
DESCRIPTION PATTERN FORMING METHOD, AND RESIST COMPOSITION, DEVELOPER AND
RINSING SOLUTION USED IN THE PATTERN FORMING METHOD TECHNICAL FIELD         The
present invention relates to a pattern forming method for use in the process of producing a
semiconductor such as IC, in the production of a circuit board for liquid crystal, thermal head and the
like, and in the lithography process of other photo-applications; a resist composition for use in the
pattern forming method; a developer for negative tone development used in the pattern forming
method; and a rinsing solution for negative tone development used in the pattern forming method.
More specifically, the present invention relates to a pattern forming method suitable for exposure with
an ArF exposure apparatus using a light source that emits far ultraviolet light at a wavelength of 300
nm or less or with an immersion-type projection exposure apparatus; a resist composition for use in
the pattern forming method; a developer for negative tone development used in the pattern forming
method; and a rinsing solution for negative tone development used in the pattern forming method.
BACKGROUND ART         Since the advent of a resist for KrF excimer laser (248 nm), an image
forming method called chemical amplification is used as an image forming method for a resist so as to
compensate for sensitivity reduction caused by light absorption. For example, the image forming
method by positive tone chemical amplification is an image forming method of decomposing an acid
generator in the exposed area upon exposure to produce an acid, converting an alkali-insoluble group
into an alkali-soluble group by using the generated acid as a reaction catalyst in the baking after
exposure (PEB: Post Exposure Bake), and removing the exposed area by alkali development.
Along with miniaturization of a semiconductor device, there is becoming shorter the wavelength of the
exposure light source and higher the numerical aperture (higher NA) of the projection lens, and an
exposure machine using an ArF excimer laser having a wavelength of 193 nm as a light source has
been so far developed. As commonly well known, these features can be expressed by the following
formulae: (Resolution) = kle(VNA) (Depth of focus) = k2A/NIA2 wherein 2t. is the wavelength of the
exposure light source, NA is the numerical aperture of the  projection lens, and ki and k2 are
coefficients related to the process.         A so-called immersion method of filling a high refractive-index
liquid (hereinafter sometimes referred to as an "immersion liquid") between the projection lens and the
sample has been conventionally advocated as a technique for raising the resolution.     As for the
"effect of immersion", assuming that NA0=sin0, the above-described resolution and depth of focus in
the immersion can be expressed by the following formulae: (Resolution) = 0(4/n)/NA0 (Depth of focus)
= -k20(4/n)/NA02 wherein A. is the wavelength of exposure light in air, n is the refractive index of the
immersion liquid based on air, and 0 is the convergence half-angle of beam. 



That is, the effect of immersion is equal to use of an exposure wavelength of 1/n. In other words, in the
case of a projection optical system with the same NA, the depth of focus can be made n times larger
by the immersion. This is effective for all pattern profiles and can be combined with the
super-resolution technology under study at present, such as phase-shift method and modified
illumination method.         A double exposure technology or a double patterning technology is being
advocated as a technique for more enhancing the resolution. This is to make small lc, in the
above-described formula of resolution and is positioned as a resolution-increasing technology.         In
conventional pattern formation of an electronic device such as semiconductor device, a mask or reticle
pattern in a size of 4 to 5 times larger than the pattern intended to form is reduced and transferred on
an exposure target such as wafer by using a reduction projection exposure apparatus.         However,
the dimensional miniaturization brings about a problem that in the conventional exposure system,
lights irradiated on adjacent patterns interfere with each other to decrease the optical contrast.
Therefore, in such technology, it is devised to divide the exposure mask design into two or more
designs and synthesize an image by independently exposing these masks. In this double exposure
system where the exposure mask design is divided, the image of the design must be again
synthesized on an exposure target (wafer) and therefore, the division of the mask design must be
devised so that the pattern on the reticle can be faithfully reproduced on the exposure target.
Studies of applying the effect of these double exposure systems to the transfer of a fine image pattern
of a semiconductor device are introduced, for example, in Patent Document 1 (JP-A-2006-156422 (the
term "JP-A" as used herein means an "unexamined published Japanese patent application")).
Also, the recent progress of double exposure technology is reported, for example, in Non-Patent
Document 1 (SPIE Proc 5754, 1508 (2005)), Non-Patent Document 2 (SHE Proc  5377, 1315 (2004)),
and Non-Patent Document 3 (SPIE Proc 61531K-1 (2006)).         However, in these double exposure
systems, the pattern formation needs to be performed in the vicinity of resolution limit of the resist and
this incurs a problem that sufficient exposure margin or depth of focus cannot be obtained.         In
other words, if a pattern forming process described, for example, in Patent Document 2
(JP-A-2001-109154) where a resist composition containing a resin capable of increasing the polarity
upon exposure is coated on a substrate and the resist film is exposed and developed to dissolve the
exposed area with an alkali developer, or a pattern forming process described, for example, in Patent
Document 3 (JP-A-2003-76019) where a resist composition containing a resin capable of increasing
the molecular weight upon exposure is coated on a substrate and the resist film is exposed and
developed to dissolve the unexposed area with an alkali developer, is applied to a double exposure
process, a sufficiently high resolving performance cannot be obtained.         With respect to the
developer for g-line, i-line, KrF, ArF, EB or EUV lithography, an aqueous alkali developer of 2.38
mass% TMAH (tetramethylammonium hydroxide) is being used at present as a general-purpose
developer.         Other than the above-described developer, for example, Patent Document 4
(JP-A2001-215731) describes a developer for developing a resist material containing a copolymer of a
styrene-based monomer and an acryl-based monomer and dissolving the exposed portion, where the
developer contains an aliphatic linear ether-based solvent or aromatic ether-based solvent and a
ketone-based solvent having a carbon number of 5 or more; Patent Document 5 (JP-A-2006-227174)
describes a developer for developing a resist material capable of decreasing the molecular weight as a
result of breakage of the polymer chain upon irradiation with radiation, thereby dissolving the exposed
portion, where the developer has at least two or more acetic acid groups, ketone groups, ether groups
or phenyl groups and has a molecular weight of 150 or more; and Patent Document 6 (JP-A-6-194847)
describes a developer for developing a resist material mainly composed of a photosensitive
polyhydroxy ether resin obtained by the reaction of a polyhydroxy ether resin with a diglycidyl
(meth)acrylate, where the developer is an aromatic compound having a carbon number of 6 to 12 or a
mixed solvent containing 50 mass% or more of an aromatic compound having a carbon number of 6 to
12.         However, these combinations of the resist composition and the developer mentioned above
merely provide a system of forming a pattern by combining a specific resist composition with a
high-polarity alkali developer or a developer containing a low-polarity organic solvent.         That is, as
shown in Fig. 1, in the case of a positive tone system (a combination of a resist composition and a
positive tone developer), a material system of performing the pattern  formation by selectively
dissolving and removing a region having strong light irradiation intensity out of an optical aerial image
(light intensity distribution) is merely provided. On the other hand, as for the combination of a negative
tone system (a resist composition and a negative tone developer), a material system of performing the
pattern formation by selectively dissolving and removing a region having a weak light irradiation
intensity is merely provided.         The term "positive tone developer" as used herein indicates a
developer that selectively dissolves and removes the exposed area not lower than a predetermined
threshold value shown by a solid line in Fig. 1, and the "negative tone developer" indicates a developer
that selectively dissolves and removes the exposed area not higher than the predetermined threshold
value. A development step using a positive tone developer is called a positive tone development
(sometimes referred to as a positive tone development step), and a development step using a negative
tone developer is called a negative tone development (sometimes referred to as a negative tone
development step). 



Patent Document 7 (JP-A-2000-199953) describes a double development technology as the double
patterning technology for improving the resolution. In this case, an image forming method by chemical
amplification in general is utilized, and by making use of a property that the polarity of a resin in a
resist composition when exposed becomes a high polarity in a region irradiated with a high light
intensity and becomes a low polarity in a region irradiated with a low light intensity, positive tone
development is performed by dissolving a high exposure region of the resist film with a high-polarity
developer, while negative tone development is performed by dissolving a low exposure region with a
low-polarity developer. More specifically, the region not lower than an exposure dose of E2 in Fig. 2 is
dissolved using an aqueous alkali solution as the positive tone developer, the region not higher than
an exposure dose of El is dissolved using a specific organic solvent as the negative tone developer,
and, as shown in Fig. 2, the region with a medium exposure dose (E2 to El) is allowed to remain
without being developed, whereby an L/S pattern 3 with a pitch half the pitch of the exposure mask 2
pattern is formed on a wafer 4.  Patent Document 1: Patent Document 2: Patent Document 3: Patent
Document 4: Patent Document 5: Patent Document 6: Patent Document 7: Non-Patent Document 1:
Non-Patent Document 2:  JP-A-2006-156422 JP-A-2001-109154 JP-A-2003 -76019
JP-A-2001-215731 JP-A-2006-227174 JP-A-6-194847 JP-A-2000-199953 SPIE Proc 5754, 1508
(2005) SPIE Proc 5377, 1315 (2004)  Non-Patent Document 3: SHE Proc 61531k-1 (2006)
DISCLOSURE OF THE INVENTION PROBLEMS THAT THE INVENTION IS TO SOLVE        In the
conventional double development technology, a tert-butyl group is employed as an acid-decomposable
pup in the resin contained in the resist composition and therefore, the resin is insufficient to bring out a
polarity change large enough to cause a difference in the dissolution c cteristics by a chemical
amplification reaction associated with the exposure.        Furthermore, since a resin having a styrene
skeleton is used as the resin in the resist composition, the polarity in the low exposure region of the
resist film becomes high and this causes a problem that the development rate at the development
using a negative tone developer is low and the developability when using a negative tone developer is
bad.        An object of the present invention is to solve these problems and provide a pattern forming
method for stably forming a high-precision fine pattern particularly by reducing the line edge roughness
and raising the dimensional uniformity of the pattern so as to produce a highly integrated electronic
device with high precision. SUMMARY       In a first aspect, there is provided a pattern forming
method, comprising: forming a resist film by applying a resist composition whose solubility in a
negative tone developer containing an organic solvent decreases upon irradiation with an actinic ray or
radiation and which contains a resin having: an alicyclic hydrocarbon structure; and a dispersity of less
than or equal to 1.7, or a weight average molecular weight of less than or equal to 6,000, and being
capable of increasing a polarity by an action of an acid; exposing the resist film; and developing the
resist film after the exposing with the negative tone developer. MEANS FOR SOLVING THE
PROBLEMS 



