl(3-methyl-2-oxobutyl)sulfonium
trifluoromethane sulfonate,

tert-butyl (3,3-dimethyl-2-oxobutyl) methylsulfonium
trifluoromethane sulfonate,

tert-butyl (2-cyclohexyl-2-oxoethyl) methylsulfonium
trifluoromethane sulfonate,

tert-butyl (z—cyclopentyl-z-oxogthyl) methylsulfonium
trifluoromethane sulfonate,

cyclohexyl methyl(2-oxopropyl)sulfonium trifluoromethane
sulfonate, |

cyclohexyl methyl(2-oxobutyl)sulfonium frifluoromethane
sulfonate,

cyclohexyl methyl(2-oxopentyl)sulfonium trifluoromethane
sﬁlfonate,

cyclohexyl methyl(i-okohexyl)sulfonium trifluoromethane
sulfonate,

cyclohexyl methyl(2-oxoheptyl)sulfonium trifluoromethane

sulfonate,

cyclohexyl methyl(2-oxooctyl)sulfonium trifluoromethane
sulfonate,

cyclohexyl methyl(3-methyl-2-oxobutyl)sulfonium

trifiuvoromethane sulfonate,

12
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cyclohexyl (3,3-dimethyl-2-oxobutyl) methylsulfonium
trifluoromethane sulfonate,

cyclohexyl (2-cyclohexyl-2-oxoethyl) methylsulfonium
trifluoromethane sulfonate,

cyclohexyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
trifluoromethane sulfonate,

2-oxopropyl thiacyclopentanium trifluoromethane sulfonate,
2-oxobutyl thiacyclopentanium trifluoromethane sulfonate,
2-oxopentyl thiacyclopentanium trifluoromethane sulfonate,
2-oxohexyl thiacyclopentanium trifluoromethane sulfonate,
2-oxoheptyl thiacyclopentanium trifluoromethane sulfonate,
2-oxooctyl thiacyclopentanium trifluoromethane sulfonate,
3-methyl-2-oxobutyl thiacyclopentanium trifluoromethane
sulfonate,

3,3-dimethyl-2-oxobutyl thiacyciopentanium
trifluoromethane sulfonate,

2-cyclohexyl-2-oxoethyl thiacydlopentanium
trifluoromethane sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclopentanium
trifluoromethane sulfonate, '

2-oxopropyl thiacyclohexanium trifluoromethane sulfonate,
2-oxobutyl thiacyclohexanium trifluoromethane sulfonate,
2—oxopénty1 thiacyclohexanium trifluoromethane sulfonate,
2-oxohexyl thiacyclohexanium trifluoromethane sulfonate,
2-oxoheptyl thiacyclohexanium trifluoromethane sulfonate,
2-oxooctyl thiacyclohexanium trifluo:omethane sulfonate,

3-methyl-2-oxobutyl thiacyclohexanium trifluoromethane

sulfonate,
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3,3-dimethyl~2-oxobutyl thiacyclohexanium trifluoromethane

sulfonate,

- 2-cyclohexyl-2-oxoethyl thiacyclohexanium trifluoromethane

sulfonate,
2-cyclopentyl-2-oxoethyl thiacyclohexanium
trifluoromethane sulfonate,

2-oxopropyl f1,4—thiokanium) trifluoromethane sulfonate,
2-oxobutyl (1,4-thioxaniﬁm) trifluoromethane sﬁlfonate,
2~oxopentyl (1,4~thiokanium) trifluoromethane sulfonate,
é—oxohexyl (1.4-thioxanium) trifluoromethane sulfonate,
2~oxoheptyl (1,4-thioxanium) trifluoromethane sulfonate,
2-02000ty1 (l,4-thioxanium) trifluoromethane sulfonate,
3-methjl-2—oxoﬁutyl (1,4-thioxanium) trifluoromethane

sulfonate,

3,3-dimethyl-2-oxobutyl (1,4-thioxanium) trifluoromethane

sulfonate,
2-cyclohexyl-2-oxoethyl (1,4-thioxanium) trifluoromethane
sulfonate,

2-cyclopénty1-2—oxoethy1 (1,4-thioxanium) trifluoromethane

sulfonate,

2-oxopropyl (4-oxothiacyclohexanium) trifluoromethane

sulfonate,

2-oxobutyl (4-oxothiacyclohexanium) trifluoromethane

sulfonate,

2-oxopentyl (4-oxothiacyclohexanium) trifluoromethane

sulfonate,

2-oxohexyl (4-oxothiacyclohexanium) trifluoromethane

sulfonate,
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2-oxoheptyl (4-oxothiacyclohexanium) trifluoromethane

sulfonate,

2-oxooctyi {(4-oxothiacyclohexanium) trifluoromethane
sulfonate,

3-methyl-2-oxobutyl (4-oxothiacyclohexanium)
trifluoromethane sulfonate,

3,3~-dimethyl-2-oxobutyl (4-oxothiacyclohexanium)
trifluoromethane sulfonate,

2-cyclohexyl-2-oxoethyl (4-oxothiacyclohexanium)
trifluoromethane sulfonate,

2-cyclopentyl-2-oxoethyl (4-oxothiacyclohexanium)
trifluoromethane sulfonate,

2-oxopropyl (l,4-dithianium) trifluoromethane sulfonate,
2-oxobutyl (1,4-dithianium) trifluoromethane sulfonate,
2-oxopentyl (1,4-dithianium) trifluoromethane sulfonate,

2-oxohexyl (1,4-dithianium) trifluoromethane sulfonate,

2-0oxoheptyl (1,4-dithianium)'trifluoromethane sulfonate,

2-oxooctyl (1,4-dithianium) trifluoromethane sulfonate,
3-methyl-2~oxdbutyl (1,4-dithianium) trifluoromethane
sulfonate,

3,3-dimethyl-2-oxobutyl (1;4-dithianium)'trifluoromethane
sulfonate,

2~cyclohexyl-2-oxoethyl (1,4-dithianium) trifluoromethane
sulfonate,

2-cyclopentyl-2-oxoethyl (1,4-dithianium) trifluoromethane
sulfonate,

2-oxocyclohexyl thiacyclopentanium trifluoromethane

sulfonate,

15
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dimethyl-(2-oxopropyl)sulfonium perfluorobutane sulfonate,

dimethyl-(2-oxobutyl)sulfonium perfluorobutane sulfonate,
dimethyl-(2-oxopentyl)sulfonium perfluorobutane sulfonate,
dimethyl-(2-oxohexyl)sulfonium perfluorobutane sulfonate,
dimethyl-(2-oxoheptyl)sulfonium perfluorobutane sulfonate,
dimethyl-(2-o0xooctyl)sulfonium perfluorobutane sulfonate,
dimethyl-(3-methyl-2-oxobutyl)sulfonium perfluorobutane
sulfonate,

3,3-dimethyl-2-oxobutyl dimethylsulfonium perfluorobutane.
sulfonate,

2-cyclohexyl-2-oxoethyl dimethylsulfonium perfluorobufane
sulfonate,

2-cyclopentyl-2-oxoethyl dimethylsulfonium perfluorobutane
sulfonate, |

diethyl-(2-oxopropyl)sulfonium perfluorobutane sulfoﬁate,
diethyl-(2-oxobutyl)sulfonium perfiuorobutane sulfonate,
diethyl-(2-oxopentyl)sulfonium perfluorobutane sulfonate,
diethyl-(2-oxohexyl)sulfonium perfluorobutane sulfonate,
diethyl;(Z-Oioheptyl)sulfonium perfluorobutane sulfonate,
diethyl-(2-oxooctyl)sulfonium perfluorobutane sulfonate,
diethyl-(3-methy1-2-ox0bu£yi)sulfonium perfluorobutane
sulfonate,

3,3-dimethyl-2-oxobutyl diethylsulfonium perfluorobutane
sulfonate, |

2-cyclohexyl-2-oxoethyl diethylsulfonium perfluorobutane
sulfonate,

2-cyclopentyl-2-oxoethyl diethylsulfonium perfluorobutane

sulfonate,
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dibutyl-(2-oxopropyl)sulfonium perfluorobutane sulfonate,
dibutyl-(2-oxobutyl)su1fonium perfluorobutane_sulfonate,
dibutyl-(2-oxopentyl)sulfonium perfluorobutane sulfonate,
dibutyl-(2-oxohexyl)sulfonium perfluordbutane sulfonate,
dibutyl-(2-oxoheptyl)sulfonium perfluorobutane sulfonate,
dibutyl—(2—oxooctyl)su1fpnium perfluorobutane sulfonate,
dibutyl-(3—methy1-2-oxobutyl)suifonium perfluorobutane
sulfonate, dibutyl-(3,3-dimethyl-2-oxobutyl) sulfonium
perfluorobutane sulfonate,
dibutyl—(2-cyclohexy1—2—oxoethyl) sulfonium
perfluorobutane sulfonate,
dibutyl-(2-cyclopentyl-2—oxoethy1) sﬁlfonium
perfluorobutane sulfonate,
diisopropyl-(2-oxopropyl)sulfonium perfluorobutane
sulfonate, diisopropyl-(2—oxobutyl)suifonium
perfluorobutane sulfonate,
diisopropyl-(2-oxopentyl)sulfonium perfluorobutane
sulfonate, diisopropyl-(2-oxohexyl)sulfonium
perfluorqbutane sulfonate,
diisopropyl-(2-oxoheptyl)sulfonium perfluorobutane
sulfonafe, diisopropyl-(2-oxooctyl)sulfonium
perfluorobutane sulfonate,
diisopropyl-(3-methy1—2-oxobutyl)sulfoniumperfluorobutane
sulfonate,

3,3-dimethy1-2;oxobufyl diisopropylsulfonium
perfluorobutane sulfonate,

2-cyclohexyl-2-oxoethyl diisopropylsulfonium

perfluorobutane sulfonate,
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2~cyclopentyl-2-oxoethyl diisopropylsulfonium
perfluorobutane sulfonate,

tert-butyl methyl(2-oxopropyl)sulfonium perfluorobutane
sulfonate, |
tert-butyl methyl(2-oxobutyl)sulfonium perfluorobutane
sulfonate, |
tert-butyl methyl(2-oxopentyl)sulfonium perfluorobutane
sulfonate. |

tert-butyl methyl(2-oxohexyl)sulfonium perfluorobutane
sulfonate,

tert-butyl méthyl(z-oxoheptyl)sulfonium perfluorobutane
sulfonate, _

tert-butyl methyl(2-oxooctyl)sulfonium perfluorobutane
sulfonate,

tert-bﬁtyl methyl(3-methy1—2-oxobuty1)suifonium
perfluorobutane sulfonate,

tert-butyl (3,3-diﬁethyl—2-oxobutyl) methylsulfonium
perfluorobutane sulfonate, |
tert-butyl (2-cyclohexyl-2-oxoethyl) methylsulfoniuﬁ
perfluorobutane sulfonate,

tert-butyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
perfluorobutane sulfonate,

cyclohexyl methyl(z-oxopropyl)sulfonium perfluorobutane
sulfonate, cyclohexyl methyl(2-oxobutyl)sulfonium
perfluorobutane sulfonate, cyclohexyl :
methyl(2-oxopentyl)sulfonium perfluorobutane sulfonate,
cyclohexyl methyl(2-oxohexyl)sulfonium perfluorobutane

sulfonate,
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cyclohexyl methyl(2-oxoheptyl)sulfonium perfluorobutane

sulfonate,

cyclohexyl methyl(2-oxooctyl)sulfonium perfluorobutane
sulfonate,

cyclohexyl methyl(3-methyl-2-oxobutyl)sulfonium
perfluoiobutane sulfonate,

cyclohexyl (3,3Qdimethyl-2-oxobutyl) methylsulfonium
perfluorobutane éulfonate,

cyclohexyl (2-cyclohexyl-2-oxoethyl) methylsulfonium
perfluorobutane sulfonate,

cyclohexyl (2—cyclopen£yl-2-oxoethyl) methylsulfonium
perfluorobuténe sulfonate, '
2-oxopropyl thiacyclopentanium perfluorobutane sulfonate,
2-oxobutyl thiacyclopentanium perfluorobutane sulfogate.
2-oxopentyl thiacyclopentanium perfluorobutane sulfonate,
2—6xoh¢xy1 thiacyclopentanium perfluorobutane sulfonate,
2-oxoheptyl thiacyclopentanium perfluorobutane sulfonate,
2-oxpocty1 thiacyclopentanium perfluorobutane sulfonate,
3-methyl~2-oxobutyl thiacyclopentanium perfluorobutane
sulfonate,

3,3-dimethyl-2-oxobutyl thiacyclopentanium perfluorobutane

sulfonate,
2—cyclohexyl—2-o#oéthyl thiacyclopentanium perfluorobutane
sulfonate, |
2-cyclopentyl-2-oxoethyl thiacyclopentanium
perfluorobutane sulfonate,

2-oxopropyl thiacyclohexanium perfluorobutane sulfonate,

2-oxobutyl thiacyclohexanium perfluorobutane sulfonate,
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2-oxopent§1 thiacyclohexanium perfluorobutane sulfonate,
2-oxohexyl thiacyclohexanium perfluorobutane sulfonatéL
2-oxohe§ty1 thiacyclohexanium perfluorobutane sulfonate,
2-oxooctyl thiacyclohexanium perfluorobutane sulfonate,

3-methyl-2-oxobutyl thiacyclohexanium perfluorobutane

sulfonate,

3,3-dimethyl-2-oxobutyl thiacyclohexanium perfluorobutane

sulfonate,

2-cyclohexyl-2-oxoethyl thiacyclohexanium perfluorobutane
sulfonate,

2-cyclopenty1-2-oxoethyl thiacyclohexanium perfluorobutane
sulfonate,

2-oxopropyl (1,4-thioxanium) perfluorobutane sulfonéte,
2-oxobutyl (1,4-thioxanium) perfluorobutane sulfonate,
2-oxopentyl (1,4-thidxanium) per:luorobutane sulfonate,
2-oxohexyl (1,4-thioxanium) perfluorobutane sulfonate,
2-oxoheptyl (1,4-thioxanium) perfluorobutane sulfonate,
2-oxooctyl (1,4-thioxanium) perfluorobutahe sulfonate,
3-methyl-2-oxobutyl (1,4-thioxanium) perfluorobutane
sulfonate, -