The present invention has the following constructions, and the object of the present invention can be
attained by these constructions. (1) A pattern forming method, comprising:        (i) a step of applying a
resist composition whose solubility in a positive tone developer increases and solubility in a negative
tone developer decreases upon irradiation with an actinic ray or radiation and which contains a resin
having an alicyclic hydrocarbon structure and a dispersity of 1.7 or less and being capable of
increasing a polarity of the resin by an action of an acid;        (ii) an exposure step; and (iv) a
development step using a negative tone developer.  (2) A pattern forming method, comprising:        (i)
a step of applying a resist composition whose solubility in a positive tone developer increases and
solubility in a negative tone developer decreases upon irradiation with an actinic ray oration and which
contains a resin having an alicyclic hydrocarbon structure and a weight average molecular, weight of
6,000 or less and being capable of increasing a polarity of the resin by an action of an acid;        (ii) an
exposure step; and (iv) a development step using a negative tone developer.  (3) A pattern forming
method, comprising:         (i) a step of applying a resist composition whose solubility in a positive tone
developer increases and solubility in a negative tone developer decreases upon irradiation with an
actinic ray or radiation and which contains a resin having an alicyclic hydrocarbon structure, a
dispersity of 1,7 or less and a weight average molecular weight of 6,000 or less and being capable of
increasing a polarity of the resin by an action of an acid;         (ii) an exposure step; and (iv) a
development step using a negative tone developer.         (4) The pattern forming method according to
any one of (1) to (3) above, wherein (iv) the development step using a negative tone developer is a
step performed using a developer containing at least one kind of a solvent selected from organic
solvents and having a vapor pressure of 5 kPa or less at 20C. 



(5) The pattern forming method as described in any one of (1) to (4) above, which further comprises:
(vi) a washing step using a rinsing solution containing an organic solvent.         (6) The pattern forming
method as described in (5) above, wherein the rinsing solution containing an organic solvent is a
rinsing solution having a vapor pressure of 0.1 kPa or more at 20C.         (7) The pattern forming
method as described in any one of (1) to (6), which further comprises:         (iii) a development step
using a positive tone developer. (8) A resist composition for negative tone development. comprising:
(al) a resin having an alicyclic hydrocarbon structure and a dispersity of 1.7 or less and being capable
of increasing a polarity of the resin by an action of an acid; (B) a photo-acid generator; and (C) a
solvent. (9) A resist composition for negative tone development, comprising:         (a2) a resin having
an alicyclic hydrocarbon structure and a weight average molecular weight of 6,000 or less and being
capable of increasing a polarity of the resin by an action of an acid; (B) a photo-acid generator; and (C)
a solvent. (10) A resist composition for negative tone development, comprising:         (a3) a resin
having an alicyclic hydrocarbon structure, a dispersity of 1.7 or less and a weight average molecular
weight of 6.000 or less and being capable of increasing a polarity of the resin by an action of an acid;
(B) a photo-acid generator: and 



(C) a solvent. (11) A resist composition for multiple development. comprising:         (al) a resin having
an alicyclic hydrocarbon structure and a dispersity of 1.7 or less and being capable of increasing a
polarity of the resin by an action of an acid: (B) a photo-acid generator: and (C) a solvent. (12) A resist
composition for multiple development, comprising:         (a2) a resin having an alicyclic hydrocarbon
structure and a weight average molecular weight of 6,000 or less and being capable of increasing a
polarity of the resin by an action of an acid; (B) a photo-acid generator; and (C) a solvent. (13) A resist
composition for multiple development, comprising:         (a3) a resin having an alicyclic hydrocarbon
structure, a dispersity of 1.7 or less and a weight average molecular weight of 6,000 or less and being
capable of increasing a polarity of the resin by an action of an acid; (B) a photo-acid generator; and (C)
a solvent.         (14) A developer for negative tone development, which is used in the resist
composition described in any one of (8) to (13) above, the developer comprising an organic solvent
and having a vapor pressure of 5 kPa or less at 20C.         (15) A rinsing solution for negative tone
development, which is used in the pattern forming method described in any one of (8) to (13) above,
the rinsing solution comprising an organic solvent and having a vapor pressure of 0.1 kPa or more at
20C. ADVANTAGE OF THE INVENTION         According to the present invention, a method of stably
fonning a high-precision fine pattern with reduced line edge roughness and high dimensional
uniformity, a resist composition for negative tone development or multiple development used in the
method, a developer for negative tone development used in the method, and a rinsing solution for
negative tone development used in the method can be provided. 



BRIEF DESCRIPTION OF THE DRAWING        Fig. 1 is a schematic view showing the relationship
among positive tone development. negative tone development and exposure dose.          Fig. 2 is a
schematic view showing the pattern forming method using positive tone development and negative
tone development in combination.         Fig. 3 is a schematic view showing the relationship among
positive tone development, negative tone development and exposure dose.         Fig. 4 is a graph
showing the relationship between exposure dose and residual film curve when a positive tone
developer or a negative tone developer is used.         Fig. 5 is a schematic view showing the
relationship among positive tone development, negative tone development and exposure dose.
Fig. 6 is a schematic view showing the relationship among positive tone development, negative tone
development and exposure dose in the method of the present invention.         Fig. 7 is a schematic
view showing the relationship among positive tone development, negative tone development and
exposure dose. Fig. 8 is a view showing the spatial intensity distribution of an optical image.         Fig.
9 is a schematic view showing the relationship among positive tone development, threshold value (a)
and light intensity. Fig. 10 is a schematic view showing the spatial intensity distribution of an optical
image.         Fig. 11 is a schematic view showing the relationship among negative tone development,
threshold value (h) and light intensity. BEST MODE FOR CARRYING OUT THE INVENTION The best
mode for carrying out the present invention is described below.         Incidentally, in the present
invention, when a group (atomic group) is denoted without specifying whether substituted or
unsubstituted, the group includes both a group having no substituent and a group having a substituent.
For example, an "alkyl group" includes not only an alkyl group having no substituent (unsubstituted
alkyl group) but also an allcyl group having a substituent (substituted alkyl group). 



First, the tern-is used in the context of the present invention are described. The pattern forming system
includes a positive tone system and a negative tone system and in either system, a change in the
solubility of a resist film in a developer due to a chemical reaction triggered by light irradiation is
utilized. A system where the light-irradiated part dissolves in a developer is called a positive tone
system, and a system where the lightunirradiated part dissolves in a developer is called a negative
tone system. The developer used here includes two types of developers, that is, a positive tone
developer and a negative tone developer. The positive tone developer is a developer that selectively
dissolves and removes the exposed area not lower than a predetermined threshold value shown in
Fig. 1.  and the negative tone developer is a developer that selectively dissolves and removes an
exposed area not higher than the above-described threshold value. A development step using a
positive tone developer is called a positive tone development (sometimes referred to as a positive tone
development step), and a development step using a negative tone developer is called a negative tone
development (sometimes referred to as a negative tone development step).         The present invention
provides, as a technique for raising the resolution, a new pattern forming method by a combination of a
developer (negative tone developer) for selectively dissolving and removing the exposed area not
higher than a predetermined threshold value (b) as shown in Fig. 3, with a resist composition for
negative tone development, which contains a resin that increases the polarity by the action of an acid
and forms a film whose solubility in a positive tone developer (preferably an alkali developer) increases
and solubility in a negative tone developer (preferably an organic developer) decreases upon
irradiation with an actinic ray or radiation.        The present invention provides, as a technique for
raising the resolution, a new pattern forming method preferably by a combination of a developer
(positive tone developer) for selectively dissolving and removing the exposed area not lower than a
predetermined threshold value (a) and a developer (negative tone developer) for selectively dissolving
and removing the exposed area not higher than a predetermined threshold value (b), with a resist
composition for multiple development, which forms a film whose solubility in a positive tone developer
(preferably an alkali developer) increases and solubility in a negative tone developer (preferably an
organic developer) decreases upon irradiation with an actinic ray or radiation.         That is, as shown
in Fig. 3, when a pattern element on an exposure mask is projected on a wafer by light irradiation, the
region having a strong light irradiation intensity (the exposed area not lower than a predetermined
threshold value (a)) is dissolved and removed using a positive tone developer and the region having a
weak light irradiation intensity (the exposed area not higher than a predetermined threshold value (b))
is dissolved and removed using a negative tone developer, whereby a pattern with resolution as high
as 2 times the frequency of the optical spatial image (light intensity distribution) can be obtained. Also,
in the method of the present invention, the design of the exposure mask need not be divided.         As
regards the resist composition for multiple development when performing those two or more
development operations at the same time, a resist composition for negative tone development may be
used as it is.         The pattern forming process necessary for practicing the present invention
comprises the following steps:          (i) a step of coating a substrate with a resist composition whose
solubility in a negative tone developer decreases upon irradiation with an actinic ray or radiation,
(ii) an exposure step, and  (iv) a step of developing the resist film with a negative tone developer. The
pattern forming method of the present invention preferably further comprises (vi) a step of washing the
resist film with a rinsing solution for negative tone development. The pattern forming method of the
present invention preferably further comprises (iii) a step of developing the resist film with a positive
tone developer.         The pattern forming method of the present invention preferably comprises (v) a
heating step after the exposure step (ii).         In the pattern forming method of the present invention,
the exposure step (ii) may be performed a plurality of times.         In the pattern forming method of the
present invention, the heating step (v) may be performed a plurality of times. 



In practicing the present invention, (a) a resist composition whose solubility in a negative tone
developer decreases upon irradiation with an actinic ray or radiation and which contains a resin having
an alicyclic hydrocarbon structure and a dispersity (molecular weight distribution, Mw/Mn) of 1.7 or
less and/or a weight average molecular weight of 6,000 or less and being capable of increasing the
polarity by the action of an acid, and (b) a negative tone developer (preferably an organic developer)
are necessary.         In practicing the present invention, (c) a rinsing solution for negative tone
development is preferably further used.         In practicing the present invention, (d) a positive tone
developer (preferably an alkali developer) is preferably further used.        In the present invention, a
pattern forming process using two kinds of developers, that is, a positive tone developer and a
negative tone developer, is preferred. In this case, the order of developments is not particularly limited,
but it is preferred to perform development by using a positive tone developer or a negative tone
developer after first exposure and then perform negative or positive tone development by using a
developer different from that in the first development. After the negative tone development, the resist
film is preferably washed with an organic solvent-containing rinsing solution for negative tone
development.         The pattern forming system includes a positive tone system and a negative tone
system and in either system, a change in the solubility of a resist film in a developer due to a chemical
reaction triggered by light irradiation is utilized. In general, a system where the light-irradiated part
dissolves in a developer is called a positive tone system, and a system where the light-unirradiated
part dissolves in a developer is called a negative tone system.  The positive tone resist utilizes a
chemical reaction such as polarity conversion for enhancing the solubility in a developer, and the
negative tone resist utilizes bond formation between molecules, such as crosslinking reaction or
polymerization reaction.         Since the advent of a resist for IC.rF excimer laser (248 nm), an image
forming method called chemical amplification is used as an image forming method for a resist so as to
compensate for sensitivity reduction caused by light absorption. For example, the image forming
method by positive tone chemical amplification is an image forming method of decomposing an acid
generator in the exposed area upon exposure to generate an acid, converting an alkali-insoluble group
into an alkali-soluble group by using the generated acid as a reaction catalyst in the baking after
exposure (PEB: Post Exposure Bake), and removing the exposed area by alkali development.         In
the present invention, one positive tone resist composition (a) acts as a positive tone resist for a
positive tone developer and at the same time, acts as a negative tone resist for a negative tone
developer.         In the present invention, an alkali developer (aqueous) can be used as the positive
tone developer, and an organic developer containing an organic solvent can be used as the negative
tone developer.         Also, the resist composition (a) is a "resin composition that forms a film capable
of increasing the polarity as a result of a chemical reaction triggered by exposure to irradiation".         In
conventionally employed negative tone image-forming systems, a material system utilizing a
mechanism of increasing the molecular weight exclusively by the bonding between molecules and
decreasing the solubility in a developer has been proposed. However, it has been difficult for the
image forming mechanism utilizing a change in the molecular weight to establish a system of allowing
one resist material system to act as a positive tone resist for one developer and act as a negative tone
resist for another developer.         In the present invention, the resist composition (a) not only causes a
decrease of the solubility in a negative tone developer due to a polarity conversion reaction of the
polymer side chain but also brings about both an increase of the solubility in an alkali developer and a
decrease of the solubility in an organic developer particularly by virtue of a specific chemical reaction
(the polarity conversion reaction of the polymer side chain) at the same time.         In the present
invention, the matter of importance is to control the "threshold value" of exposure dose (the exposure
dose for solubilizing or insolubilizing the film by a developer in the light-irradiated region). The
"threshold value" is the minimum exposure dose for solubilizing the film by a positive tone developer
and the maximum exposure dose for insolubilizing the film by a negative tone developer so as to
obtain a desired line width at the time of performing pattern formation.  The "threshold value" can be
determined as follows.        That is, the "threshold value" is the maximum exposure dose for
solubilizing the film by a positive tone developer and the minimum exposure dose for insolubilizing the
film by a negative tone developer so as to obtain a desired line width at the time of performing pattern
formation. 



More strictly, the threshold value is defined as follows.        The residual film ratio of the resist film to
the exposure dose is measured and at this time, as shown in Fig. 4, the minimum exposure dose
giving a residual film ratio of 0% for the positive tone developer is designated as a threshold value (a)
and the minimum exposure dose giving a residual film ratio of 100% for the negative tone developer is
designated as a threshold value (b).        For example, as shown in Fig. 5, the threshold value (a) of
the exposure dose for solubilizing the film by a positive tone developer is set to be higher than the
threshold value (b) for solubilizing the film by a negative tone developer, whereby pattern formation
can be achieved by one exposure operation. That is, as shown in Fig. 6, after a resist is coated on a
wafer and exposed, the portion not lower than the threshold value (a) of the exposure dose is
dissolved with a positive tone developer and then, the region not higher than the threshold value (b) of
the exposure dose is dissolved with a negative tone developer, whereby pattern formation can be
performed by one exposure operation. In this case, as for the order of the development with a positive
tone developer and the development with a negative tone developer, either development may be
performed earlier. After the negative tone development, when the resist film is washed with a rinsing
solution containing an organic solvent, more successful pattern formation can be achieved.        The
method for controlling the threshold value includes a method of controlling the material-related
parameters of the resist composition (a) and the developer or controlling the parameters related to the
process.         As for the material-related parameter, control of various physical values related to
solubility of the resist composition (a) in the developer and the organic solvent, such as SP value
(solubility parameter) arid LogP value, is effective. Specific examples of the parameter include, for the
polymer contained in the resist composition (a), the average molecular weight, the molecular weight
dispersity, the monomer compositional ratio, the polarity of monomer, the monomer sequence, the
polymer blend and the addition of low molecular additive, and for the developer, include the
concentration of developer, the addition of low molecular additive and the addition of surfactant.
Also, specific examples of the process-related parameter include the film formation temperature, the
film formation time, the temperature and time of post-heating after exposure,  the temperature at
development, the development time, the nozzle system (puddle method) of developing apparatus, and
the rinsing method after development.         Accordingly, for obtaining a good pattern in the pattern
forming method using negative tone development as well as in the pattern fowling method by multiple
development using negative tone development and positive tone development in combination, it is
important to combine the above-described material-related parameters and process parameters while
appropriately controlling these parameters.         The pattern forming process using two kinds of
developers, namely, a positive tone developer and a negative tone developer, may be a process
where the exposure is performed once as described above or where the exposure is performed two or
more times by the following process. That is, development using a positive tone developer or a
negative tone developer is performed after first exposure, and negative or positive tone development
using a developer different from that in the first development is performed after second exposure. A
pattern forming method comprising, in order:                a step of coating a substrate with a resist
composition for multiple development, whose solubility in a positive tone developer increases and
solubility in a negative tone developer decreases upon irradiation with an actinic ray or radiation, (ii-1)a
first exposure step, (v-1)a first heating step, (iii)a step of developing the resist Ih a positive tone
developer, (ii-2)a second exposure step, (v-2)a second heating step, and 



(iv)a step of developing the resist film with a negative tone developer. A pattern forming method
comprising, in order: (i)a step of coating a substrate with a resist composition for multiple development,
whose solubility in a positive tone developer increases and solubility in a negative tone developer
decreases upon irradiation with an actinic ray or radiation, (ii-I)a first exposure step, (v-1) a first
heating step, (iv)a step of developing the resist film with a negative tone developer, (ii-2)a second
exposure step, (v-2) a second heating step, and (iii)a step of developing the resist film with a positive
tone developer.         As regards the resist composition for multiple development, the resist
composition described later can be used. When exposure is performed two or more times, this is
advantageous in that the  latitude of control of the threshold value in the development after first
exposure and control of the threshold value in the development after second exposure increases.
In the case of performing the exposure two or more times, the second exposure dose is preferably set
to be larger than the first exposure dose. Because, as shown in Fig. 7, in the second development, the
threshold value is determined based on the amount to which the history of first and second exposure
doses are added, and when the second exposure dose is sufficiently larger than the first exposure
dose, the effect of the first exposure dose is reduced and depending on the case, can be neglected.
The exposure dose (Eo 1 [mJ/cm2]) in the step of performing the first exposure is preferably 5
[m.I/cm2] or more smaller than the exposure dose (Eo2 [mJ/cm2]) in the step of performing the second
exposure. In this case, the history of the first exposure can be made to less affect the process of
performing pattern formation by the second exposure.         In the case of performing the exposure two
times, the first development is not limited to positive tone development, and development using a
negative tone developer may be performed first. 