3,3-dimethyl-2-oxobutyl (1,4-thioxanium) perfluorobutane

sulfonate,

2-cyclohexyl-2-oxoethyl (1,4-thioxanium) perfluorobutane

sulfonate,

2-cyclopentyl-2-oxoethyl (1,4-thioxanium) perfluorobutane

sulfonate,

2-oxopropyl (4-oxothiacyclohexanium) perfluorobutane

sulfonate,
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2-oxobutyl (4—oxothiacyciohexanium) perfluorobutane

sulfonate,

2-oxopentyl (4-oxothiacyclohexanium) perfluorobutane

sulfonate,

'2—oxohexyl (4-oxothiacyclohexanium) perfluorobutane

sulfonate,

2-oxoheptyl (4-oxothiacyclohexanium) perfluorobutane
sulfonate,

2-oxooctyl (4-oxothiacyclohexanium) perfluorobutane
sulfonate,

3-methyl-2-oxobutyl (ﬁ-oxothiacyclohexanium)
perfluorobutane Sulfonate,

3,3-dimethyl-2-oxobutyl (4-oxothiacyclohexanium)
perfluorobutane sulfonate,

2-cyclohexyl-2-oxoethyl (4-oxothiacyclohexanium)
perfluorobutane sulfonate,

2-cyclopentyl-2-oxoethyl (4-oxothiacyclohexanium)
perfluorobutane sulfonate,

2-oxopropyl (1,4-dithianium) peifluorobutane sulfonate,
2-oxobutyl (1,4-dithianium) perfluorobutane sulfonate,
2-oxopentyl (1,4—dithianium) perfluorobutane sulfonate,
2-oxohexyl (1,4-dithianium) perfluorobutane sulfonate,
2-oxoheptyl (1,4-dithianium) perfluorobutane sulfonate,
2-oxooctyl (1,4-dithianium) perfluorobutane sulfonate,
3-methyl-2-oxobutyl (1,4-dithianium) perfluorobutane
sulfonate,

3,3-dimethyl-2-oxobutyl (1,4-dithianium) perfluorobutane

sulfonate,
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2-cyclohexyl-2-oxoethyl (1,4-dithianium) perfluorobutane

sulfonate,

2-cyclopentyl-2-oxoethyl (1,4-dithianium) perfluorobutane

sulfonate,

2-oxocyclohexyl thiacyclopentanium perfluorobutane
sulfonate, |
dimethyl-(2-oxopropyl)sulfonium perfluorooctane sulfonate,
dimethyl-(2-oxobutyl)sulfonium perfluorooctane sulfonafe,
dimethyl-(2-oxopentyl)sulfonium perfluorooctane sulfonate,
dimethyl-(2-oxohexyl)sulfonium perfluorooctane sulfonate,
dimethYl-(2-oxoheptyl)sulfoniunlperfluorooctane sulfonate,
dimethyl-(2-oxooctyl)sulfonium perfluorooctane sulfonate,
dimethyl-(3—methyl—2-oxobutyl)sulfonium perfluorooctane
sulfonate,

3,3—dimethy1-2—oxobuty1 dimethylsulfonium perfluorooctane
sulfonate,

2-cyclohexyl-2-oxoethyl dimethylsulfonium perfluorooctane
sulfonate,

2-cyclopentyl-2-oxoethyl dimethylsulfonium perfluorococtane
sulfonate,

diethyl-(2-oxopropyl)sulfonium perfluorooctane sulfonate,
diethyl-(2-oxobutyl)sulfoniﬁm perfluorooctane sulfonate,
diethyl-(2-oxopentyl)sulfonium perfluorooctane sulfonate,
diethyl-(2—oxohexyl)sulfonium pérfluoroodfane sulfonate,
diethyl-(2-oxoheptyl)sulfbnium perfluorooctane sulfonate,
diethyl-(2-oxooctyl)sulfonium perfluorooqtané sulfonate,
diethyl-(3-methyl-2-oxobutyl)sulfonium perfluorooctane

sulfonate,
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3,3-dimethyl-2-oxobutyl diethylsulfonium perfluorooctane

sulfonate,

2-cyclohexyl-2-oxoethyl diethylsulfonium perfluorooctane

sulfonate,

2-cyclopentyl-2-oxoethyl diethylsulfonium perfluorooctaﬁe
sulfonate, | |
dibutyl-(2-oxopr§pylfsulfonium perfluorooctane sulfonate,
dibutyl-(2-oxobutyl)sulfonium perfluorboctane sulfonate,
dibutjl-(2-oxopentyl)sulfonium perfluorooctane sulfonate,
dibutyl-(2-oxohexyl)sulfonium perfluorooctane sulfonate,
dibutyl-(2-oxoheptyl)su1foniﬁm perfluorooctane sulfonate,

dibutyl-(2-oxococtyl)sulfonium perfluorococtane sulfonate,

'dibutyl-(3-methy1—2—oxobutYl)sulfonium perfluorooctane

sulfonate,
dibutyl-(3,3-dimethyl-2-oxobutyl) sulfoniﬁm
perfluorooctane sulfonate,
dibutyl-(2-cyclohexyl-2-oxoethyl) sulfonium
perfluorooctane sulfonate,
dibﬁtjl-(2—cyclopentyl-2—oxoethyl) sulfonium
perfluorooctane sulfonate,
diisopropyl-(2-oxopropyl)sulfonium perfluorooctane
suifénate, diisopropyl-(2-oxobutyl)sulfonium
perfluorooctane sulfonate,
diisopropyl-(2-oxopentyl)sulfonium perfluorcoctane
sulfonate, diisopropyl-(z—oxohexyl)suifonium
perfluorooctane sulfonate,
diisopropyl-(2-oxoheptyl)sulfonium perfluorooctane

sulfonate, diisopropyl-(2-oxooctyl)sulfonium
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perfluorooctane sulfonate,

diisopropyl-(3-methyl-2-oxobutyl)sulfoniumperfluorooctane

suifonate,

3,3~-dimethyl-2-oxobutyl diisopropylsulfonium
perfluorxooctane sulfonate,-
2-cyclohex§1—2-oxoethy1 diisopropylsulfonium
perfluorooctane sulfonate,
2-cyclopentyl-2-oxoethyl diisopropylsulfonium
perfluorooctane sulfonate,

tert-butyl methyl(2-oxopropyl)sulfonium perfluorooctane

_sulfonate,

tert-butyl methyl(2—oxobuty1)suifonium perfluorooctane
sulfonate,

tert-butyl methyl(2-oxopentyl)sulfonium perfluorooctane
sulfonate, _
tert-butyl methyl(2-oxohexyl)su1fonium perfluorooctane
sulfonate,

tert-butyl methyl(2-oxoheptyl)sulfonium perfluorooctane
sulfonate; |

tert-butyl methyl(2—oxooctyl)sulfonium perfluorpoctane
sulfonate,

tert-bufyl methfl(3-methy1-2-oxobutyl)sulfonium
perfluorcoctane sulfonate,

tert-butyl (3,3-dimethyl-2-oxobutyl) methylsulfonium
perfluorooctane sulfonate,

tert-butyl (2-cyclohexyl-2-oxoethyl) methylsulfonium
perfluorooctane sulfonate,

tert-butyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
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perfluorooctane sulfonate,

cyclohexyl methyl(2-oxopropyl)sulfonium perfluorooctane
sulfonate, cyclohexyl methyl(2-oxobutyl)sulfonium
perfluorooctane sulfonate, cyclohexyl-
methyl(2-oxopentyl)sulfonium perfluorooctane sulfonate,
cyclohexyl methyl(2-oxohexyl)sulfonium perfluorooctane
sulfonate,

cyclohexyl methyl(2-oxoheptyl)sulfonium perfluorooctane
sulfonate,

cyclohexyl methyl(2-oxooctyl)sulfonium perfluorooctane
sulfonate,

cyclohexyl methyl(3-methyl-2-oxobutyl)sulfonium
perfluorooctane sulfonate,

cyciohexyl (3,3-dimethyl-~2-oxobutyl) sulfonium .
perfluorooctane.sulfonate,'

cyclohexyl (2-cyclohexyl-2-oxoethyl) methylsulfonium

perfluorooctane sulfonate,

cyclohexyl (2-cyclopentyl-2-oxoethyl) methylsulfonium

perfluorooctane sulfonate,

2-oxopropyl thiacyclopentanium perfluorooctane
methylsulfonate,

2-oxobutyl thiacyclopentanium perfluorooctane sulfonate,
2-oxopentyl thiacyclopentanium perfluorooctane sulfonate,
2—ox6hexyi thiacyclopentanium perfluorooctane sulfonate,
2-oxohepty1 thiaqyclopentanium-perfluorooctane sulfonate,
2-ox00ctyl thiacyclopentanium perfluorooctane sulfonate,
3-methyl-2-oxobutyl thiacyclopentanium perfluorooctane

sulfonate,
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3,3-dimethyl-2-oxobutyl thiacyclopentanium perfluorooctane

sulfonate,

2-cyclohexyl-2-oxoethyl thiacyclopentanium perfluorooctane

sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclopentanium
perfluorooctane sulfonate,

2-oxopropyl thiacyclohexanium perfluorooctane sulfonate,
2-oxobutyl thiacyclohexanium perfluorooctane sulfonate,
2-oxo§entyl thiacyclohexanium perfluorooctane sulfonate,
2-oxohexyl thiacyclohexanium perfluorooctane sulfonate,
2-oxoheptyl thiacyclohexanium perfluorooctane sulfonate,
2-oxooctyl thiacyclohéxanium perfluorooctané'sulfonate,
3-methyl-2-oxobutyl thiacyclohexanium perfluorooctane
sulfonate,

3,3—dimethy1-2-oxobutfl thiacyclohexanium perfluorooctane
sulfonate,

2-cyclohexyi-2-oxoethyl thiacyclohexanium perfluorooctane
sulfonate,

2—cyclopentyl-2—dxoethy1 thiacyclohexanium perfluorooctane
sulfonate,

2-oxopropyl (1,4-thioxanium) perfluorooctane sulfonate,
2-oxobutyl (1l,4-thioxanium) peffluorooctane sulfonate,
2~oxopéntyl (1,4-thioxanium) perfluorooctane sulfonate,
2-oxohexyl (1,4-thioxanium) perfluorooctane sulfonate,
2-oxoheptyl (1,4-thioxanium) perfluorooctaﬁe sulfonate,
2~-oxooctyl (1,4-thioxanium) perfluorooctane sulfonate,
3-methyl-~2-oxobutyl (1,4-thioxanium) perfluorooctane

sulfonate,
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3,3-dimethyl-2~oxobutyl (1,4-thioxanium) perfluorooctane

sulfonate,

2-cyclohexyl-2-oxoethyl (1,4-thioxanium) perfluorooctane

sulfonate,

2-cyclopentyl-2-oxoethyl (1,4-thioxanium) perfluorooctane

sulfonate,

2-oxopropyl (4-oxothiacyclohexanium) perfluorooctane
sulfonate,

2-oxobutyl (4-oxothiacyclohexanium) perfluorooctane
sulfonate,

2-oxopentyl (4-oxothiacyclohexanium) perfluoroéctane
sulfonate,

2-oxohexyl (4-oxothiacyclohexanium) perfluoroo&tane
sulfonate,

2-oxoheptyl (4-oxothiacyclohexanium) perfluorooctgne
sulfonate,

2-oxooctyl (4Toxothiacyclohexanium) perflﬁorooctane
sulfonate,

3-methyl-2-oxobutyl (4—oxothiacyclohexaniﬁm)
perfluorooctane sulfonate,

3,3-dimethyl-2-oxobutyl (4-oxothiacyclohexanium)
perfiuorooctane su;fonate.