For changing the first exposure dose and the second exposure dose, a method of adjusting the
above-described various parameters related to the material and process is effective. In particular,
control of the temperature in the first heating step and the temperature in the second heating step is
effective. That is, in order to make the first exposure dose to be smaller than the second exposure
dose, it is effective to set the temperature in the first heating step to be lower than the temperature in
the second heating step.         The threshold value (a) in the positive tone development is determined
as follows in the actual lithography process.         A film composed of a resist composition whose
solubility in a positive tone developer increases and solubility in a negative tone developer decreases
upon irradiation with an actinic ray or radiation is formed on a substrate, and the resist film is exposed
through a photomask having a desired pattern size under desired illumination conditions. At this time,
the exposure is performed by varying the exposure focus in 0.05 [um] steps and the exposure dose in
0.5 [mJ/cm2) steps.         After the exposure, the resist film is heated at a desired temperature for a
desired time and then developed with an alkali developer in a desired concentration for a desired time.
After the development, the line width of the pattern is measured using CD-SEM, and the exposure
dose A [mJ/cm21 and focus position for forming a desired line width are determined. Subsequently,
the intensity distribution of an optical image when the above-described photomask is irradiated with a
specific exposure dose A [mJ/cm2] and a specific focus  position is calculated. The calculation can be
performed using a simulation software (Prolith, ver. 9.2.0.15, produced by KLA). Details of the
calculation method are described in Chris. A. Mack, Inside PROLITH, Chapter 2, "Aerial Image
Formation", FINLE Technologies, Inc.         As a result of calculation, for example, the spatial intensity
distribution shown in Fig. 8 of an optical image is obtained.         Here, as shown in Fig. 9, the light
intensity at a position after the spatial position is shifted by 1/2 of the obtained pattern line width from
the minimum value in the spatial intensity distribution of an optical image becomes the threshold value
(a).         The threshold value (b) in the negative tone development is determined as follows in the
actual lithography process.         A film composed of a resist composition whose solubility in a positive
tone developer increases and solubility in a negative tone developer decreases upon irradiation with
an actinic ray or radiation is formed on a substrate, and the resist film is exposed through a photomask
having a desired pattern size under desired illumination conditions. At this time, the exposure is
performed by varying the exposure focus in 0.05 [m] steps and the exposure dose in 0.5 [mJ/cm2]
steps.         After the exposure, the resist film is heated at a desired temperature for a desired time and
then developed with an organic developer in a desired concentration for a desired time. After the
development, the line width of the pattern is measured using CD-SEM, and the exposure dose A
[mJ/cm2] and focus position for forming a desired line width are determined. Subsequently, the
intensity distribution of an optical image when the above-described photomask is irradiated with a
specific exposure dose A [mJ/cm2] and a specific focus position is calculated. The calculation is
performed using a simulation software (Prolith, produced by KLA).         For example, a spatial
intensity distribution shown in Fig. 10 of an optical image is obtained.         Here, as shown in Fig. 11,
the light intensity at a position after the spatial position is shifted by 1/2 of the obtained pattern line
width from the maximum value in the spatial intensity distribution of an optical image is defined as the
threshold value (b).         The threshold value (a) is preferably from 0.1 to 100 [mJ/cm2], more
preferably from 0.5 to 50 [mJ/cm2], still more preferably from 1 to 30 [mJ/cm2]. The threshold value (b)
is preferably from 0.1 to 100 [mJ/cm2], more preferably from 0.5 to 50 [mJ/cm2], still more preferably
from Ito 30 [mJ/cm2].         The difference between threshold values (a) and (b) is preferably from 0.1
to 80 [mJ/cm2], more preferably from 0.5 to 50 [m.1/cm2], still more preferably from 1 to 30 [mJ/cm2].
At the time of performing positive tone development, an alkali developer is preferably used. 



The alkali developer which can be used in performing positive tone development is, for example, an
alkaline aqueous solution of inorganic alkalis such as sodium hydroxide, potassium hydroxide, sodium
carbonate, sodium silicate, sodium metasilicate and aqueous ammonia, primary amines such as
ethylamine and n-propylamine, secondary amines such as diethylamine and di-n-butylamine, tertiary
amines such as triethylamine and methyldiethylamine, alcohol amines such as dimethylethanolamine
and triethanolamine, quaternary ammonium salts such as tetramethylammonium hydroxide and
tetraethylammonium hydroxide, and cyclic amines such as pyrrole and piperidine.         Furthermore,
this alkaline aqueous solution may be used after adding thereto alcohols and a surfactant each in an
appropriate amount. The alkali concentration of the alkali developer is usually from 0 to 20 mass%.
The pH of the alkali developer is usually from 10.010 15.0.         In particular, an aqueous 2.38%
tetramethylammonium hydroxide solution is preferred.         As for the rinsing solution in the rinsing
treatment performed after positive tone development, pure water is used, and the pure water may be
used after adding thereto a surfactant in an appropriate amount.         At the time of performing
negative tone development, an organic developer containing an organic solvent is preferably used.
As for the organic developer which can be used in performing negative tone development, a polar
solvent such as ketone-based solvent, ester-based solvent, alcohol-based solvent, amide-based
solvent and ether-based solvent, and a hydrocarbon-based solvent can be used. For example, there
may be used a ketone-based solvent such as 1-octanone, 2- octanone, Enonanone, 2-nonanone,
acetone, 4-heptanone, 2-hexanone, diisobutyl ketone, cyclohexanone, methylcyclohexanone,
phenylacetone, methyl ethyl ketone and methyl isobutyl ketone; and an ester-based solvent such as
methyl acetate, butyl acetate, ethyl acetate, isopropyl acetate, amyl acetate, propylene glycol
monomethyl ether acetate, ethylene glycol monoethyl ether acetate, diethylene glycol monobutyl ether
acetate, diethylene glycol monoethyl ether acetate, ethyl-3-ethoxypropionate, 3-methoxybutyl acetate,
3-methy1-3- methoxybutyl acetate, methyl formate, ethyl formate, butyl formate, propyl formate, ethyl
lactate, butyl lactate and propyl lactate.         Examples of the alcohol-based solvent include an alcohol
such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl
alcohol, ten-butyl alcohol, isobutyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl alcohol and n-
decanol; a glycol-based solvent such as ethylene glycol, diethylene glycol and triethylene glycol; and a
glycol ether-based solvent such as ethylene glycol monomethyl ether, propylene glycol monomethyl
ether, ethylene glycol, propylene glycol, diethylene glycol monomethyl ether, triethylene glycol
monoethyl ether and methoxymethyl butanol.        Examples of the ether-based solvent include, in
addition to the glycol ether-based solvents above, dioxane and tetrahydrofuran.        Examples of the
amide-based solvent which can be used include N-methyl-2- pyrrolidone, N,N-dimethylacetamide and
N.N-ditnethylformamide.        Examples of the hydrocarbon-based solvent include an aromatic
hydrocarbon-based solvent such as toluene and xylene, and art aliphatic hydrocarbon-based solvent
such as pentane, hexane, octane and decane.        A plurality of these solvents may be mixed, or the
solvent may be used by mixing it with a solvent other than those described above or water.        As
regards the development system, for example, a method of raising the developer on a substrate
surface by the effect of a surface tension and keeping it still for a fixed time, thereby perfolining the
development (puddle method), a method of spraying the developer on a substrate surface (spray
method), and a method of continuously ejecting the developer on a substrate rotating at a constant
speed while scanning the developer ejecting nozzle at a constant rate (dynamic dispense method)
may be applied. In using such a development method, if the vapor pressure of the negative tone
developer is high, the substrate surface is cooled due to evaporation of the developer to reduce the
temperature of the developer and the film of the resist composition formed on the substrate is not
dissolved at a constant rate, giving rise to deterioration of the dimensional uniformity. For this reason,
the vapor pressure at 20C of the developer which can be used in performing negative tone
development is preferably 5 kPa or less, more preferably 3 kPa or less, and most preferably 2 kPa or
less.         Specific examples of the developer having a vapor pressure of 5 kPa or less at 20C include
a ketone-based solvent such as 1-octanone, 2-octanone, 1-nonanone, 2-nonanone, 4- heptanone,
2-hexanone, diisobutyl ketone, cyclohexanone, methylcyclohexanone, phenylacetone and methyl
isobutyl ketone; an ester-based solvent such as butyl acetate, amyl acetate, propylene glycol
monomethyl ether acetate, ethylene glycol monoethyl ether acetate, diethylene glycol monobutyl ether
acetate, diethylene glycol monoethyl ether acetate, ethy1-3- ethoxypropionate, 3-methoxybutyl
acetate, 3-methy1-3-methoxybutyl acetate, butyl formate, propyl formate, ethyl lactate, butyl lactate
and propyl lactate; an alcohol-based solvent such as n-propyl alcohol, isopropyl alcohol, n-butyl
alcohol, sec-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl
alcohol and n-decanol; a glycol-based solvent such as ethylene glycol, diethylene glycol and
triethylene glycol: a glycol ether-  