2-cyclohexyl-2-oxoethyl (4-oxothiacyclohexanium)
rerfluorooctane sulfonate, |
2—cyclopentyl-2-okoethyl (4-oxothiacyclohexanium)
perfluorooctane sulfonate,

2-oxopropyl (1,4-dithianium) perfluorooctane sulfonate,

'2-oxobuty1 (1,4-dithianium) perfluorooctane sulfonate,
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2-oxopentyl (1l,4-dithianium) perfluorooctane sulfonate, -
2-oxohexyl (1,4-dithianium) perfluoroocfane sulfonate,
2-oxoheptyl (1,4-dithianium) perfluorooctane sulfonate,
2-oxooctyl (1,4-dithianium) perfluoroocténe sulfonate,
3—methyl-2-oxobuty1 (1,4-dithianium) perfluorooctane

sulfonate,

3,3-dimethyl-2-oxobutyl (1,4-dithianium) perfluorooctane
sulfonate,

2-cyclohexyl-2-oxoethyl (1,4-dithianium) perfluorooctane
sulfonate, :
2-cyclopentyl-2-oxoethy1 (1,4-dithianium) perfluoroocta#e
sulfonate, ' ﬁ
2-oxocyclohexyl thiacyclopentanium perfluorooctéée

sulfonate,

dimethyl-(2-oxopropyl)sulfonium butaﬁe sulfonate,

dimethyl-{2-oxobutyl)sulfonium butane sulfonate,

dimethyl-(2-oxopentyl)sulfonium butane sulfonate,

dimethyl-(2-oxohexyl)sulfonium butane sulfonate,
dimethyl-(2-oxoheptyl)sulfonium butane sulfonate,
dimethyl-(2-oxooctyl)sulfonium butane sulfonate,
dimethyl- (3-methyl-2-oxobutyl)sulfonium butane sulfonaté}
3.3-dimethyl-2-oxobutyl dimethylsulfoniumbutane sulfonaté,
2-cyclohexy1-2—oxoethyldimethylsulfoniumbutanesulfonaté,
2~cyclopentyl-2-oxoethyl dimethylsulfonium butane :
sulfonate,

diethyl-(2-oxopropyl)sulfonium butane sulfonate,
diethyl-(2-oxobutyl)sulfonium butane sulfonate,

diethyl-(2-oxopentyl)sulfonium butane sulfonate,
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diethyl-(2-oxohexyl)sulfonium butane sulfonate,
diethyl-(2-oxoheptyl)sulfonium butane sulfonate,
diethyl-(2-oxooctyl)sulfonium butane sulfonate,
diethyl;(3-methyl-2-oxobutyl)sulfonium butane sulfonate;;
3,3-dimethyl-2-oxobutyl diethylsulfonium butane sulfohaté,
2-cyclohexyl-2-oxoethyl diethylsulfonium butane sulfonaté,
2-cyclopentyl-2-oxoethyl diethylsulfoniumbutane sulfonaté,
dibutyl-kz-oxopropyl)sulfonium'butane sulfonate,
dibutyl-(2-oxobutyl)sulfonium butane sulfonate,
dibutyl-(2-oxopentyl)sulfonium butane sulfonate,
dibutyl-(2-oxohexyl)sulfonium butane'sulfonate,
dibutyl-(2-oxohéptyl)sulfonium butane sulfonate,
dibutyl-(2-oxooctyl)sulfonium butane sulfonate,
dibutyl-(3-methyl;2-oxobuty1)Sulfonium butane sulfonate.;
dibutyl-(3,3-dimethyl-2-oxobutyl) sulfonium butane .
sulfonate, |
dibutyl-(2-cyclohexyl-2-oxoethyl) sulfonium Butane
sulfonate,

dibutyl-(2-cyclopentyl-2-oxoethyl) sulfonium butane
sulfonate,

diisopropyl-(2-oxopropyl)sulfonium butane sulfonate,
diisopropyl-(2-oxobutyl)sulfonium butane sulfonate,
diisopropyl-(2-oxopentyl)sulfonium butane sulfonate,
diisopropyl-(2-oxohexyl)sulfonium butane sulfonate,
diisopropyl-(2-oxoheptyl)sulfonium butane sulfonate,
diisopropyl-(2-oxoocty1)su1fonium'butane sulfonate,
diisopropyl-(3-me£hy1-2—oxobutyl)sulfonium butane

sulfonate,
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3,3-dimethyl-2-oxobutyl diisopropylsulfonium butane

sulfonate,

2-cyclohexyl-2-oxoéthyl diisopropylsulfonium butane

sulfonate,

2-cyclopentyl-2-oxoethyl diisopropylsulfonium butane

sulfonate,
tert-butyl
tert-butyl
tert-butyl
tert-butyl
tert-butyl
tert-butyl
tert-butyl
sulfonate,
teft-bufyl
sulfonate,
tert-butyl
sulfonate,

tert-butyl

methyl(2-oxopropyl)sulfonium butane sulfonaté;
methyl(2-oxobu£yl)su1fonium butane sulfonatef
methyl(2-oxopentyl)sulfonium butane sulfonaté;
methyl(2-oxohexyl)sulfonium butane sulfonate;
methyl(2-oxoheptyl)sulfonium butane sulfdnaté;
methyl(z-oxooctyl)sulfonium butane sulfonate;

methyl(3-methyl-2-oxobutyl)sulfonium butane
(3.3 —dimethyl- 2-oxobutyl) methylsulfonium butai‘_ie
(2-cyclohexyl-2-oxoethyl) methylsulfonium butahe

(2-cyclopentyl-2-oxoethyl) methylsulfonium

butane sulfonate,

cyclohexyl
cyclohexyl
cyclohexyl
cyclohexyl
cyclohexyl
cyclohexyl
cyclohexyl

sulfonate,

methyl{2-oxopropyl)sulfonium butane sulfoﬁaté;
methyl(2-oxobutyl)sulfonium butane sulfonatef
methyl(2-oxopentyl)sulfonium butane sﬁlfonaté,
methyl(2-oxohexyl)sulfonium butane sulfonatef '
methyl({2-oxoheptyl)sulfonium butane sulfonaté,
methyl(2-oxooctyl)sulfonium butane sulfonate,

methyl(3-methyl-2-oxobutyl)sulfonium butane
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cyclohexyl(3,3-dimethy1-2-oxobutyl)methylsulfoniumtnmahe
sulfonate, )
cyclohexyl(2—cyciohexyl-2-oxoethyl)methylsulfoniumtwmané
sulfonate,

cyclohexyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
butane sulfonate, |

2-oxopropyl thiacyclopentanium butane sulfonate,
2-oxobutyl thiacyclopentanium butane sulfonate,
2-oxopentyl thiacyclopentanium butane sulfonate,
2-oxohexyl thiacyclopentanium butane sulfonate,
2-oxoheptyl thiacyclopentanium butape sulfonate,
2-oxooctyl thiacyclopentanium butane sulfonate,
3-methylF2—oxobutyl thiacyclopehtanium butane sulfonate;?
3.3-dimethjl-2-oxobutyl thiacyclopentanium butane |
sulfonate, | ‘
2-cyclohexyl-2-oxoethyl thiacyclopentanium butane
sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclopentanium butane
sulfonate,

2-oxopropyi thiacyclohexanium butane sulfonate,
2-oxobutyl'thiacyclohexanium butane sulfonate,
2-oxopentyl thiacyclohexanium butane sulfonate,
2-oxohexyl thiacyclohexanium butane sulfonate,
2-oxoheptyl thiacyclohexanium butaﬁe sulfonate,
2-oxooétyl thiacyclohexanium butane sulfonate,
3-methyl-2-oxobutyl thiacyclohexanium bﬁtane sulfonate,
3,3-dimethy1-2-oxobuty1thiacyclohexaniumbutanesulfonate,

2-cyclohexyl-2-oxcethyl thiacyclohexanium butane sulfonate,
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2-cyclopentyl-2-oxoethyl thiacyclohexanium butane
sulfonate,

2-oxopropyl (1,4-thioxanium) butane sulfonate,

2-oxobutyl (1,4-thioxanium) butane sulfonate,

2-oxopentyl (1,4-thioxanium)'butane sulfonate,

2-oxohexyl (1l,4-thioxanium) butane sulfonate,

2-oxoheptyl (1,4-thioxanium) butane sulfonate,

2-oxooctyl (1l,4-thioxanium) butane sulfonate,
3-methyl-2-oxobutyl (1,4-thioxaniuﬁ) butane sulfonate,
3,3-dimethyl-2-oxobutyl (1,4-thioxanium) butane sulfonaté,
2-cyclohexyl-2-oxoethyl (1,4-thioxanium) butane sulfonate,
2—cyclopentj1—2-oxoethyl(1,4-thioxanium)butanesulfonaté,
2-oxopropyl (4-oxothiacycloh¢xanium) butane sulfonate, |

2-oxobutyl (4-oxothiacyclohexanium) butane sulfonate,

- 2-oxopentyl (4-oxothiacyclohexanium) butane sulfonate,

2-oxohexyl (4-oxothiacyclohexanium) butane sulfonate,
2-oxoheptyl (4-oxothiacyclohexanium) butane sulfonate,
2-oxooctyl (4-oxothiacyclohexanium) butane sulfonate,
3-methyl-2-oxobutyl (4-oxothiacyclohexanium) butane
sulfonate, |
3,3-dimethyl-2-oxobutyl (4-oxothiacyclohexanium) butane
sulfonate,

2-cyclohexyl~2-oxoethyl (4-oxdthiacyclbhexanium) butanei
sulfonaté,
2-cyclopentyl-2-oxoethyl (4-oxothiacyclohexanium) butané
sulfonate, - |
2-oxopropyl (1,4-dithianjium) butane sulfonate,

2-oxobutyl (1,45dithianium) butane sulfonate,
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2-oxopentyl (1,4-dithianium) butane sulfonate,

2-oxohexyl (1,4-dithianium) butane sulfonate,

2-oxoheptyl (1,4-dithianium) butane sulfonate,

2-oxooctyl (1,4-dithianium) butane sulfonate,
3-methyl-2-oxobutyl (1,4-dithianium) butane éulfonate.
3,3-dimethyl-2-oxobutyl (1,4-dithianium) butane sulfonate,
2-cyclohexyl-2-oxoethyl (1,4-dithianium) butane sulfonaté,
2-cyclopentyl-2-oxoethyl(1,4—dithianium)butanesulfonaté,
2-oxocyclohexyl thiacyclbpentanium butane sulfonate,
dimethyl-(240x6propyl)sulfonium p~toluene sulfonate,
dimethyl-(2-oxobutyl)sulfonium p-toluene sulfonate,
dimethyl-(2-oxopentyl)sulfonium p-toluene sulfonate,
dimethyl-(2-oxohexyl)sulfonium p-toluene sulfonate,
dimethyl-(2-oxoheptyl)sulfonium p~toluene sulfonate,
dimethyl-(2-oxooctyl)sulfonium p-toluene sulfonate,
dimethyl-(3-methyl-2-oxobutyl)sulfonium p-toluene
sulfonate, | |

3,3-dimethyl-2-oxobutyl dimethylsulfonium p-toluene
sulfonate,

2-cyclohexyl-2-oxoethyl dimethylsulfonium p-toluene
sulfonate,

2-cyclopentyl-2-o#oethyl dimethylsulfonium p-toluene
sulfonate,

diethyl-(2-oxopropyl)sulfonium p-toluene sulfonate,
diethyl-(2-oxobutyl)sulfonium p-toluene sulfonate,
diethyl-(2-oxopentyl)sulfonium p-toluene sulfonate,
diethyl-(2-oxohexyl)sulfonium p-toluene sulfonate,

diethyl-(2-oxoheptyl)sulfonium p-toluene sulfonate,
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diethyl-(2-oxooctyl)sulfonium p-tolﬁene sulfonate,
diethyl-(3-methyl-2-oxobutyl)sulfonium p-toluene
sulfonate,

3,3-dimethyl-2-oxobutyl dieihylsulfonium p-toluene
sulfonaté,

2-cyclohexyl-2-oxoethyl diethylsulfonium p-toluene
sulfonate, |
2-cyclopentyl-2-oxoethyl diethylsulfonium b-toluene
sulfonate,

dibutyl-(2-oxopropyl)sulfonium p-toluene sulfonate,
dibutyl—(2-oxobuty1)sulfonium p-toluene sulfonate,
dibutyl- (2-oxopentyl)sulfonium p-toluene sulfonate,
dibutyl-(2-oxohexyl)sulfonium p-toluene sulfonate,
dibutyl-(2-oxoheptyl)sulfonium p-tolﬁene sulfonate,
dibutyl-(2-oxoocty1)3ulfoniumlp-toluene sulfonéte,
dibutyl-(3-methyl-2-oxobutyi)sulfonixmlp—toluene sulfonafe,
dibutyl-(3,3-dimethyl-2-oxobutyl) sulfoni;m p-toluene |
sulfonate, | |
dibutyl-(2-cyclohexyl-2-oxoethyl) sulfonium p-toluene
sulfonate, |
dibutyl-(2-cyclopentyl-2-oxoethyl) sulfonium p-toiuene
sulfonafe,

diisopropyl-(2-oxop:opyl)su1fonium p-toluene sulfonate,4
diisopropyl—(2-oxobuty1)su1fonium p-toluene sulfonate,
diisopropyl—(2-oxopentyl)sulfoﬁium p-toluene sulfonate,
diisopropyl-(2-oxohexyl)sulfonium p-toluene sulfonate,
diisopropyl-(2-oxoheptyl)sulfonium p-toluene sulfonate, '

diisopropyl-(2-oxooctyl)sulfonium p-toluene sulfonate,
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diisopropyl-(3;methyl—2-oxobutyl)sulfonium p-toluene
sulfonate,

3,3-dimethyl-2-~oxobutyl diisopropylsulfonium p-toluene
sulfonate,

2-cyclohexyl-2-oxoethyl diisopropylsulfonium p-toluene
sulfonate,

2-cyclopentyl-24oxoethyl diisopropylsulfonium p-toluene.
sulfonate,
te:t—butylmethyl(2-oxopro§yl)su1fonium;htoluenesulfonafe,
tert-butylnwthyl(2-oxobutyl)sul£oniwnp-toluenesulfonaté,
tert-butylmethyl(2-oxopentyl)su1fonium;htoluenesulfonaﬁe,
tert-butylmethyl(2-oxohexy1)sulfonium;htoluenesulfonaté,
tert-butylmethyl(2¥oxoheptyl)sulfonium;htoluenesulfonaﬁe,
tert-butylmethyl(2-oxooctyi)sulfoniumI»toluenesulfonaté,
tert-butyl methyl(3-methyl-2—oxobutyl)sulfoniﬁm p-toluené
sulfonate,- |

tert-butyl (3,3-dimethyl-2-oxobutyl) methylsulfonium

. p-toluene sulfonate,

tert-butyl (2-cyclbhexyl-2—oxqethyl) ﬁethylsulfonium
p-toluene sulfonate,

tert-butyl (2?cyclbpentyl-zeoxoethyl) methylsulfonium
p-toluene sulfonéte. |
cyclohexylmethyl(2-ox0propyl)sulfonium;htoluenesulfonate,
cyclohexylmethyl(z-oxobutyl)sulfonium;htoluenesulfonaté,
cyclohexyl methyl(2-oxopentyl)sulfoniump-toluene sulfonate,
cyclohexyl methyl(2-oxohexyl)sulfonium p-toluene sulfonate,
cyclohexyl methyl(2-oxoheptyl)sulfonium p-toluene

sulfonate,_
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cyclohexyl methyl(2-oxooctyl)sulfoniump-toluene sulfonate,
cyclohexyl methyl(3-methyl-2-oxobutyl)sulfonium p-toluene
sulfonate, | |
cyclohexyl (3,3-dimethyl-2-oxobutyl) methylsulfonium
p-toluene sulfonate,

cyclohexyi (2-cyclohexyl—2-oxoefhy1) methylsulfonium
p-toluene sﬁlfonate,

cyclohexyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
P-toluene sulfonate,

2-oxoprole thiacycldpentanium p-toluene sulfonate,
2-oxobutyl thiacyclopentanium p-toluene sulfonate,
2-oxopentyl thiacyclopentapium p-toluene sulfonate,
2-oxohexyl thiacyclopentanium p;toluene sulfdnate,
2-oxoheptyl thiacyclopentanium p-toluene sulfonate,
2-oxooctyl thiacyclopentanium p-toluene sulfonate,
3—methyl—2-oxobutylthiacyclopeﬂtanium;rtoluenesulfonate.
3,3-dimethyl-2-oxobutyl thiacyclopentanium p-toluene
sulfonate,

2-cyclohexyl-2-oxoethyl thiacyclopentanium p—tolqene
sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclopentanium p-toluene
sulfonate, ‘

2-oxopropyl thiacyclohexanium p-toluene sulfonate,
2-oxobutyl thiacyclohexanium p-toluene sulfonate,
2-oxopentyl thiaqyclohexanium tholuene sulfonate,
2-oxchexyl thiacyclohexanium p—toiuene sulfonate,
2-oxoheptyl thiacyclohexanium p-toluene sulfonate,

2-oxooctyl thiacyclohexanium p-toluene sulfonate,
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3-methyl-2-oxobutyl thiacyclohexanium p-toluene sulfonate,
3.3-dimethyl-2-oxobutyl thiacyclohexanium p-toluene
sulfonate,

2-cyclohexyl-2-oxoethyl thiacyclohexanium p-toluene
sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclohexanium p-toluene
sulfonate,

2-oxopropyl (1,4-thiéxanium) p-toluene sulfonate,
2-oxobutyl (1,4-thioxanium) p-toluene sulfonate,
2—oxopentyl (1,4-thioxanium) p-toluene sulfonate,
2-ox6hexyl (1,4-thioxanium) p-toluene sulfonate,
2-oxoheptyl (1,4-thioxanium) p-toluene sulfonate,
2-oxooctyl (1,4—thioxaniﬁm) p-toluene sulfonate,
3-methyl-2-oxobutyl (1,4-thioxanium) p-toluene sulfonate?
3,3-dimethyl-2-oxobutyl (1,4-thioxanium) p-toluene |
sulfonate,

2-cyclohexyl-2-oxoethyl (1,4-thioxanium) p-toluene
sulfonate,

2-cyclopentyl-2-oxoethyl (1;4-thioxanium) p-toluene
sulfonate,

2-oxopropyl (4-oxothiacyclohexanium) p-toluene sulfonate).

2-oxobutyl (4-oxothiacyclohexanium) p-toluene sulfonate,

‘2-oxopentyl (4-oxothiacyclohexanium) p-toluene sulfonate;

2-oxohexyl (4-oxothiacyclohexanium) p-toluene sulfonate,
2-oxoheptyl (4-oxothiacyclohexanium) p-toluene sulfonate;
2-oxooctyl (4-oxothiacyclohexanium) p-toluene sulfonate,

3-methyl-2-oxobutyl (4-oxothiacyclohexanium) p-toluene

sulfonate,
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3,3-dimethyl-2-oxobutyl (4-oxothiacyclohexanium) p-toluene

sulfonate,
2-cyclohexyl-2-oxoethyl (4-oxothiacyclohexanium) p-toluene
sulfonate,

2-cyclopentyl-2-oxoethyl (4-oxothiacyclohexanium)
p-toluene sulfonate,

2-oxopropyl (1,4-dithianium) p-toluene sulfonatg,
2-oxobutyl (1,4-dithianium) p-toluene sulfonate,
2-oxopentyl (1l,4-dithianium) p-toluene sulfonate,
2-oxohexyl (1,4-dithianium) p-toluene sulfonate,
2-oxoheptyl (1,4-dithianium) p-toluene sulfonate,

2-oxooctyl (1,4-dithianium) p-toluene sulfonate,

3-methyl-2-oxobutyl (1,4-dithianium) p-toluene sulfonate,

3,3-dimethyl-2-oxobutyl (1,4-dithianium) p-toluene
sulfonate,

2-cyclohexyl-2-oxoethyl (1,4~dithianium) pftoluene
sulfonate,

2-cyclopentyl-2-oxoethyl (1,4-dithianium) p-toluene
sulfonate,

2-oxocyclohexyl thiacyclopentanium p-toluene sulfonate,
dimethylj(z-oxopropyl)sulfonium camphor sulfonate,
dimethyl-(2-oxobutyl)sulfonium camphor sulfonate,
dimethyl- (2-oxopentyl)sulfonium camphor sulfonate,
dimethyl- (2-oxohexyl)sulfonium camphor sulfonate,
dimethyl-(z-oxoheétyl)sulfonium-camphor sulfonate,
dimethyl-(2-oxooctyl)sulfonium camphor sulfonate,
dimethyl-(3-methyl-2-oxobutyl)sulfonium camphor sulfonate,

3,3-dimethyl-~-2-oxobutyl dimethylsulfonium camphor
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sulfonate,
2—cyclohele—2-oxoethy1 dimethylsulfonium camphor
sulfonate,

2-cyclopentyl-2-oxoethyl dimethylsulfonium camphor
sulfonate,

diethyl-(2-okopropy1)su1fonium camphor sulfonate,
diethyl-(2-oxobutyl)sulfonium camphor sulfonate,
diethyl-(2-oxopentyl)sulfonium camphor sulfonate,
diethyl-(2-oxohexyl)sulfonium camphor sulfonate,
diethyl-(2-oxohepty1)sulfonium camphor sulfonate,
diethyl—(2-oxoocty1)sulfonium camphor sulfonate,
diethyi-(3—methy1-2-oxobutyl)sulfonium camphor sulfonate,
3,3-dimethyl-2-oxobutyl diethylsulfonium camphor sulfonate,
2-cyclohexy1-2-oxoéthy1 diethylsulfonium camphor sulfonaté ’
2—cyclopenty1—2-oxoéthy1'diethylsulfonium caﬁphor
sulfonate,

dibutyl-(2-oxopropyl)sulfonium camphor sulfonate,
dibutyl-(2-oxobutyl)sulfonium camphor sulfonate,
dibutyl—(2—oxopenty1)su1fonium camphor éulfonafe,.
dibutyl-(2-oxohexyl)sulfonium camphor sulfonate,
dibutyl-(2-oxoheptyl)sulfonium camphor sulfonate,
dibutyl-(2-oxooctyl)sulfonium camphor sulfonate,
dibutyl-(3-methyl-2-oxobutyl)sulfonium camphor sulfonatE,
dibutyl-(3,3-dimethyl-2-oxobutyl) sulfonium camphor
sulfonate, '

dibutyl-(2-cyclohexyl-2-oxoethyl) sulfonium camphor
sulfoﬂate,

dibutyl-(2-cyclopentyl-2-oxoethyl) sulfonium camphor
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sulfonate,

diisopropyl-(2-oxopropyl)sulfonium camphor sulfonate,

.diisopropyl-(2-oxobutyl)sulfonium camphor sulfonate,

diisopropyl-(2-oxopentyl)sulfonium camphor sulfonate,
diisopropyl-(z-oxohexyl)sulfonium camphor sulfonate,
diisopropyl-(2-oxoheptyl)sulfonium camphor sulfonate,
diisopropyl-(2-oxooctyl)sulfonium camphor sulfonate,
diisopropyl-(3-methyl-2-oxobutyl)sulfonium camphor
sulfénate,

3,3-dimethyl-2-oxobutyl diisopropylsulfonium camphor
sulfonate, _

2-cyclohexyl—2-oxoetﬂyl diisopropyisulfonium camphor
sulfonate, _
2-cyclopentyl-2-oxoethyl diisopropylsulfonium camphor
sulfonate,

tert-butyl methyl(2-oxopropyl)sulfonium camphor sulfonate,
tert-butyl methyl(2-oxobutyl)sulfonium camphor sulfonate, .
tert-butyl methyl{2-oxopentyl)sulfonium camphor sulfonate,
tert-butyl methyl(2-oxohexyl)sulfonium camphor sulfonate,
tert-butyl methyl(2-oxoheptyl)sulfonium camphor sulfonate,
tert-butyl methyl(2-oxoocty1)sulfonium camphor sulfonate,
tért-butyl methyl(3-methyl-2-oxobutyl)sulfonium camphor
sulfonate,

tert-butyl (3,3~dimethyl-2-oxobutyl) methylsulfonium
camphor sulfonate,

tert-butyl (2-cyclohexyl-2-oxocethyl) methylsulfonium
camphor sulfonate,

tert-butyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
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camphor sulfonate,

cyclohexyl methyl(z;oxopropyl)sulfonium camphor sulfonate,
cyclohexyl methyl(2-oxobutyl)sulfonium camphor sulfonate,
cyclohexyl methyl(2-oxopentyl)sulfonium camphqr sulfonate,
cyclohexyl methyl(2-oxohexy1)su1fonium camphor sulfonate;

cyclohexyl methyl(2-oxoheptyl)sulfonium camphor sulfonate,

- cyclohexyl methyl(2-oxooctyl)sulfonium camphor sulfonate.

cyclohexyl methyl(3-methyl-2-oxobutyl)sulfonium camphor
sulfonate,

cyclohexyl (3;3-dimethyi-2—oxobutyl) methjlsulfonium
camphor sulfonate,

cyclohexyl (2-cyclohexyl-2-oxoethyl) methylsulfonium
camphor sulfonate,

cyclohexyl (2-cyclopentyl-2-oxoethyl) methylsulfonium
camphor sulfonate, -

2-oxopropyl thiacyclopentanium camphor sulfonate,
2-oxobutyl thiacyclopentanium camphor sulfonate,
2-oxopentyl thiacyclopentanium camphor sulfonate,
2-oxohexyl thiacycldpentanium camphor sulfonate,
2-oxoheptyl thiacyclopentanium camphor sulfonate,
2-oxooctyl thiacyclopentanium camphor sulfonate,
3-methy1-2—oxobutyl thiacyclopentanium camphor sulfonate,
3,3-dimethyl-2-oxobutyl thiacyclopentanium camphor |
sulfonate,

2-cyclohexy1—2-oxoéthyl thiacycloﬁentanium camphor -
sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclopentanium camphor

sulfonate,
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2-oxopropyl thiacyclohexanium camphor sulfonate,
2-oxobutyl thiacyclohexanium camphor sulfonate,
2-oxopentyl thiacyclohexanium camphor sulfonate,
2-oxohexyl thiacyclohexanium camphor sulfonate,
2-oxoheptyl thiacyclohexanium camphor sulfonate,
2-oxooctyl thiacyclohexanium camphor sulfonate,
3-methyl-2-oxobutyl thiacyclohexanium camphor sulfonate,
3,3-dimethyl-2-oxobutyl thiacyclohexanium camphor

sulfonate,

2-cyclohexyl-2-oxoethyl thiacyclohexanium camphor

sulfonate,

2-cyclopentyl-2-oxoethyl thiacyclohexanium camphor
sulfonate,

2-oxopropyl (1,4-thioxanium) camphor sulfonate,
2-oxobutyl (1,4-thioxanium) camphor sulfonate,
2-oxopentyl (1,4-thioxanium) camphor sulfonate,
2-oxohexyl (1,4-thioxanium) camphor sulfonate,
2-oxoheptyl (1,4-thioxanium) camphor sulfonate,
2-oxooctyl (1,4-thioxanium) camphor-sulfonate,
3-methy1-2—oxobufyl (1,4-thibxanium) camphor sulfonate,
3,3-dimethyl-2-oxobutyl (1,4-thioxanium) camphor sulfonate,
2-cyclohexyl-2-oxoethyl (1,4-thioxanium) camphor sulfonate,
2-cyclopentyl-2-oxoethyl (1,4-thioxanium) camphor
sulfonate,

2-oxopropyl (4-oxothiacyclohexanium) camphor sulfonate,
2-oxobutyl (4-oxothiacyclohexanium) camphor sulfonate,
z—oxopentyl (4-oxothiacyclohexanium) camphor sulfonate,

2-oxohexyl (4-oxothiacyclohexanium) camphor sulfonate,
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2-oxoheptyl (4-oxothiacyclohexanium) camphor sulfonate,
2-oxooctyl (4-oxothiacyclohexanium) camphor sulfonate,
3-methyl-2-oxobutyl (4-oxothiacyclohexanium) camphgr
sulfonate,

3,3-dimethyl-2-oxobutyl (4-oxothiacyclohexanium) camphor
sulfonate,

2-cyclohexyl-2-oxoethyl (4-oxothiacyclohexanium) camphor
sulfonate,

2-cyclopentyl-2-oxoethyl (4-oxothiacyclohexanium) camphor
sulfonate,

2-oxopropyl (1,4-dithianium) camphor sﬁlfonate,
2-oxobgty1 (1,4-dithianium) camphor sulfonaté,
2—oxopenty1 (1,4-dithianium) camphor sulfonate,
2-oxohexyl (1,4-dithianium) camphor sulfonate,
2-oxohe§ty1 (l,4-dithianium) camphor sulfonate,
2-oxooctyl (1l,4-Adithianium) camphor sulfonate,
3-methyl-2-oxobutyl (1,4-dithianium) caﬁphor sulfonate,
3,3-dimethyl-2-ox6butyl(1,4-dithianium)camphorsulfonate,
2-cyclohexyl—2-oxoethyl(1;4-dithianium)camphorsulfonate,
2-cyclopentyl-2-oxoethyl (1,4~dithianium) camphor sulfonate, .
and

2-oxocyclohexyl thiacyclopentanium camphor éulfonate,

By the addition the sulfonium salt represented by the
formula (I), the line edge roughness. can be inproved. With
a resist composition using the sulfonium salt represented by
the formula (I) singly as an acid generator, it becomes
difficult to obtain sufficient sensitivity and resolution.