based solvent such as propylene glycol monomethyl ether, ethylene glycol, propylene glycol,
diethylene glycol monomethyl ether, triethylene glycol monoethyl ether and methoxymethylbutanol; an
ether-based solvent such as tetrahydrofuran; an amide-based solvent such as N-methyl-2-pyrrolidone,
N,N-dimethylacetamide and N,Ndimethylfonnamide; an aromatic hydrocarbon-based solvent such as
toluene and xylene; and an aliphatic hydrocarbon-based solvent such as octane and decane.
Specific examples of the developer having a vapor pressure of 2 kPa or less at 20C, which is a most
preferred range, include a ketone-based solvent such as 1-octanone. 2- octanone, 1-nonanone,
2-nonanone, 4-heptanone, 2-hexanone, diisobutyl ketone, cyclohexanone, methylcyclohexanone and
phenylacetone; an ester-based solvent such as butyl acetate, amyl acetate, propylene glycol
monomethyl ether acetate, ethylene glycol monoethyl ether acetate, diethylene glycol monobutyl ether
acetate, diethylene glycol monoethyl ether acetate, ethyl-3-ethoxypropionate, 3-methoxybutyl acetate,
3-methy1-3- methoxybutyl acetate, ethyl lactate, butyl lactate and propyl lactate; an alcohol-based
solvent such as n-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, n-hexyl alcohol,
n-heptyl alcohol, n-octyl alcohol and n-decanol; a glycol-based solvent such as ethylene glycol,
diethylene glycol and triethylene glycol; a glycol ether-based solvent such as propylene glycol
monomethyl ether, ethylene glycol, propylene glycol, diethylene glycol monomethyl ether, triethylene
glycol monoethyl ether and methoxymethylbutanol; an amide-based solvent such as
N-methyl-2-pyrrolidone, N,N-dimethylacetamide and N.Ndimethylformamide; an aromatic
hydrocarbon-based solvent such as xylene; and an aliphatic hydrocarbon-based solvent such as
octane and decane.         In the developer usable when performing negative tone development, a
surfactant can be added in an appropriate amount, if desired.         The surfactant is not particularly
limited but, for example, an ionic or nonionic fluorine-containing and/or silicon-containing surfactant
can be used. Examples of such a fluorine-containing and/or silicon-containing surfactant include the
surfactants described in JP-A-62-36663, JP-A-61-226746, JP-A-61-226745, JP-A-62-170950,
JP-A-63-34540, JP-A7-230165, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988 and U.S. Patents
5,405.720, 5.360.692, 5,529,881, 5,296,330, 5,436,098, 5,576,143. 5.294,511 and 5,824,451. The
surfactant is preferably a nonionic surfactant. The nonionic surfactant is not particularly limited, but a
fluorine-containing surfactant or a silicon-containing surfactant is more preferred.         The amount of
the surfactant used is usually from 0.001 to 5 mass%, preferably from 0.005 to 2 mass%, more
preferably from 0.01 to 0.5 mass%, based on the entire amount of the developer. After the step of
performing negative tone development, a step of stopping the  development by the replacement with
another solvent may be practiced.         A step of washing the resist film with a rinsing solution
containing an organic solvent is preferably provided after the negative tone development.         A
method where after washing with a rinsing solution, the rinsing solution is removed from the substrate
surface by rotating the substrate at a rotation number of 2,000 rpm to 4,000 rpm, is preferred. In the
case where the vapor pressure of the rinsing solution is low, the rinsing solution remains on the
substrate even after removing the rinsing solution by rotating the substrate and penetrates into the
resist pattern formed on the substrate to swell the resist pattern, as a result, the dimensional uniformity
of the resist pattern is deteriorated. For this reason, the vapor pressure at 20C of the rinsing solution is
preferably 0.05 kPa or more, more preferably 0.1 kPa or more, and most preferably 0.12 kPa or more.
In the rinsing step after negative tone development, the washing is preferably performed using a
rinsing solution containing at least one kind of an organic solvent selected from an alkane-based
solvent, a ketone-based solvent, an ester-based solvent, an alcohol-based solvent, an amide-based
solvent and an ether-based solvent. Preferably, a step of washing the resist film by using a rinsing
solution containing at least one kind of an organic solvent selected from a ketone-based solvent, an
ester-based solvent, an alcohol-based solvent and an amide-based solvent is preformed after negative
tone development; more preferably, a step of washing the resist film by using a rinsing solution
containing an alcohol-based solvent or an ester-based solvent is performed after negative tone
development; still more preferably, a step of washing the resist film by using a rinsing solution
containing a monohydric alcohol having a carbon number of 6 to 8 is performed after negative tone
development. The monohydric alcohol having a carbon number of 6 to 8, which is used in the rinsing
step after negative tone development, includes a linear, branched or cyclic monohydric alcohol, and
specific examples of the monohydric alcohol which can be used include 1-hexanol, 1- heptanol,
1-octanol, 2-hexanol, 2-heptanol, 2-octanol, 3-hexanol, 3-heptanol, 3-octanol, 4- octanol and benzyl
alcohol, with 1-hexanol, 2-hexanol and 2-heptanol being preferred.         A plurality of these
components may be mixed, or the solvent may be used by mixing it with an organic solvent other than
those described above.         The water content in the rinsing solution is preferably 10 mass% or less,
more preferably 5 mass% or less, still more preferably 3 mass% or less. By setting the water content
to 10 mass% or less, good development characteristics can be obtained.         The rinsing solution
may also be used after adding thereto a surfactant in an appropriate amount.         In the rinsing step,
the wafer after negative tone development is washed using the above-described organic
solvent-containing rinsing solution. The method of washing  treatment is not particularly limited but, for
example, a method of continuously ejecting the rinsing solution on a substrate rotating at a constant
speed (spin coating method), a method of dipping the substrate in a bath filled with the rinsing solution
for a fixed time (dipping method), and a method of spraying the rinsing solution on the substrate
surface (spraying method) may be applied. Above all, a method where the washing treatment is
performed by the spin coating method and after the washing, the rinsing solution is removed from the
substrate surface by rotating the substrate at a rotation number of 2,000 rpm to 4,000 rpm, is
preferred. 



As regards the development method, for example, a method of dipping the substrate in a bath filled
with the developer for a fixed time (dipping method), a method of raising the developer on the
substrate surface by the effect of a surface tension and keeping it still for a fixed time, thereby
performing the development (puddle method), a method of spraying the developer on a substrate
surface (spraying method), and a method of continuously ejecting the developer on the substrate
rotating at a constant speed while scanning the developer ejecting nozzle at a constant rate (dynamic
dispense method) may be applied.        In the pattern forming method of the present invention, the step
of forming a film on a substrate by using a resist composition whose solubility in a positive tone
developer increases and solubility in a negative tone developer decreases upon irradiation with an
actinic ray or radiation, the step of exposing the film, the step of heating the film, and the step of
applying positive tone development to the film may be performed by generally known methods.
The exposure apparatus for use in the present invention is not limited in the light source wavelength,
but, for example, a KrF excimer laser wavelength (248 nm), an ArF excimer laser wavelength (193 nm)
and an F2 excimer laser wavelength (157 nm) can be applied.        In the step of performing exposure
of the present invention, an immersion exposure method can be applied.        The immersion exposure
method is a technique for raising the resolution, and this is a technique of performing the exposure by
filling a high refractive-index liquid (hereinafter sometimes referred to as an "immersion liquid")
between the projection lens and the sample.        As for the "effect of immersion", assuming that
NA0=sin0, the resolution and depth of focus when immersed can be expressed by the following
formulae: (Resolution) = kiOco/n)/NA0 (Depth of focus) = k2(24)/n)/NA02 wherein ko is the wavelength
of exposure light in air, n is the refractive index of the immersion liquid based on air, and 0 is the
convergence half-angle of beam.          That is, the effect of immersion is equal to use of an exposure
wavelength of 1/n. In other words, when the projection optical system has the same NA, the depth of
focus can be made n times larger by the immersion. This is effective for all pattern profiles and can be
combined with the super-resolution technology under study at present, such as phase-shift method
and modified illumination method.         In the case of performing immersion exposure, a step of
washing the film surface with an aqueous chemical solution may be performed (1) before the exposure
step after forming the film on a substrate and/or (2) after the step of exposing the film through an
immersion liquid but before the step of heating the film.         The immersion liquid is preferably a liquid
being transparent to light at the exposure wavelength and having as small a temperature coefficient of
refractive index as possible so as to minimize the distortion of an optical image projected on the film.
Particularly, when the exposure light source is an ArF excimer laser (wavelength: 193 nm), water is
preferably used in view of easy availability and easy handleability, in addition to the above-described
aspects.         In the case of using water, an additive (liquid) capable of decreasing the surface tension
of water and increasing the surface activity may be added in a small ratio. This additive is preferably a
liquid that does not dissolve the resist layer on the wafer and at the same time, gives only a negligible
effect on the optical coat at the undersurface of the lens element.         Such an additive is preferably,
for example, an aliphatic alcohol having a refractive index nearly equal to that of water, and specific
examples thereof include methyl alcohol, ethyl alcohol and isopropyl alcohol. By virtue of adding an
alcohol having a refractive index nearly equal to that of water, even when the alcohol component in
water is evaporated and its content concentration is changed, the change in the refractive index of the
entire liquid can be advantageously made very small.         On the other hand, if a substance opaque
to light at 193 rim or an impurity greatly differing in the refractive index from water is mingled, this
incurs distortion of the optical image projected on the resist. Therefore, the water used is preferably
distilled water. Pure water after further filtration through an ion exchange filter or the like may also be
used.         In the present invention, the substrate on which the film is formed is not particularly limited,
and an inorganic substrate such as silicon, SiN, SiO2 and SiN, a coating-type inorganic substrate such
as SOG, or a substrate generally used in the process of producing a semiconductor such as IC or
producing a circuit board of liquid crystal, thermal head or the like or in the lithography process of other
photo-applications can be used. If desired, an organic antireflection film may be formed between the
film and the substrate. 



In the present invention, the film formed on the substrate is a film composed of a  resist composition
whose solubility in a positive tone developer increases and solubility in a negative tone developer
decreases upon irradiation with an actinic ray or radiation.        The resist composition which can be
used in the present invention is described below. (A) Resin capable of increasing the polarity by the
action of an acid         The resin capable of increasing the polarity by the action of an acid, which is
used in the resist composition of the present invention, is a resin having a group that decomposes by
the action of an acid to produce an alkali-soluble group (hereinafter sometimes referred to as an
"acid-decomposable group"), on either one or both of the main chain and the side chain of the resin
(sometimes referred to as an "acid-decomposable resin", an "acid-decomposable resin (A)" or a "resin
(A)). The resin is preferably a resin whose solubility in a positive tone developer increases and which
has a monocyclic or polycyclic alicyclic hydrocarbon structure and can increase the porality, increase
the solubility in an alkali developer and decrease the solubility in an organic solvent by the action of an
acid (hereinafter sometimes referred to as an "alicyclic hydrocarbon-based acid-decomposable resin").
Because, the polarity of the resin is greatly changed between before and after irradiation of an actinic
ray or radiation and when the resist film is developed using a positive tone developer (preferably an
alkali developer) and a negative tone developer (preferably an organic solvent), the dissolution
contrast rises. Furthermore, the resin having a monocyclic or polycyclic alicyclic hydrocarbon structure
generally has high hydrophobicity and ensures a high development rate at the time of developing the
resist film in the region of weak light irradiation intensity with a negative tone developer (preferably an
organic developer), and the developability in using a negative tone developer is enhanced
Examples of the alkali-soluble group include groups having a phenolic hydroxyl group, a carboxylic
acid group, a fluorinated alcohol group, a sulfonic acid group, a sulfonamide group, a sulfonylimide
group, an (alkylsulfonyl)(alkylcarbonyl)methylene group, an (alkylsulfonyl)(alkylcarbonypimide group, a
bis(alkylcarbonyOmethylene group, a bis(alkylcarbonyl)imide group, a bis(alkylsulfonyl)methylene
group, a bis(alkylsulfonyl)imide group, a tris(alkylcarbonyl)methylene group or a
tris(alkylsulfonyl)methylene group.         The alkali-soluble group is preferably a carboxylic acid group,
a fluorinated alcohol group (preferably hexafluoroisopropanol) or a sulfonic acid group.         The group
capable of decomposing by the action of an acid (acid-decomposable groups) is preferably a group
obtained by substituting the hydrogen atom of the above-described alkali-soluble group with a group
capable of leaving by the action of an acid.         Examples of the group capable of leaving by the
action of an acid include - C(R36)(R37)(R38), -C(R35)(R37)(0R39) and -C(R01)(R02)(0R39).         In
the formulae, each of R36 to R39 independently represents an alkyl group, a cycloalkyl group, an aryl
group, an aralkyl group or an alkenyl group. R36 and R32 may combine with each other to form a ring.
Each of RQ, and R92 independently represents a hydrogen atom, an alkyl group, a cycloalkyl group,
an aryl group, an aralkyl group or an alkenyl group.        The acid-decomposable group is preferably a
cumyl ester group, an enol ester group. an acetal ester group, a tertiary alkyl ester group or the like,
more preferably a tertiary alkyl ester group.        The resist composition of the present invention
containing a resin (al) having a monocyclic or polycyclic alicyclic hydrocarbon structure and being
capable of increasing the polarity by the action of an acid can be suitably used when ArF excimer laser
light is irradiated.         The resin having a monocyclic or polycyclic alicycl c hydrocarbon structure and
being capable of increasing the polarity by the action of an acid (hereinafter sometimes referred to as
an "alicyclic hydrocarbon-based acid-decomposable resin") is preferably a resin containing at least
one member selected from the group consisting of a repeating unit having an alicyclic
hydrocarbon-containing partial structure represented by any one of the following formulae (A) to (pV)
and a repeating unit represented by the following formula (II-AB).  



In formulae (p1) to (pV). RI represents a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group or a sec-butyl group.         Z represents an atomic group
necessary for forming a cycloalkyl group together with the carbon atom.         Each of R12 to R16
independently represents a linear or branched alkyl group having a carbon number of 1 to 4 or a
cycloalkyl group, provided that at least one of R12 to R14 or either one of R15 and R16 represents a
cycloalkyl group.         Each of R12 to R21 independently represents a hydrogen atom, a linear or
branched alkyl group having a carbon number of 1 to 4 or a cycloalkyl group, provided that at least one
of R12 to R21 represents a cycloalkyl group and that either one of R19 and R21 represents a linear or
branched alkyl group having a carbon number of 1 to 4 or a cycloalkyl group.          Each of R22 to R25
independently represents a hydrogen atom, a linear or branched alkyl group haying a carbon number
of 1 to 4 or a cycloalkyl group, provided that at least one of R22 to R25 represents a cycloalkyl group.
R23 and R24 may combine with each other to form a ring. C ) R11'R12' (- A B )        In formula (II-AB),
each of R11 and R12' independently represents a hydrogen atom, a cyano group, a halogen atom or
an alkyl group.        7 represents an atomic group for forming an alicyclic structure containing two
bonded carbon atoms (C-C). Formula (II-AB) is preferably the following formula (II-AB I ) or (II-AB2):
R13R161 R141 



( I I -AB 1)  ( I I - A           In formulae (II-AB1) and (II-AB2), each of RI3' to R16' independently
represents a hydrogen atom, a halogen atom, a cyano group, -COOH, -COOR5, a group capable of
decomposing by the action of an acid, -C(=0)-X-A'-12171, an alkyl group or a cycloalkyl group, and at
least two members out of R13' 10 R16' may combine to form a ring. R5 represents an alkyl group, a
cycloalkyl group or a group haying a lactone structure. X represents an oxygen atom, a sulfur atom,
-NH-, -NHS02- or -NHSO2NH-. A' represents a single bond or a divalent linking group.         R17'
represents -COOH, -COOR5, -CN, a hydroxyl group, an alkoxy group, -CO-NHR6, -CO-NH-S02-R6 or
a group haying a lactone structure. R6 represents an alkyl group or a cycloalkyl group. n represents 0
or 1. In formulae (pp to (pV), the alkyl group of R12 to R25 is a linear or branched alkyl  group having a
carbon number of I to 4.         The cycloalkyl group of R i to R25 and the cycloalkyl group formed by Z
together with the carbon atom may be monocyclic or polycyclic. Specific examples thereof include a
group having a carbon number of 5 or more and having a monocyclo, bicycio, tricyclo or tetracyclo
structure or the like. The carbon number thereof is preferably from 6 to 30, more preferably from 7 to
25. These cycloalkyl groups each may have a substituent.         Preferred examples of the cycloalkyl
group include an adamantyl group, a noradamantyl group, a decalin residue, a tricyclodecanyl group, a
tetracyclododecanyl group, a norbornyl group, a cedrol group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, a cyclodecanyt group and a cyclododecanyl group. Among
these, more preferred are an adamantyl group, a norbornyl group, a cyclohexyl group, a cyclopentyl
group, a tetracyclododecanyl group and a tricyclodecanyl group.         Examples of the substituent
which the alkyl group and cycloalkyl group each may further have include an alkyl group (having a
carbon number of 1 to 4). a halogen atom, a hydroxyl group, an alkoxy group (having a carbon number
of 1 to 4), a carboxyl group and an alkoxycarbonyl group (having a carbon number of 2 to 6).
Examples of the substituent which these alkyl group, alkoxy group, alkoxycarbonyl group and the like
each may further have include a hydroxyl group, a halogen atom and an alkoxy group.         The
structures represented by formulae (p1) to (pV) each can be used for the protection of an alkali-soluble
group in the resin. Examples of the alkali-soluble group include various groups known in this technical
field. 



Specific examples thereof include a structure where the hydrogen atom of a carboxylic acid group, a
sulfonic acid group, a phenol group or a thiol group is replaced by the structure represented by any
one of formulae (p1) to (pV). Among these, preferred is a structure where the hydrogen atom of a
carboxylic acid group or a sulfonic acid group is replaced by the structure represented by any one of
formulae (pl) to (pV).         The repeating unit having an alkali-soluble group protected by the structure
represented by any one of formulae (V) to (pV) is preferably a repeating unit represented by the
following formula (pA):          In the formula, R represents a hydrogen atom, a halogen atom or a linear
or branched alkyl group having a carbon number of 1 to 4, and a plurality of R's may be the same or
different from each other.         A represents a single bond, or a sole group or a combination of two or
more groups selected from the group consisting of an alkylene group, an ether group, a thioether
group, a carbonyl group, an ester group, an amido group, a sulfonatnido group, a urethane group and
a urea group, and is preferably a single bond. Rill represents a group represented by any one of
formulae (p1) to (pV).         The repeating unit represented by formula (pA) is more preferably a
repeating unit composed of a 2-alkyl-2-adamantyl (meth)acrylate or a dialkyl(I-adamantyl)methyl
(meth)acrylate.         Specific examples of the repeating unit represented by formula (pA) are set forth
below, but the present invention is not limited thereto.         (In the formulae, Rx represents H, CH3 or
CH2OH, and each of Rxa and Rxb independently represents an alkyl group having a carbon number
of I to 4.)  H C (CH2 C =0 00 2 RICRx 1 )  
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Ho 0 28  Examples of the halogen atom of R11' and R12' in foula (II-AB) include a chlorine atom, a
bromine atom, a fluorine atom and an iodine atom.         The alkyl group of R11 and R12 includes a
linear or branched alkyl group having a carbon number of Ito 10.         The atomic group of Z' for
forming an alicyclic structure is an atomic group for forming, in the resin, a repeating unit composed of
an alicyclic hydrocarbon which may have a substituent. Above all, an atomic group for forming a
crosslinked alicyclic structure to form a crosslinked alicyclic hydrocarbon repeating unit is preferred.
Examples of the skeleton of the alicyclic hydrocarbon formed are the same as those of the alicyclic
hydrocarbon group of Ro to R25 in formulae (pl) to (pV).         The skeleton of the alicyclic hydrocarbon
may have a substituent, and examples of the substituent include R13' to R16' in formulae (II-AB1) and
(II-AB2).         In the alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention, the group capable of decomposing by the action of an acid may be contained in at least one
repeating unit out of the repeating unit having an alicyclic hydrocarbon-containing partial structure
represented by any one of formulae (pl) to (pV), the repeating unit represented by formula (II-AB), and
the repeating unit composed of a copolymerization component described later. The group capable of
decomposing by the action of an acid is preferably contained in the repeating unit having an alicylcic
hydrocarbon-containing partial structure represented by any one of formulae (p1) to (pV).         Various
substituents R13' to R16' in formulae (II-ABI) and (II-AB2) may become substituents of the atomic
group for forming an alicyclic structure or the atomic group 7 for forming a crosslinked alicyclic
structure in formula (II-AB).         Specific examples of the repeating units represented by formulae
(II-AB1) and (IIAB2) are set forth below, but the present invention is not limited to these specific
examples.             The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention preferably has a lactone group. As for the lactone group, any group may be used as long as
it has a lactone structure, but a group having a 5- to 7-membered ring lactone structure is preferred.
The 5- to 7-membered ring lactone structure is preferably condensed with another ring structure in the
form of foiming a bicyclo or spiro structure. The resin more preferably has a repeating unit containing a
group having a lactone structure represented by any one of the following formulae (LC1-1) to
(LC1-16). The group having a lactone structure may be bonded directly to the main chain. Among
these lactone structures, preferred are groups represented by formulae (LC1-1), (LC1-4), (LC1-5),
(LC1-6), (LCI-13) and (LC1-14). By virtue of using a specific lactone structure, the line edge roughness
and development defect are improved. 