Then, in the resist composition of the present invention, at
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least one onium salt selected from the formulae (IIa) and (IIb)
isused incombinationwith suchasulfoniumsalt of the formula
(I) as an acid generator. By using such an onium salt-based
acid generator in combination therewith, it is possible to
impiove the sensitivity and the resoiution as compared with
the case where the sulfonium salt-based acid generator of the.
formula (I) is used singly, and it is possible to :;mprove the
line edge roughness as compared with the case where at least
one onium salt-based acid generator selected from the formulae
(IIa) and (IIb) is used singly. |
In the formulae (IIa) and (IIb) each respectively

representing triphenylsulfonium salt and diphenyliodonium
salt, P!, P2, P?, P4, and P® each independently represent hydrogen,
a hydroxyl éroup, an alkyl group having from 1 to 6 carbon
atoms, or an alkoxy group having from 1 to 6 carbon atoms.

The alkyl group and the alkoxy group may be straight chain

- orbranchedwhen theyeachhave 3ormore carbonatoms. Specific

examples of an alkyl group' includé methyl group, ethyl group,
propyl group, isopropyl group, butyl group, tert-butyi group,
pentyl group, and hexyl group. Examples of the alkoxy group
include methoxy group, ethoxy group, propoxy group, and butoxy
group. Whereas, in the formulae (IIa) and (IIb), P%s0;" and
P’s0;” each forming an anion represent an organosulfonate ion.
P® and P’ each 'm_ay be an organic group 'having labout from 1
tol2carbonatoms. Examples thereof includeaperfluoroalkyl
group having from-1 to 8 carbon atoms, an alkyl group having
from 1 to 8 carbon atoms, an aromatic group having from 6 to

12 carbon atoms and a camphor group. Specific examples of
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the perfluorocalkyl group having from 1 to 8 carbon atoms, the
alkyl group héving from 1l to 8 carbon atoms, and the aromatic
group having from 6 to 12 carbon atoms include the same ones
as described above. |

If thefe is a commercially available product of the
triphenylsulfonium salt represented by the formula (IIa) or
the diphényliodonium salt represented by the formula (IIb),
it may be used as it is. Alternatively, it may be produce@
in accordance with the conventional method. The
triphenjlsulfonium salt (IIa) may be produced by the following
methods, for example:
amethod in which the corresponding triphenylsulfoniumbromide
is allowed to react with a silver salt of the sulfonic acid
having the same anion as the anion of .the objective compound;
a method in which the corresponding diphenylsulfoxide, a
benzene compouﬁd, and a perfluoroalkanesulfonic acid are
allowed tomutually react in the pi:esence of a trifluoroacetic
acid anhydride in accordance with the description in "Chem.
Pharm. Bull.”, Vol.29, 3753 (1981);
a method in which the corresponding aryl Grignard reagent is
allowed to react with thionyl chldride, and then the reaction
product is allowed to react with triorganosilyl halide to
prepare a triarylsulfonium halide, which is then allowed to
react with the silver salt of the sulfonic acid having the
same anion as the anion of the objective compound in accordance
with the description in JP-A-8-311018; and the like. Whereas,
the compound of the formula (IIa) wherein P!, P?, and/or P?

is a hydroxyl group can be produced by treating the
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triphenylsulfonium salt having a tert-butoxy group on the
benzene ring with the sulfonic acid having the same anion as
the anion of the compound, and eliminating the tert-butoxy
groﬁp therefrom in accordance with the description in
JP-A-8-311018.

Whereas, thediphenyliodoniumsalt (IIb) canbe produced
with the following methods, for example;
a method in which an iodyl sulfuric acid and the corresponding
aryl compound are allowéd to react, followed by the addition
of the sulfonic acid having the same anion as the anion of
the objective compound in accordance with the description in
"J. Am. Chem. Soc.”, vol.81, 342 (1959);
a method in which iodine and a trifluoroacetic acid are added
in a mixed solution of an acetic acid anhydride and a fuming
nitricacid to obtain a reaction product, which is i:hen reacted
with the correspondiﬁg aryl compbund, followed by the addition

of a sulfonic acid having the same anion as the anion of the

objective compound:

amethodinwhich toamixture of the corresponding aryl compound,
an acetic anhydride, and potassium iodate, is added dropwise
a concentrated sulfuric acid, followed by the addition of the
sulfonicacidhaving the same anionas theanionof the objective
compound in accordance with the description in JP-A-9-179302.

Examples of the triphenylsulfonimh salt represented by
the formula (IIa) and diphenyliodonium salt represented by
the formula (IIb) include: |
triphenylsulfonium methanesulfonate,

triphenylsulfonium ethanesulfonate,
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triphenylsulfonium butanesulfonate,

triphenylsulfonium perfluorobutanesulfonate,
triphenylsulfonium p-toluenesulfonate,
triphenylsulfonium_camphor.sulfonate,
4-methylphenyldiphenylsulfonium methanesulfonate,
4-methylphenyldiphenylsulfonium ethanesulfonate,
4-methylphenyldibhenylsulfonium butanesulfonaté,
4-methylphenyldiphenylsulfonium bénzensulfonate,
4-methylphenyldiphenylsulfonium p-toluenesulfonate,
4-mefhylphenyldiphenylsulfonium camphor sulfonate,
4-methylphenyldiphenylsulfonium perfluorobutanesulfonate,
4-hydroxyphenyldiphenylsulfoniumperfluorobutanesulfonate,
4-methoxyphenyidiphenylsulfoniumperfluorobutanesulfonate,
tris(4-methylpheny1)sulfonium perfluorobutanesulfonate,
tris(4-methoxyphenyl)sulfonium pérfluorobutanesulfonate,
4-methylphenyldiphenylsulfonium perfluorooctanesulfonate,
4-hydroxyphenyldiphenylsulfoniumperfluorooctanesulfonate,
4-methoxyphenyldiphenylsulfoniumperfluorooctanesulfonate,
tris(4-methylphenyl)sulfonium perfluorooctanesulfonate,
tris(4-methoxyphenyl)sulfonium perfluorcoctanesulfonate,
diphenyl iodonium perfluorobutanesulfonate,
di(4-methoxyphenyl) iodonium perfluorooctanesulfoﬁate,
di(4-tert-butylphenyl) iodonium perfluorooctanesulfonate,
di(4-tert-butylphenyl) iodonium meth&nesulfonaté,
di(4-tert-butylphenyl) iodoniﬁm ethanesulfonate,
di{(4-tert-butylphenyl) iodonium butanesulfonate,
di(4-tert-butylphenyl) iodonium benzensulfonate,

di(4-tert-butylpheny1) iodonium p-toluenesulfonate, and
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di(4-tert-butylphenyl) iodonium camphor sulfonate.

Then, the resin component constituting the resist
composition of the present invention will be described. The
resin has a polymerizationunit havingagroup instable against
an acid. The resin for a chemically amplifying type positivé
resist itself is generally alkali-insoluble, or
alkali-slightly soluble. However, a part of the groups are
cleaved by the action of the acid, and the resin becomes
alkali-soluble after cleavage. The groups instable against
an acid iﬁ the present invention may also be such various ones
known in the art.. As the groups instable against an acid,
specifically, various esteré'of a carboxylié acid can be
exemplified. Exampleoftheestersofparboxylicacidinclude
alkyl esters such as methyl ester and tert-butyl ester, aceta.l
type esters such as methoxymethyl ester, ethoxymethyl ester;
l-ethoxyethyl ester, l-isobutoxyethyl ester,
l-isopropoxyethyl ester, 1-etﬁoxypropyl ester,
l1-(2-methoxyethoxy)ethyl ester, 1-(2—acetoxyethoxy)ethy1
ester, 1-[2-(l-adamantyloxy)ethoxylethyl ester,
1-[2-(1-adamantanecarbonyloxy)ethoxylethyl ester,

tetrahydrq-z—furylester,andtetrahydro-z-pyranylester,and

alicyclic esters such as isobornyl ester, 2-alkyl-2-adamantyl

ester, and l-(l-adamantyl)-l-alkylalkyl ester. Monomers
leading to polymerization units having such carboxylic acid
esters may be the ones of (meth)acrylate type such as
methacrylic acid ester and acrylic acid ester, or the one in
which a carboxylic acid ester group is bonded to an alicyclic

monomer, such as norbornenecarboxylic acid ester,
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tricyclodecenecarboxyiic acid ester, or
tetracyclodecenecarboxylic acid ester.

Among such moﬁomers, the monomers having a bulky group
inciuding an alicyclic one such as 2-alkyl-2-adamanyl or
l-(1-adamantyl)-1l-alkylalkyl as the group which is cleaved
by the action of an acid is preferably used because of the
excellent resolufion. Examples of such monomers containing
abulkygroupinclude(meth)acfylicacid-z-alkyl-z5adamanty1,
(meth)acrylic acid 1-(l-adamantyl)-l-alkylalkyl,
5-norbonene-2—carboxyli¢ acid z-alkyl-z-adamantyl, and
5-norbornene—2—éarboxylic acid .
1-(1l-adamantyl)-1l-alkylalkyl. Among them, (meth)acrylic
acid-2~alky1—2—adamantyl is preferably used as the monomer
because of the excellent resolution. Typical examples of such
(meth)acrylic-2-alkyl-acid Z-Adamantylinclude acrylic
acid-z-methyl—2-adamanty1, methacrylic
acid—z-methyl-i—adamantyl, acrylic
acid-2-ethyl-2-adamantyl, methacrylic
acid-2-ethyl-2-adamantyl, and acrylic
acid-z-n;butyl-z-adamantyl. Among them, (meth)acrylic
acid-z-ethyl—z-adamahtyl is particularly preferably used
because of the gdod balance betﬁeen the sensitivity and the
heat resistance. If required, other monomers having a groué
which is cleaved by the action of an acid may also be used
in combination.

(Meth)acrylic acid 2-alkyl-2-adamantyl can be
generally produced by the reaction between

2-alkyl-adamantanol or a metal salt thereof, and an acrylic
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acid halide or a methacrylic acid halide.

The resin specified in the present inventionmay further
contain; in addtion to the polymerization unit having a group
instable against an acid as described above, another
polymerization unit which is not cleaved, or is less likely
to be cleaved by the action of an acid. Examples of the other
polymerization unit which can be contained therein iﬁclude
a poly_merization unit having a free carboxylic acid group such
as an acrylic acid or a_methacrylic acid, a polymerization
unit of an aliphatic unsaturafed d:_Lcarboxylic acid anhydride
such as amaleic acid aﬁhydride or an itaconic acid anhydride,
a polymerization unit of 2-norbornene, a polymerization unit
of (meth)acrylonitrile, and polymerization units of various
(meth)acrylic acid esters. The polymerization unit of
hydroxjstyrene is hot preferred for ArF exposure because the
amount of light absorption is large, but it is preferably used
for KrF exposure because there occurs no problem of light
absorption.

"Particularly, it is preferable in terms of the adhesion
of the resist to a substrate thét at 1eas_t one polymerization
units selected fromapolymerizationunit of p~hydroxystyrene:
a polymerization unit of m-hydroxystyrene; a polymerization
unit of (meth)acrylic acid 3-hydroxy-l-adamantyl; a
polymerization unita of (meth)acrylic acid
3,5-hydroxy-l-adamantyl; a polymerization unit of
(meth)acryloyloxy- 7 -butyrolactone in which the lactone ring
may be substituted by alkyl: polymerizationunits of alicyclic

lactones each repi‘esented by the following formulae (IXIIa)
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and (IIIb):

A A

CHoC CHy-C
=0 =0
%‘Rz’" NG
O .
O O

O
(la) (Mb)

wherein R' and R? each independently represent hydrogen or
methyl, and n represents a number of from 1 to 3;
and the like is copolymerized.

The (meth)acrylic acid 3-hydroxy-l-adamantyl,
(meth)acrylic acid 3,5-dihydroxy-l-adamantyl are
commercially available. Alternatively, they can also be

produced by, for example, rgacting the corresponding

: hydroxYadamantane witha (meth)acrylicacidorahalide thereof.

Whereas, the (meth)aéryloyloxy-?’-butyrolactone can be

produced by reacting @ -, or 8 -bromo- 7 -butyrolactone inwhich
the lactone ring may be substituted by alkyl with an acryiic
écid or a methacrylic acid, or reacting@-, or B -hydroxy-
7 -butyrolactone in which the lactone ring may be substituted
by alkyl with an acrylic acid halide or a methacrylic acid
halide. .As the monomers leading to the polymerization units
of alicyclic lactones each represented by the formula (IIIa)
and (IIIb), forexample, (meth)acrylicacidestersofalicyclic
lactones having a hydroxyl group, mixtures thereof, such as
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those shown below, and the 1like can be mentioned. These esters

can be produced, for example, by the reaction between the

corresponding alicyclic lactone having a hydroxyl group and

(meth)acrylic acids (ex., JP-A-2000-26446).

O O (0] 0O
CH
HO HO HO HO 8 CHHO
Q CH:;Q CH;Q - cmf@
04, 0<, | 04, 04, 04,

Any of the polymerization units of (meth)acrylic acid
3-hydroxy-l-adamantyl, and the polymerization units of
(meth)acrylic acid 3,5-dihydroxy-l-adamantyl, the
polymerization units of a-(m’eth)acryloyloxy-‘r
-butyrolactone and the pélymerization units of B

-(meth)acryloyloxy-7 -butyrolactone, and the polymerization

units of aliéyclic lactones represented by the formuiae (IIIa)
or (I1Ib) has a high polarity. The presence of any of them
in a resin improves the adhesion of a resist containing it
to a substrate. These polymérization units also contributes
to the improvement of the resolution of the resist.
Examples of the monomers leading to the polymerization
units of (meth)acryloyloxy-7 -butyrolactone include «
-acryloyloxy- 7 -butyrolactone, ¢ —rﬁethacryloyloxy- 7

-butyrolactone, @ -acryloyloxy-f8, 8-dimethyl-7
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-butyrolactone, a—methacryloyloxy-B,lg-dimethyl-T
~-butyrolactone, ¢ -acryloyloxy- @ -methyl-7 -butyrolactone,
¢ -methacryloyloxy- @ -methyl- 7 -butyrolactone, 8
~acryloyloxy- 7 ~butyrolactone, B -methacryloyloxy-7
-butyrolactone, and B - methacryloyloxy-cx-methyl-T

-butyrolactone.

For KrF excimer laser exposure, even if the

polymerization unit of hydroxystyfene is used as the
polymerization unit of a resin, sufficient transmittance can
be obtained. Specifically,p-,ornhhydroxystylenecopolymer
resins as shown below can be mentioned as such resins. Each
of such copolymer resins can be obtained by radicél
polymerizing the corfesponding {meth)acrylic acid ester
monomers, acetoxystyrene, and styrene, followed by

deacetylation by an acid.

-(-cﬂz -(-cnz—éa '(CHz- -? "('Cﬂz -(—cuz—H -(cu,— ?__—_3
OH _¥-

o} o) forl) Ao o oy
A

foug} fonf) Jccuzég) {erd

i
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-@cuz-"—-)--(-cﬂ2 -(cu,—g-ﬁ -(-cH2 Hz-H—g- -(cu2

O~0=-0=0

i@

C'O

_1__ OH- ‘iiEj

ek, gl

OH

0 (o]
c=0
i

l
OH Iz . OH 0! i
In these cases, use of 2-alkyl-2-adamantyl or

1-adamanty1-1-a1kylalkylasthegroupinstableagainstanacid

is more advantageous in terms of the dry etching resistance.
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Further, the resin containing the polymerization unit
of 2-norbornene has a strong structure because it has an
alicyclic group directly on- its main chain, and hence it
exhibits an excellent dry etching resistance characteristic.

5 The polymerizationunit of 2-norbornene can be introduced into
the main chain by radical polymerizationusing a corresponding
2-norbornene and an aliphatic unsaturated dicarboxylic acid
anhydrides such as maleic acid anhydride and jitaconic acid
anhydride in combination. Therefore, thepolymerizationunit

10 of 2-norbornene is formed by cleavage of its double bond, and
may be represented by the férmula (IV). PFurther, the
polymerizatioﬁ unit of a maleic acid anhydride and the
polymérization unit of an itaconic acid anhydride, which are
the polymerization 'units of aliphatic unsaturated

15 dicarboxylic acid anhydrides, are formed by cleavage of their

res'péctive double bonds, andmay be represented by the formulae

{V) and (VI), respectively.

/ \ oo\
O’J\o)§ 0 2;—?0
- 0/

(IV) (V) (VD)

20
In the formula (IV), R® and R* each independently

represent hydrogen, alkyl having from 1 to 3 carbon atoms,
hydroxyalkyl having from 1 to 3 carbon atoms, carboxyl, cyano,

or -CO0%Z (Z is an alcohol residue ) group, or R® and R* may
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both together form a carboxylic acid anhydride residue
represented by -C(=0)0C(=0)-. When R’ and/or R* is alkyl,
specific examples thereof include methyl, ethyl, and propyl.
Specific examples of hydroxyaikyl as R?® or R* include
hydroxymethyl and 2-hydroxyethyl. WhenRaand/&rR4isa-COOZ
group, it is formed by esterifying carboxyl. As the alcohol
residues co:responding to Z, for example, alkyl having abbut
from 1 to 8 carbon atoms which may be substituted,
2-oxooxo0lan-3-, or ~4-yl, and the like can be mentioned.
Herein, as the substituents for the alkyl, a hydroxyl group,
alicyclichydrocarbonresidues, and the like canbe exeplified.
Then, when R® and/or R? is a carboxylid‘acid ester residue
represented by -C003Z, specific examples thereof include
methoxycarbonyl, ethoxycarbonyl, 2-hydroxyethoxycarbonyl,.
tert-butoxycarbonyl, 2-oxooxolan-3-yloxycarbonyl,
2-oxooxolan-4-yloxycarbonyl,
1,1,2-trimethylpropoxycafbonyl.
l-cyclohexyl-l-methylethoxycarbonyl,
l1-(4-methylcyclohexyl)-1-methylethoxycarbonyl, and
1-(l1-~adamantyl)-1l-methylethoxycarbonyl.

Examples of the monomers for deriving 2-norbornene
represented by the formula (IV) include:
2-norbofnene,
2-hydroxy-5-norbornene,
5-norbornene-2-carboxylic acid,
S-norbornene-Z-methylcarboxylate,
5-norbornene-2-t-butylcarboxylate,

5-norbornene-2-(l-cyclohexyl-l-methylethyl)carboxylate,
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5-norbornene-2-[1-(4-methylcyclohexyl)-1-methylethyl]carb
oxylate, |
5-norbornene-2-[1-{(4~hydroxycyclohexyl)-1l-methylethyl]car
boxylate,
5fnorbornene-2-[1—methy1—1-(4-6xocyclohexy1)—ethyl]carbox

ylate,
5-norbornene-2-[1-(1-adamantyl)-l-methyléthyllcarboxylate
5-norbornene-2-(l-methylcyclohexyl)carboxylate,
5-norbornene-2-(2-methyl-2-adamantyl)carboxylate,
5-norhornene-2—(2—ethyl-2-adamantyl)carbo#ylate,
5-norbornene-2-(2-hydroxy-l-ethyl)carboxylate,
5—norbornene—2~methanoi, and
S-norbornene-z,3-dicarboxylic acid anhydride.

It is preferable that the resin to be used in the present
invention generally contains the polymerizatibn unit having
a group instable against an acid in an amount in the range
of from 10 to 80 mol% although the amount-varies according
to the kind of radiation for patterning exposure, the.kind
of the group instable against an acid, etc. When the
polymerizationunitof (meth)acrylicacid2-alkyl-2-adamantyl
or (meth)acrylic acid 1-(1-adamantyl)-1l-alkyylalkyl is used
as the group instable against an acid, it is advantageous that
this unit is contained in an amount of not less than 15 mol%
based on the total amount of the resin. Further, when in

addition to the polymerization unit instable against an acid,

- other polymerization units which are less likely to be cleaved

by the action of an acid, such as the polymerization units
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of (meth)acrylic acid 3-hydroxy-l-adamantyl, the
poljmerization units of (meth);crylic aciad
3,5<hydroxy-l-adamantyl and @ -methacryloyloxy-7
-butyroléctone, the polymerization unit of B
-methacryloyloxy-7 -butyrolactone, the polymerization units
of alicyclic lactones represented by the formulae (IIIa) ox
(IIIb), the polymerization unit of hydroxystyrene, the
polymerizationﬁnitof2-norbornenerepresentedbytheformula
(IV), the polymerization unit of maleic acid anhydride
represented by the formula (V) and the polymerization unit
of itaconic acid anhydride represented by the formula (VI),
are present thefein, the total amount thereof is preferably
in the range of from 20 to 90 mol% based on the total amount
of the resin.

When 2-norbornes and aliphatic unséturated'
dicarboxylic acid anhydrides are used as copdlymerization
monomers, since they tend to be difficult to polymerize, thy

are preferably used in excess amounts in consideration of this

point.

Itisalsoknown that, generallyinachemical amplifying
type positive resist composition, performance deterioration
due to the deactivation of an acid associated with leaving
after exposure can be reduced by adding basic compounds,
especially basic nitrogen-containing organic compounds such
as amines as quenchers; It is also preferable in the present
invention that such basic compounds are added. Concrete
examplesofthebasiccompoundstobeusedasquenchersinclude

the ones represented by the following formulae:
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R14 \ 1
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R
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R ""'N\ {2 N 'R13
R 11
. R'"
13 13

R14£_3— R R14'

R15 =N N= R15

wherein R'! and R}?, which are same or different from each other,
représent hydrogen, or cycloalkyl, aryl or alkyl ﬁhich may be
optionally substituted with a hydroxyl; R'?, R!* and R'®, which
are same or different from each other, represent hydrogen, or
cycloalkyl, aryl or alkyl which may be optionally substitute_d
with a hydroxyl; R'® represents cycloalkyl or alkyl which may
be optionally substituted with a hydroxyl; and A represents

alkylene, carbonyl, imino. The alkyl represented by R'! to
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R and alkoxy represented by R'? to RY may have about 1 to
6 carbon atoms. The cycloalkyl fepresented by R!! to R may
have about 5 to 10 carbon atoms and the aryl represented by
R' to R'® may have about.s to 10 carbon atoms. The alkylene
represeﬂted by A may have about 1 to 6 carbon atoms and may
be straight-chained or branched.

The resist composition of the present invention
preferably contains the resin in an amount in the range of
80 to 99.9 % by weight, and the acid generator in an amount
in the range of 0.1 to 20 % by weight base_d on the total solid
component weight of the resist composition. In the resist

composition of the present invention, the amounts ratio of

the sulfonium salt represented by the formula (I) to the onium

salt selected from the triphenylsulfonium salt represented
by the formula (IIa) and diphenyliodénium salt represented
by the formula (IIb) is usually in the range of about 9:1 to
1:9 by weight, preferably 8:2 to 2:8, by weight.

When a basic compound is used as a quencher, it is
preferably contained in an amount in the range of 0.01 to 1 %
by weight based on the total solid component weight of the
resist composition. The compoéition may also contain, if
required, small amount of various additives suchas sensitizers,
dissolution inhibitors, other resins, surfactants,
stabilizers, and dyes so far as the objets of the present
in?ention is not harmed.

The resist composition of the présent invention
generally becomes a resist solution in the state in which the

above-described components are dissolved in a solvent to be
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applied on a substrate such as a silicon wafer by an usual
method such as spin coating. The solvent herein used may be
one which dissolves each component, has an appropriate drying
rate, and p:oviaes a uniform and smooth coating after
evaporation of the solvent, and can be one which is generally
used in this field. Examples thereof include glycol ether
esters such as ethylcellosolve acetate, methylcellosolve
acetate,andpropyleneglycolmonomethyletheracetate;esters
such as ethyl lactate, butyl acetéte, amyl acetate, and ethyl
pyruvate; ketones such as acetone, methyl isobutyl ketone;
2-heptanone, and cyclohexanone; and cyclic esters such as 7
~-butyrolactone. These solvents can be used alone or in

combination of two or more thereof.

The resist film applied on a substrate, and dried is.
subjected to an exposure treatment for patterning. Then,
after a heat-treatment for promoting a protecting deblocking
reaction, development by an alkali developer is conducted;
The alkall developer herein used can be various kinds of
alkaline aqueous solutions used in this field. 1In general,
an aqueous solution of tetramethylammoniumhydroxide or
(2-hydroxyethyl)trimethylammoniumhydroxide (so-called
colline) is 6ften used.

The plre.sent invention will be described in more detail
by way of examples, which should not be construed as limiting
the scope of the present invention. All parts in examples
are by weight unless otherwise stated. The weight-average
molecular weight is a value determined from gel permeation

chromatography using polystyrene as a reference standard.
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Acid Generator Synthesis Example 1: synthesis of acid
generator Bl

(1) Into a four-necked flask, were charged 70.17 parts
of tetrahydrothiophene and 750 parts of acetone, to which 150
parts of l-bromopinacolone was added dropwise, followed by
stirring at room temperatur_e for 24 hou;:s. The precipitated
crystal was collected by filtration, and washed with 100 parts
of tert-butylmgthyl ether, and dried to obtain 161.3 parts
of 3,'3-dimethy1-2-oxobutyl thiacyclopentanium bromide. -

(2) info a four-necked flask, were charged 80 parts of
the 3,3-dimethyl-2-oxobutyl thiacyclopentanium bromide
o‘btained in the step (1), and 3200 parts of acetonitrile, to |
which 56.33 parts of poi:assium trif.luoromethanesulfonate was
added dropwise, followed by stirring at room temperature for
18 hours. The precipitated po-tassigm bromide was collected
by filtration, and the filtrate was concentrated. Acetone
was added thereto, followed by stirring at room temperature
for 16 hours, and the insoluble matters were collected by
filtration. The filtrate was further concentrated, and
acetone was added thereto. Then, the mixture was charged in
tert-butylmethyl ether, thereby to obtain 94.73 parts of the
objective substance. This compound was f&und to be
3.3-dimethyl-~-2-oxobutyl thiacyclopentanium
frifluoromethanesulfonate represented by the following

formula by H-NMR ("GX-270" manufactured by Nippon Denshi):
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1H-NMR (chloroform-d, internal standard substance
tetramethylsilane): 0 (ppm)
1.24 (s, 9H); 2.26-2.33 (m, 2H); 2.42-2.52 (m, 2H);

3.45-3.55 (m, 2H); 3.61-3.71 (m, 2H); 4.96 (s, 2H).

Acid Generator Synthesis Example 1-2: synthesis of acid

generator Bl

(1) According to the same procedure as in Acid Generator
Synthesis Example 1 (1), except for increasing the reaction
size, 3,3-dimethyl-2-oxobutyl thiacyclopentaniumbromide was
obtained.

(2) Into a four-necked flésk, were charged 169.58 parts
of the 3,3-dime£hyl-2-oxobuty1 thiacyclopentanium bromide -
obtained in the step (1), and 3391.59 parts of acetonitrile,
and the resulting mixture was cooled to 5°C.. Thereto, 100
parts of trifluoromethanesulfonic acid was added dropwise,
followed by stirring at 5C for 1.5 hours. Thereafiger, the
reaction mass was concentrated to 270 barts, to which 680 parts
of ethyl actate was added. To the resultingmixture, 300 parts
of tert-butylmethyl ether was added by si_:irring, and the
precipitatedmatterswerecollectedbyfiltration. Thefilter
cake thus obtained ﬁas dissolved in 500 parts of ethyl actate,
and, then, concentrated to 420 parts. Thereto, 50 parts of

tert-butylmethyl etherwas added by stirring, theprecipitated
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matters were collected by filtration, and the precipitated

matter was dried to obtain 156.22 parts of the objective

substance.