The lactone structure moiety may or may not have a substituent (Rb2). Preferred examples of the
substituent (Rb?) include an alkyl group having a carbon number of 1 to 8, a cycloalkyl group having a
carbon number of 4 to 7, an alkoxy group having a carbon number of 1 to 8, an alkoxycarbonyl group
having a carbon number of 1 to 8, a carboxyl group, a halogen atom, a hydroxyl group, a cyano group
and an acid-decomposable group. n2 represents an integer of 0 to 4. When n2 is an integer of 2 or
more, each Rb2 may be the same as or different from every other Rb2 and also, the plurality of
substituents (Rb2) may combine with each other to form a ring.         Examples of the repeating unit
containing a group having a lactone structure represented by any one of formulae (LC1-1) to (LC1-16)
include a repeating unit where at least one of RI3' to R16' in formula (11-AB1) or (11-AB2) has a group
represented by any one of formulae (LC1-1) to (LC1-16) (for example, R5 of -COOR5 is a group
represented by any one of formulae (LC1-1) to (LC1-16)), and a repeating unit represented by the
following formula (Al): Rbo    COO -Ab V         In formula (Al), Rbo represents a hydrogen atom, a
halogen atom or an alkyl group having a carbon number of Ito 4.         Preferred examples of the
substituent which the alkyl group of Rbo may have nclude a hydroxyl group and a halogen atom.
The halogen atom of Rbo includes a fluorine atom, a chlorine atom, a bromine atom and an iodine
atom. Rbo is preferably a hydrogen atom or a methyl group.         Ab represents a single bond, an
alkylene group, a divalent linking group having a monocyclic or polycyclic alicyclic hydrocarbon
structure, an ether group, an ester group, a carbonyl group, or a divalent group formed by combining
these groups and is preferably a single bond or a linking group represented by -Ab1-0O2-. Abi
represents a linear or branched alkylene group or a monocyclic or polycyclic cycloalkylene group and
is preferably a methylene group, an ethylene group, a cyclohexylene group, an adamantylene group or
a norbornylene group. V represents a group represented by any one of formulae (LC1-1) to (LC1-16).
The repeating unit having a lactone structure usually has an optical isomer, but any optical isomer may
be used. One optical isomer may be used alone or a mixture of a  plurality of optical isomers may be
used. In the case of mainly using one optical isomer, the optical purity (ee) thereof is preferably 90 or
more, more preferably 95 or more. 



Specific examples of the repeating unit having a lactone structure are set forth below, but the present
invention is not limited thereto. (In the formulae. Rx is H, CH3, CH2OH or CF3.)               In formulae
(Vila) to (Vile), each of R2c to R.4, independently represents a hydrogen atom, a hydroxyl group or a
cyano group, provided that at least one of R20 to R42. represents a hydroxyl group or a cyarto group.
A structure where one or two members out of R20 to R40 are a hydroxyl group with the remaining
being a hydrogen atom is preferred.         In formula (Vila), it is more preferred that two members out of
R22 to R.42 are a hydroxyl group and the remaining is a hydrogen atom.         The repeating unit
having a group represented by any one of formulae (Vila) to (VIId) includes a repeating unit where at
least one of R13 to 1216' in formula (II-AB I) or (IIAB2) has a group represented by formula (VII) (for
example, R5 of -COOR5 is a group represented by any one of formulae (Vila) to (VIId)), and repeating
units represented by the following formulae (Ana) to (AIId): icR1c R  R3c  R3c (A I I a)(Al I b )(Al I c)(Al
I d) 



In formulae (Ana) to (And), Rk. represents a hydrogen atom, a methyl group, a trifluoromethyl group or
a hydroxymethyl group. R22 to R.42 have the same meanings as R2c to R in formulae (Vila) to (VIlc).
Specific examples of the repeating unit having a structure represented by any one of formulae (Alla) to
(And) are set forth below, but the present invention is not limited thereto. The alicyclic
hydrocarbon-based acid-decomposable resin for use in the present  invention may contain a repeating
unit represented by the following formula (VIII):             In formula (VIII). Z, represents -0- or -N(CIT)-.
R41 represents a hydrogen atom, a hydroxyl group, an alkyl group or -0S02-R42. R47 represents an
alkyl group, a cycloalkyl group or a camphor residue. The alkyl group of R41 and R42 may be
substituted by a halogen atom (preferably fluorine atom) or the like.         Specific examples of the
repeating unit represented by formula (VIII) are set forth below, but the present invention is not limited
thereto.  00 0N/7"---'0 00 0 0 OHOS 02CF30         The alicyclic hydrocarbon-based
acid-decomposable resin for use in the present invention preferably contains a repeating unit having
an alkali-soluble group, more preferably a repeating unit having a carboxyl group. By virtue of
containing this repeating unit, the resolution increases in the usage of forming contact holes. As for the
repeating unit having a carboxyl group, a repeating unit where a carboxyl group is directly bonded to
the resin main chain, such as repeating unit by an acrylic acid or a methacrylic acid, a repeating unit
where a carboxyl group is bonded to the resin main chain through a linking group, and a repeating unit
where a carboxyl group is introduced into the terminal of the polymer chain by using a polymerization
initiator or chain transfer agent having an alkali-soluble group at the polymerization, all are preferred.
The linking group may have a monocyclic or polycyclic hydrocarbon structure. A repeating unit by an
acrylic acid or a methacrylic acid is more preferred. 



The alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention may further
contain a repeating unit having from 1 to 3 groups represented by formula (Fl). Thanks to this
repeating unit, the performance in terms of line edge roughness is enhanced.  R53 R50? c c-R54 R51\
R55 R52 ORx (F1)          In formula (F1), each of R50 to R55 independently represents a hydrogen
atom, a fluorine atom or an alkyl group, provided that at least one of R50 to R55 is a fluorine atom or
an alkyl group with at least one hydrogen atom being substituted by a fluorine atom.         RA
represents a hydrogen atom or an organic group (preferably an acid-decomposable protective group,
an alkyl group, a cycloalkyl group, an acyl group or an alkoxycarbonyl group).         The alkyl group of
R50 10 R55 may be substituted by a halogen atom (e.g., fluorine), a cyano group or the like, and the
alkyl group is preferably an alkyl group having a carbon number of I to 3, such as methyl group and
trifluoromethyl group. It is preferred that R50 to R55 all are a fluorine atom.         The organic group
represented by Rx is preferably an acid-decomposable protective group, an alkyl group, a cycloalkyl
group, an acyl group, an alkylcarbonyl group, an alkoxycarbonyl group, an alkoxycarbonylmethyl
group, an alkoxymethyl group or a 1- alkoxyethyl group, each of which may have a substituent.
The repeating unit having a group represented by formula (F1) is preferably a repeating unit
represented by the following formula (F2): Rx 4CH2-CF 2 ) 0=C 



0 -Fa -Fb Fcpi         In formula (F2), Rx represents a hydrogen atom, a halogen atom or an alkyl group
having a carbon number of 1 to 4. Preferred examples of the substituent which the alkyl group of Rx
may have include a hydroxyl group and a halogen atom.         Fa represents a single bond or a linear
or branched alkylene group and is preferably a single bond. Fb represents a monocyclic or polycyclic
hydrocarbon group.         Fc represents a single bond or a linear or branched alkylene group and is
preferably a single bond or a methylene group. F1 represents a group represented by formula (F1).  pl
represents a number of 1 to 3.         The cyclic hydrocarbon group in Fb is preferably a cyclopentyl
group, a cyclohexyl group or a norbomyl group.         Specific examples of the repeating unit having a
group represented by formula (Fl) are set forth below, but the present invention is not limited thereto.
00 C F3C F 3 r OHOH C F3C F 3         The alicyclic hydrocarbon-based acid-decomposable resin for
use in the present invention may further contain a repeating unit having an alicyclic hydrocarbon
structure and not exhibiting acid decomposability. Thanks to this repeating unit, the dissolving out of
low molecular components from the resist film to the immersion liquid at the immersion exposure can
be reduced. Examples of this repeating unit include 1-adamantyl (meth)acrylate, tricyclodecanyl
(meth)acrylate and cyclohexyl (meth)acrylate.         The alicyclic hydrocarbon-based
acid-decomposable resin for use in the present invention may contain, in addition to the
above-described repeating units, various repeating structural units for the purpose of controlling dry
etching resistance, suitability for standard developer, adherence to substrate, resist profile and
properties generally required of the resist, such as resolution, heat resistance and sensitivity. 