Acid Generator Synthesis Examples 2 and 3: synthesis of acid
generators B2 and B3 |
Experiments were carried out in the same manner as in
the step (2) of Acid Generator Synthesis Example 1, except
that potassium perfluorobutanesulfonate and potassium
perfluorooctanesulfonate were used in place of the po-tassilum
trifluoromethanesulfonate in the step (2) of Acid Generator
Synthesis Example 1, thereby to obtéin
3.3-dimethy1-2-oxobutyl thiacyclopentanium
perfluorobutanesulfonate and 3,3-dimethyl-2-oxobutyl
thiacyclbpentaniunlperfluorooctanesulfonate, respectively.

'H-NMR (dimethyl sulfoxide-d6, internal standard

-substance tetraméthylsilane) of 3,3-dimethyl-2-~oxobutyl

thiacyclopentanium perfluorobutanesulfonate): & (ppm)

1.15 (s, 9H); 2.13-2.23 (m, 4H); 3.33-3.38 (m, 2H);

3.47-3.54 (m, 2H); 4.85 (s, 2H).

lH~NMR (chloroformFd, internal standard substance
tetramethylsilane) of 3,3-dimethyl-2-oxobutyl

thiacyclopentanium perfluorooctanesulfonate): ¢ (ppm)

1.25 (s, 9H); 2.24-2.32 (m, 2H); 2.49-2.56 (m, 2H);

3.56-3.69 (m, 4H):; 5.05 (s. 2H).

AcidGenerator Synthesis Example 4: synthesisof acid generator
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Into a four-necked flask, were charged 2.3 parts of
3.3-dimethy1-2-oxobutyl thiacyclopentanium bromide and 92
parts of acetonitrile, to which a solution.obtained by
dissolving 2.4 parts of silver p-toluenesulfonate in 7.2 parts
of acetonitrile was added dropwis'e,' follqwed by stirring at
room tempeiature for 22 hours. The precipitated silver
bromide was collected by filtration, and washed with 30 parts
of acetonitrile. Amixture of the filtrate and the wash liquid
was concentrated to 3.3 partsl. Thirty parts of acetonitrile
was added thereto, 'follo;ned by stirring at room temperature
for 2 hours, and the insoluble matters were collected by
filtration. Thefiltratewasconcentratedto2.75parts. The
concentrated residue was récrystallized from a mixed solvent
of ethyl acetate and tert-butylmethyl ether, thereby to obtain
0.68 parts of the objective substance. Thiscompoundwas found
to be 3,3-dimethyl-2-oxobutyl thiacyclopentanium

p-toluenesulfonate by 'H-NMR ( "GX-270" manufactured by Nippon

Denshi):

1H-NMR (dimethyl sulfoxide-d6, internal standard substance

tetramethylsilane): 0 (ppm)
1.12 (s, 9H); 2.05-2.29 (m, 4H); 2.29 (s, 3H); 3.32-3.56

(m, 4H); 4.89 (s, 2H); 7.12 (d, 2H); 7.48 (4,2H).
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Acid Generator Synthesis Example 5: synthesisof acidgenerator
B5

Into a four-necked flask, were charged 2.3 parts of
3,3-dimethyl-2-oxobutyl thiacyclopentanium bromide and 92
parts of acetonitrile, to which a solution obtained by
dissolving'2.9 parts of silver camphorsulfonate in 8.8 parts
of acetonitrile was added dropwise, followed by stirring at
room temperature for 18 hours. The precipitated silver
bromide was collected by £iltration, and washed with 30 parts
of acetonitrile. Amixture of the filtrate and the wash liquid
was concenti:ated to 3.2 parts. Ten parts of acetonitrilé was
added thereto, followed by stirring at room temperature for
2hours,andtheinsolublematterswerecollectedbyfiltration.
The filtrate was concentratedto2.92parts. The concentrated
residue was recrystallized from a-mixéd solvent of ethyl
acetate and terf-butylmethy; ether, thereby to obtain 2.46
parts of the objective substance. This compound was found
to be 3,3-dimethyl-2-oxobutyl thiacyclopentanium

bamphorsulfonate by H-NMR ("GX-270" manufactured by Nippon

Denshi):

lH-NMR (dimethyl sulfoxide-d6, internal standard substance

tetramethylsilane): 6 (ppm)
0.74 (s, 3H); 1.05 (s, 3H); 1.15 (s, 9H); 1.20-1.39 (m,
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2H); 1.76-1.95 (m, 3H); 2.10-2.28 (m, 5H); 2.36 (d, 1H):

2.66-2.74 (m, 1H); 2.86 (d, 1H);3.33-3.58 (m, 4H): 4.90 (s, 2H).

Resin Synthesis Example 1 (Resin Al)
2-ethyl-2-adamantyl methacrylate,
3-hydroxy-l-adamantyl methacrylate and a—methécryloyloxy—
Y -butyrolactone were charged at a molar ratio of 5:2.5:2.5 .
(20.0 parts: 9.5 parts: 7.3 parts). Thereto, methylisobutyl
ketone, the amount thereof being two timeé by weight based
on the whole monomers, was added to.forﬂta monomer solution.
Then, was added azobisisobutyronitrile as an initiator in an
amount of 2 mol% based on the whole monomer. Then, the mixture
was heated at 80T for about 8 hours. After cooling the
reaction mass, it was poured into a large amount of heptane
to cause precipitation. This precipitation operation was
repeated three times to purify' the resin. A copolymer having

amolecular weight of about 9,200 was obtained. This is called

Resin Al.

Resin Synthesis Example 2 (Resin A2)
2-ethyl-2-adamantyl methacrylate,
3-hydroxy-l-adamantyl acrylate, norbornene and maleic
anhydride were charged at amolar ratioof 2:2:3:3 (10.0 parts:
9.0 parts: 5.7 parts: 5.9 parts). Thereto, methylisobutyl
ketone, the amount thereof being twb times by weight based
on the whole monomers, was added to form a monomer solution,

and the resulting mixture was heated up to 80C under nitrogen

atomosphere. Then, was added azobisisobutyronitrile as an
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initiator in an amount of 3 mol% based on the whole monomer.
Under nitrogen atmosphere, and the resultingmixture was heated
at 80T for about 15 hours. Thereafter, the reaction mass was
poured into a large amount of methanol to cause precipitation.
This precipitationoperationwas repeatedthree times topurify
the resin. A copolymer having a molecular weight of about
12160 and a molecular weight dispersion of 1.90 was

obtained(17.1 parts). This is called Resin A2.

Resin Synthesis Example 3 (Resin A3)
2~ethyl-2-adamantyl methacrylate,
5-methacryloyloxy-2,6-norbornanelactone and @
-methacryloyloxj-’r-butyrolactOne were charged at é molar
ratio of 2:1:1 (11.1 g:5.0 g:3.8 g), and 50 g of 1.4-dioxane .
was added to this to .give a solution. Thereto was added 0.30
g of azobisisobutyronitrile as an initiator, then, the mixture
was heated up to 85T and stirred for 5 hours. Then, the
reaction mass was poured into a large amount of n-heptane to
cause precipitation. This precipitation operation was
repeated three times to purify the résin, obtaining a copolymer
having a moiecular weight of about 9100 and a mol'ecular weight

dispersion of 1.72. This is called Resin A3.

Resin Synthesis Example 4 (Resin A4)

Into a four-necked flask, were charged 10.5 g (42 mmol)
of acrylicacid 1-(1l-adamantyl)-1-methylethyl, 9.4 g (42mmol)
of acrjrlic acid 3-hydroxy-l-adamantyl, 6.0 g (63 mmol) of

2-norbornene, and 6.2 g (63 mmol) of maleic acid anhydride,
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and the mixturewas dissolved in 64.2 gofmethylisobutyl ketone.
Nitrogen waé blown therein for bubbling for 30 minutes, and
then the temp'erature was raisedup to 80 C. 1Into the solution,
was added dropwise a solution obtained by dissolving 1.0 g
(6.3 mmol) of 2,2'-azobis(isobuty‘*fonitrile) in 16.0 g of
methyl’isobutyi ketone, and the temperature was kept at 80 C
for 15 hours. The fesulting reaction mass was cooled, and
charged in 1134 g of methanol. As a result, a white crystal
was precipitated, and the crystal was collected by filtration.
The crystal was washed with methanol, and dried under reduced
pressure at 30 C for 15 hours. The crystal -of copolymer of
acrylic acid 1-adaméntyl-l-methylethyl, acrylic acid
3-hydroxy-1-adamantyl, 2-norbornene, and maleic acid
anhydride thus obtained was present in an amount of 16.4 g,
ain_i had a molecular weight of 6900 in terms of polystyrene.

This is referred to as resin A4.

Resin Syﬁthesis Example 5 (Res‘in A5)

(1) Into a flask, were charged 16.4 g (0.07 mol) of methacrylic
acid-2-methyl-2-adamantyl, 45.4 g (0.28 mol) of
p-acetoxystyrene, and 123.6 g of isopropanol. After nitrogen

replacement, the temperature was raised up to 75 C. 1Into the

solution, was added dropwise a solution obtained by dissolving
4.84g(0.021 mol) of dimethyl 2,2-azobis(2-methylpropionate)
in 9.7 g of isopropanol. Thé solution was aged at 75 C for
about 0.5 hour, and under reflux for about 11 hours, and then
diluted with acetone. The resulting solution was charged in

heptane to effect crystallization, and the crystal was
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collectedby filtration. Thecrystalobtainedwasdried. The
crystal of copolymer of methacrylicacid-2-methyl-2-adamantyl
and p-acetoxystyrene obtained was present in an amount of 54.2
g.

(2) Into a £flask, were charged 53.0 g (0.30 mol in terms
of monomer unit) of the copolfmer of methacrylic
acid-2-methyl-2-adamantyl and p-acetoxystyrene (20 : 80)
obtained above, 5.3 g (0.043 mol) of 4-dimethylaminopyridine,
and 159.0 g of methanol, followed by aging under reflux for
20 hours. After cooling, the mixture was neutralized with
3.13 g {(0.052 mol) of a glacial acetic acid, and the mixture-
was charged ifx water to effect crystallization. Then, the
crystal was collected by filtration. Thereafter, the crystal
was dissolved in acetone, and the solution was charged in water
to effect crystall‘izat_ion. 'Then, the crystal was collected
by filtration. A series of the operations were repeated three
times, and then the crystal obtained was dried. The crystal
of the copolymer of methacrylicacid-2-methyl-2-adamantyl and
p-hydroxystyrene obtained was present in an amount of 37.8
g. It had a 'weight-average molecular weight of about 7900,
and amolecular weight dispersionof 1.72 (GPCmethod: in terms
of polystyrene). The copolymerization ratio was determined

to be about 20 : 80 by a nuclear magnetic resonance (13c-NMR)

spectrometer. This resin is referred to as resin AS.

Resin A6: 4-hydroxystyrene / styrene / acrylic acid t-butyl
(60/20/20) copolymer, weight-average molecular weight: 11000
(TSM4, manufactured by Maruzen 0il, Co., Ltd.)
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Resist compositions were prepared using the acid

generators Bl to B3, Cl and €2, and evaluations of the resist

compositions were conducted.

Acid generators
Acid generator Bl : 3,3-dimethyl-2-oxobutyl
thiacyclopentanium trifluoromethane sulfonate,
Acid generator B2 . : 3,3-dimethyl-2-oxobutyl
10 thiacyclopentanium perfluorobutane sulfonate
Acid generator B3 : 3,3-dimethyl-2-oxobutyl
thiacyclopentanium perfluorooctane sulfonate
Acid génerator 34 : 3,3-dimethyl-2-oxobutyl
- thiacyclopentanium p-toluene sulfonate
15 Acid generator BS5 : 3,3;dimethyl-2-oxobutyl
thiacyélopentanium campho; sulfonate
Acid generator Cl : 4-methylphenyldiphenylsulfonium
perfluorooctanesulfonate, ‘
Acid generator C2 : di(4-tert-butylphenyl) ipdonium

20 camphor sulfonate.

Examples 1-6 and Comparative Examples 1-4
Resin shown in Table 1, acid generators shown in Table
1 and the components listed below were mixed and dissolved.
25 The resultant solution was filtered through a fluorine resin
filterhavingaporediameterof 0.2 umtogivearesist solution.
Resin (Kind thereof is shown in Table 1)

10 parts
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Acid generator

(Amount and kind thereof are shown in Table 1):
Quencher : 2,6-diisopropylaniline

(Amount thereof is listed in Table 1):
Solvent: propyleneglycol monomethylether acetate

57 parts

7 -butyrolactone 3 parts

A silicon wafer was coated with a composition "DUV-30J"
(manufactured by Brewer Co. Ltd.) and baked under conditions
of 215°C for 60 seconds so that anorganicreflection-preventing
membrane having a thickness of 1,600 angstrom was formed on
the wafer. On the silicon wafer thus prepared, the resist
solutioh obtained above was applied by spin-coator so that

the £ilm thickness after drying was 0.335 um. After applying

the resist solution, the wafer was pre-baked on a direct

hotplate at a temperature shown in Table 1, column "PB", for

60 seconds.

The wafer having a resist film formed thereon was
irradiatedwith an ArF eximer steppexr [ "NSR-ArF", manufactured
by Nikon, NA=0.55, 0 =0. 6] through a 1ine-and-space pattern,
changing the exposure amount stepwise. The exposéd wafer was
subjected to post-exposure baking (PEB) on a hot plate at a
temperature shown in Taﬁle 1, column "PEB", for 60 seconds.
Then the wafer was subjected to paddle development with 2.38%
by weight agqueous tetramethyl ammonium hydroxide solution for

60 seconds.

The developed pattern formed on a substrate was observed
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by a scanning electron microscope and assessed for the

effective sensitivity and the resolution by the following

methods:

Effective sensitivity: This is expres'sed in the minimum
amount of exposure which gave 1 : 1 line-and-space pattern
of 0.18 um.

Resolution : This is expressed in the minimum size which
gave line-and-space pattern spitted at the exposure amount
of the effective sensitivity,

Line edge roughness (Smoothness of pattern wall) : Wall
of the spitted line pattern was observed by a scanning electron

microscope.

O : The smoothness of the wall is better than those
in Comparative examples. |

X : The smoothness of the wall is almost same as those

1n Comparative examples.

Percent transmission : Onaquartz glasswafer, theresist
solution obtained above was applied so that the £ilm thickness

after prebaking was 0.335 um. Then, the wafer was pre-baked

according to the same conditions as above to form a resist

~film. Percent transmission of the resist film at 193 nm was

. measured by a spectrophotometer. The results are shown in

Table 2.

Table 1
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No. Resin | Acid generator Qu'e.ncher PB |IPEB
(part) (part) | (C) | (T)
Bl (0.5})}+
Example 1 Al C1 (0.2) 0.015 110 | 115
: B2 (0.5)+
Example 2 Al c1 (0.2) 0.015 110 115
B3 (0.5)+
Example 3 Al c1 .(0.2) 0.015 110 125
' B3 (0.5)+
Example 4 A2 c1 (0.2) 0.015 110 125
- B3 (0.5)+
Example 5 A3 c1 (0.2) 0.015 100 125
Bl (0.25)+
Example 6 A4 ci (0.2) 0.008 110 125
Comparativ | ., c1 (0.2) 0.015 | 110 | 125
e Example 1 _
Comparativ | ,, c1 (0.2) 0.015 | 110 | 125
e Example 2 .
Comparativ | :
e Example 3 A3 Cl (0.2) 0.015 100 125
| Comparativ |, cl (0.2) 0.015 | 100 | 125
e Example 4 _
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Table 2

No. Effective Resolution Percent Line edge
sensitivity pm trasmissio | roughness
mJ /cm? n
Example 1 48 0.16 68 O
O
Example 2 57 0.15 68
O
Example 3 41 0.16 67
O
Example 4 41 0.16 67
. : O
.Example 5 .70 0.16 68
Example 6 29 0.16 65 C)
Comparative '
Example 1 53 : 0.15 64 -
Comparative .
Example 2 76 0.16 64 -
Comparative .
Example 3 . 88 0.16 65 -
Comparative
Example 4 44 0.16 67 -

As shown in Table 2, the resist compositions of Examples
are better in line edge roughness (smoothness of pattern wall)
than those of Comparative example. They impart good

sensitivity and resolution without lowering Percent

trasmission.

Examples 7-~12 and Comparative Examples 5 and 6

Resin shown in Table 3, acid generators shown in Table
3 and the components listed below were mixed and dissolved.

The resultant solution was filtered through a fluorine resin
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filter having a pore diameter of 0.2 um to give a resist
solution. |
Resin (Kind thereof is shown in Table 3)
13.5 parts
Acid generator
(Amount and kind thereof are shown in Table 3):
Quencher : triisopropanolamine 0.07 part

Solvent: ethyllactate 60 parts

A'sil.icon wafer was coated with a composition "DUV-36J"
(manufactured‘by;Brewer'Co. Ltd.) and baked under conditions
of215°Cfor60secondssoﬁﬁatanorganicreflection-preventing
membrane having a thickness shown in Table 3 was formed on
the wafer. On the silicon wafer thus preparéd, the resist
solution obtained above was applied by spin-coatof sSo thai
the £ilm thickness after dArying was 0.49 um. After applying
the resist solution, the wafer wés pre-baked on a direct
hotplate at a temperature shown in Tab;e 3, column “PB", for

60 seconds.

The wafer having a resist film fofmed thereon was
irradiated with an KrF eximer stepper {“NSR-ZZOSEXIZB“,
manufactured by Nikon, NA = 0.55, 2/3 annular illumination]
throughaline-and-space pattern, changing the exposure amount
stepwisg. The exposed wafer was subjected to post-exposure
baking (PEB) on a hot plate at a temperature shown in Table
3, column "PEB”", for 60 seconds. Then the wafer was subjected
topaddledevelopmentwith2.38%byweightaqueoustetraﬁethyl

ammonium hydroxide solution for 60 seconds.
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The developed pattern formed on a substrate was observed
by a scanning electron microscope and assessed for the

effective sensitivity and the resolution by the following

methods:

Effective sensitivity: This is expressed in the minimum

amount of exposure which gave 1 : 1 line-and-space pattern

of 0.20 pm.

Resolution : This is expressed in the minimum size which
gave line-and-space pattern spitted at the exposure amount
of the effective sensitivity.

Line edge roughness (Smoothness of pattern wall) : Wall
of the spitted line pattern was observed by a scanning electron
microscope.

QO : The smoothness of 'f:he wall is better than those
in Comparative examples.

X : The smoothness of the wall is almost same as those

in Comparative examples.

Percent transmission : Onaquartz glasswafer, theresist
solution obtained above was applied so that the film t_hickness

after prebaking was 0.49 um. Then, the wafer was pre-baked
according to the same conditions as above to form a resist

film. Percent transmission of the resist film at 248 nm was

measured by a spectrophotometer.

The results are shown in Table 4.

Table 3
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N L Resi Acid generator| PB | PEB
o. .A esin (part_)_ (C) (C)
B2 (0.35)+
Example 7 1600 A5 c2 (0.7) 120 140
' Bl (0.35)+
Example 8 1600 A6 c2 (0.35) _130 140
' B2 (0.35)+
Example 9 1600 A6 ¢z (0.35) 130 140
‘B3 (0.35)+ '
Example 10 1600 A6 €2 (0.35) 130 140
B4 (0.35)+
Example_ll 600 A6 c2 (0.35) 130 140
B5 (0.35)+ )
Example 12 600 A6 c2 (0.35) 130 140
Comparativ .
e Example 5 1600 A5 C2 (0.7) 120 140
Comparativ | ¢4 A6 c2 (0.35}) 130 | 140
e Example 6 _

Thickness of reflection-preventing membrane

*E
Table 4
No. Effective Resolution Percent Line edge
sensitivity um trasmissio | roughness
mJ /cm? n
Example 7 50 0.16 72 ®)
Example 8 78 0.16 76 O
Example 9 82 0.16 76 O
Example 10 90 0.16 76 O
Example 11 82 0.16 75 O
Example 12 96 0.16 75 O
Comparative
Example 5 48 0.16 72 -
Comparative
Example 6 120 0.19 77 -
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As shown in Table 4, the fesist compositions of Examples
are better in line edge roughness (smoothness of pattern wall)
than those of Comparative example. They impart good
sensitivity and resolution without lowering Percent
trasmission.

The chemical amplifying type positive resist
composition of the present invention provides aresist pattern
having an exceedingly improved 1ine'edge roughness, and it
is also excellent in various resist performances such as dry
etching resistance, sensitivity, and resolution. Therefore,
this composition is suitable for lithography using a KrF
excimer laser, or an ArF excimer laser, whereby a

high-performance resist pattern can be provided.
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What is claimed is:

1. A chemical amplifying type positive resist
composition which comprises: '

(A) an acid'generator containing (a) a sulfonium salt

represented by the following formula (I):

1
Q\S‘* Q e
Qza —?H_C'—Q Q 303 (I)
CF

wherein Q! and Q2 each independently represent a straight chain
or branched élkyl group having from 1 to 6 carbon atoms or
a cycloalkyl group having from 3 to 10 carbon atoms, or Q!
and 0® form, together with a sulfur atom to which Q! and Q2
are adjacent, an'heteroalicyclic group which may further
contain an oxygen atom and a sulfur atom; Q* represents a
hydrogen atom, Q* represents a straight chain or branched alkyl
group having from 1 to 6 carbon atoms or a cYcloalkyl group
having from 3 to 10 carbon atoms, or Q° and 04 form, together
with a CHC(QO) group to which @® and Q4 are adjacent, a
2-oxocycloalkyl group; and 0°S0;” represents an
organosulfonate ion, provided that when Q° represents a
perfluorocalkyl group having from 1 to 8 carbon atoms, there
is exéluded the case where erepresents a straight chain or
branched alkyl group having from 1 to 6 carbon atoms, Q2
represents a straight chain or branched alkyl group having
from_l to 6 carbon atoms, or a cycloalkyl group having from

3 to 10 carbon atoms, and Q3 and Q4 represent, together with

* C L m s *
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their adjacent CHC(O) group, a 2-oxocycloalkyl group, and
(b) at least one oriium salt selected from & triphenylsulfonium
salt representéd by the following formula (ITa), and a
diphényliodonium salt represented by the following formula

(IIb):

p! P

p3 P
(Ia) (IIb)

wherein P! to P° each independently represent hydrogen, a
hydroxyl group, an alkyl group having from 1 to 6 carbon atoms,
or an alkoxy group having from 1 to 6 carbon atoms; and P®S0O;”
and P’S0;” each independently represent an organosulfonate ion;
and |

(B) a resin which has a pblymerization unit having a group
instable against an acid, and is alkali-insoluble or -slightly
soluble itself, but is converted to alkali-soluble by the
action of an acid. .

2.- The chemical amplifying type positive resist
composition according‘to claim 1 wherein Q' and Q? form, together
with a sulfur atom to which 0! and Q* are adjacent, an
heteroalicyclic group.

3. The chemical amplifying type positive resist

* C L M S *
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composition according to claim 1 wherein Q°, P°® and P’ each
independently are a perfluoroalkyl group having from 1 to 8
carbon atoms, an alkyl group having from 1 t.o 8 carbon atoms,
an aromatic group having from 6 to 12 carbon atoms or a camphor
group.

4, The chemical amplifying type positive resist
composition according to claim 1 wherein the amounts ratio
of the sulfonium salt represehted by the formula (I) to the
onium salt selected from the triphenylsulfonium salt
represented by the formulé (ITa) and diphenyliodonium salt
represented by the formula (IIb) is in the range of about 9:1
to 1:9 by weight. .

5. The chemicél amplifying type positive resist
composition according to claIJ;.m 1 wherein (B)the resin contains
the polymeriiation unit haviﬁg a group instable against an
acid.in an amount in the range of from 10 to 80 mol%.

6. The chemical amplifying type positive resist
composition according to claim 1 wherein the polymerization
unit havihg a group instable ﬁgainst an acid is polymerization

unit of (meth)acrylic acid 2-alkyl-2-adamantyl or

'(meth)acrylic'acid l1-adamantyl-1l-alkyylalkyl.

7. The chemical amplifying type positive resist

composition accordihg to claim 1 wherein (B)the resin further
contains at least one polymerization units selected from a
polymérization unit of p-hydroxystyrene; a,poiymerization

unit of m-hydroxystyrene; a polymerization unit of

‘(meth)acrylic acid 3-hydroxy-1l-adamantyl; a polymerization

unit of (meth)acrylic acid 3,5-hydroxy-1l-adamantyl; a
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polymerization unit of (meth)acryloyloxy-7 -butyrolactone in

which the lactone ring may be substituted by alkyl;

.leymerization units of alicyclic lactones each represented

by the following formulae (IIIa) and (IIIb):

AN A M

CHo-C CH,-C

c-0. C=0

¢ :
: N (RZ)n | ~ (H2 )
- 0

o O 0
(llla) | (1llb)

wherein R! and R? each independently represent hydrogen or
mefhyl, and n represents a number of from 1 to 3.

8. The chemical amplifying type positive resist
composition according to claim 7 wherein (B)the resin further
containé a polymerization unit of 2-norbornene and a
polymeriz.ation unit of an aliphatic unsaturated dicarbox'ylic.
acid anhydrides.

9. " The chemical amplifying type positive resist
composition according to claim 1 which further comprises an
amine ‘as quencher.

10. A sulfonium salt rep:esented by the following

formula (Ia):

\\
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1
Q\S+ O 4 ~6 -
2 SoH-C-a* o’sos (1a)
Q? |

wherein Q° represents a perfluoroalkyl group having from 1
to 8 carbon atohts, an alkyl group having from 1 to 8 carbon
atoms, an aromatic group having from 6 to 12 carbon atoms ox
a camphor group: when Q°® represents a perfluorocalkyl group
having from 1 to 8 carbon atoms, Q! and Q% each independently
represent a straight chain or brapched alkyl group having from
1 to 6 carbon at.oms or a cycloalkyl group having from 3 to
10 carbon atoms, or Q' and Q?> form, together with a sulfur
atom to which O and Q? are adjacent, an heterocalicyclic group
which may further contain an oxygen atom and a sulfur atom,
Q? represents a hydrogen atom, 0*.represents é straight chain
or branched alkyl group having from 1 to 6 carbon atoms or
a cycloalkyl group having from 3 to 10 carbon atoms; when Qf
represents an alkyl group having from 1 to 8 carbon atom.é,
an aromatic group having from 6 to 12 carbon atoms or a camphor
group, Q' and Q? each independently represent a straight chain
or branched alkyl group having from 1 to 6 carbon atoms or
a cycloalkyl group having from 3 to 10 carbon atoms, or o?!
and Q® form, together with a sulfur atom to which Q! and Q?
are adjacent, an heteroalicyclic group which'may further

contain an oxygeh atom and a sulfur atom, Q® represents a

hydrogen atom, and Q* represents a straight chain or branched
alkyl group haviﬁg from 1 to 6 carbon atoms or a cycloalkyl

group having from 3 to 10 carbon atoms, or Q° and Q4 form,

A
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together with their adjacent CHC(O) group, a 2-oxocycloalkyl

group.

.*CLMS*I
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