Examples of such a repeating structural unit include, but are not limited to, repeating structural units
corresponding to the monomers described below.         Thanks to such a repeating structural unit, the
performance required of the alicyclic hydrocarbon-based acid-decomposable resin, particularly, (I)
solubility in coating solvent, (2) film-forming property (glass transition point), (3) solubility in positive or
negative tone developer, (4) film loss (selection of hydrophilic, hydrophobic and alkali-soluble group),
(5) adherence of unexposed area to substrate, (6) dry etching resistance, and the like, can be subtly
controlled.         Examples of the monomer include a compound having one addition-polymerizable
unsaturated bond selected from acrylic acid esters, methacrylic acid esters, acrylatnides,
methacrylamides, allyl compounds, vinyl ethers and vinyl esters.         Other than these, an
addition-polymerizable unsaturated compound copolymerizable with the monomers corresponding to
the above-described various repeating structural units  may be copolymerized.        In the alicyclic
hydrocarbon-based acid-decomposable resin, the molar ratio of respective repeating structural units
contained is appropriately determined to control the dry etching resistance of resist, suitability for
standard developer, adherence to substrate, resist profile and performances generally required of the
resist, such as resolution, heat resistance and sensitivity.         The preferred embodiment of the
alicyclic hydrocarbon-based acid-decomposable resin for use in the present invention includes the
followings:         (1) a resin containing a repeating unit having an alicyclic hydrocarbon-containing
partial structure represented by any one of formulae (pl) to (pV) (side chain type), preferably a resin
containing a (meth)acrylate repeating unit having a structure represented by any one of formulae (p1)
to (pV), and         (2) a resin containing a repeating unit represented by formula (II-AB) (main chain
type). The resin of (2) further includes:         (3) a resin having a repeating unit represented by formula
(II-AB), a maleic anhydride derivative and a (meth)acrylate structure (hybrid type).         In the alicyclic
hydrocarbon-based acid-decomposable resin, the content of the repeating unit having an
acid-decomposable group is preferably from 10 to 60 mol%, more preferably from 20 to 50 mol%, still
more preferably from 30 to 50 mol%, based on all repeating structural units.         In the alicyclic
hydrocarbon-based acid-decomposable resin, the content of the repeating unit having an alicyclic
hydrocarbon-containing partial structure represented by any one of formulae (pl) to (pV) is preferably
from 20 to 70 mol%, more preferably from 20 to 50 mol%, still more preferably from 30 to 50 mol%,
based on all repeating structural units.         In the alicyclic hydrocarbon-based acid-decomposable
resin, the content of the repeating unit represented by formula (II-AB) is preferably from 10 to 60
mol%, more preferably from 15 to 55 mol%, still more preferably from 20 to 50 mol%, based on all
repeating structural units.         In the acid-decomposable resin, the content of the repeating unit
having a lactone ring is preferably from 10 to 70 mol%, more preferably from 20 to 60 mol%, still more
preferably from 25 to 50 mol%, based on all repeating structural units.         In the acid-decomposable
resin, the content of the repeating unit having a polar group-containing organic group is preferably
from I to 40 mol%, more preferably from 5 to 30 mol%, still more preferably from 5 to 20 mol%, based
on all repeating structural units. 



The content of the repeating structural unit based on the monomer as the further  copolymerization
component in the resin can also be appropriately selected according to the desired resist performance
but in general, the content thereof is preferably 99 mol% or less, more preferably 90 mol% or less, still
more preferably 80 mol% or less, based on the total molar number of the repeating structural unit
having an alicyclic hydrocarbon-containing partial structure represented by any one of formulae (pl) to
(pV) and the repeating unit represented by formula (II-AB).         In the case of using the resist
composition of the present invention for ArF exposure, the resin preferably has no aromatic group in
view of transparency to ArF light.         The alicyclic hydrocarbon-based acid-decomposable resin for
use in the present invention is preferably a resin where all repeating units are composed of a
(meth)acrylatebased repeating unit. In this case, the repeating units may be all a methacrylate-based
repeating unit, all an acrylate-based repeating unit, or all a mixture of methacrylate-based repeating
unit/acrylate-based repeating unit, but the acrylate-based repeating unit preferably accounts for 50
mol% or less of all repeating units.         The alicyclic hydrocarbon-based acid-decomposable resin is
preferably a copolymer having at least three kinds of repeating units, that is, a (meth)acrylate-based
repeating unit having a lactone ring, a (meth)acrylate-hased repeating unit having an organic group
substituted by at least either a hydroxyl group or a cyano group, and a (meth)acrylate-based repeating
unit having an acid-decomposable group.         The copolymer is preferably a ternary copolymerization
polymer containing from 20 to 50 mol% of the repeating unit having an alicyclic
hydrocarbon-containing partial structure represented by any one of formulae (p1) to (pV), from 20 to
50 mol% of the repeating unit having a lactone structure and from 5 to 30 mol% of the repeating unit
having a polar group-substituted alicyclic hydrocarbon structure, or a quaternary copolymerization
polymer further containing from 0 to 20 mol% of other repeating units.         In particular, the resin is
preferably a ternary copolymerization polymer containing from 20 to 50 mol% of an
acid-decomposable group-containing repeating unit represented by any one of the following formulae
(ARA-1) to (ARA-5), from 20 to 50 mol% of a lactone group-containing repeating unit represented by
any one of the following formulae (ARL-1) to (ARL-6). and from 5 to 30 mol/0 of a repeating unit having
a polar group-substituted alicyclic hydrocarbon structure represented by any one of the following
formulae (ARH-1) to (ARH-3), or a quaternary copolymerization polymer further containing from 5 to
20 mol% of a repeating unit having a carboxyl group or a structure represented by formula (F1) and a
repeating unit having an alicyclic hydrocarbon structure and not exhibiting acid decomposability.
(In the formulae, Rxy, represents a hydrogen atom or a methyl group, and Rxal and Rxbj each
represents a methyl group or an ethyl group). RxylRxyRxy Rx 0 -C Rxal 6 ARA- 4ARA- 5   



HOHO ARH- 1ARH-2ARH-3         The alicyclic hydrocarbon-based acid-decomposable resin for use in
the present invention can be synthesized by an ordinary method (for example, radical polymerization).
Examples of the synthesis method in general include a batch polymerization method of dissolving the
monomer species and an initiator in a solvent and heating the solution, thereby effecting the
polymerization, and a dropping polymerization method of adding dropwise a solution containing
monomer species and an initiator to a heated solvent over 1 to 10 hours. A dropping polymerization
method is preferred. Examples of the reaction solvent include tetrahydrofuran, 1,4-dioxane, ethers
such as diisopropyl ether, ketones such as methyl ethyl ketone and methyl isobutyl ketone, an ester
solvent such as ethyl acetate, an amide solvent such as dimethylformamide and dimethylacetamide,
and the later-described solvent capable of dissolving the composition of the present invention, such as
propylene glycol monomethyl ether acetate, propylene glycol monomethyl ether and cyclohexanone.
The polymerization  is more preferably performed using the same solvent as the solvent used in the
resist composition of the present invention. By the use of this solvent, production of particles during
storage can be suppressed.        The polymerization reaction is preferably performed in an inert gas
atmosphere such as nitrogen and argon. As for the polymerization initiator, the polymerization is
started using a commercially available radical initiator (e.g., azo-based initiator, peroxide). The radical
initiator is preferably an azo-based initiator, and an azo-based initiator having an ester group, a cyano
group or a carboxyl group is preferred. Preferred examples of the initiator include
azobisisobutyronitrile, azobisdimethylvaleronitrile and dimethyl 2,2'-azobis(2- methylpropionate). The
initiator is added additionally or in parts, if desired. After the completion of reaction, the reaction
product is charged into a solvent, and the desired polymer is recovered by a method such as powder
or solid recovery. The reaction concentration is from 5 to 50 mass%, preferably from 10 to 30 mass%.
The reaction temperature is usually from 10 to 150C, preferably from 30 to 120C, more preferably from
60 to 100C.         The purification may be performed by the same method as that for the resin (C)
described later, and a normal method, for example, a liquid-liquid extraction method of combining
water washing with an appropriate solvent to remove residual monomers or oligomer components, a
purification method in a solution sate, such as ultrafiltration of extracting and removing only polymers
having a molecular weight lower than a specific molecular weight, a reprecipitation method of adding
dropwise the resin solution in a poor solvent to solidify the resin in the poor solvent and thereby
remove residual monomers and the like, or a purification method in a solid state, such as washing of
the resin slurry with a poor solvent after separation by filtration, may be employed.         The weight
average molecular weight of the resin for use in the present invention is preferably 6,000 or less, more
preferably from 1,000 to 5,000, still more preferably from 2,000 to 3,500, in terms of polystyrene by the
GPC method. When the weight average molecular weight of the resin is 6,000 or less, the line edge
roughness of the resist pattern is reduced.         The dispersity (molecular weight distribution, Mw/Mn)
is preferably 1.7 or less, more preferably 1.5 or less, still more preferably 1.3 or less. As the dispersity
is smaller, the line edge roughness of the resist pattern is more reduced.         To speak in more detail,
the resin for use in the present invention is (al) a resin having an alicyclic hydrocarbon structure and a
dispersity of 1.7 or less and being capable of increasing the polarity by the action of an acid, or (a2) a
resin having an alicyclic hydrocarbon structure and a weight average molecular weight of 6,000 or less
and being capable of  increasing the polarity by the action of an acid, preferably (a3) a resin having an
alicyclic hydrocarbon structure, a dispersity of 1.7 or less and a weight average molecular weight of
6,000 or less and being capable of increasing the polarity by the action of an acid.         The molecular
weight can be controlled by adjusting the amount added of the radical initiator, and as the amount
added of the initiator material is larger, the molecular weight becomes smaller. As for the control of
dispersity, a living polymerization method or the like disclosed in JP-A-2004-220009 may be used, and
in addition, the clispersity can also be reduced by raising the proportion of the good solvent for the
resin during precipitation when synthesizing the resin.         In the resin for use in the present invention,
by combining the weight average molecular weight and the dispersity in respective preferred ranges,
the line edge roughness can be more reduced.         In the resist composition of the present invention,
the amount of all resins for use in the present invention blended in the entire composition is preferably
from 50 to 99.9 mass%, more preferably from 60 to 99.0 mass%, based on the entire solid content. 



In the present invention, one kind of a resin may be used or a plurality of kinds of resins may be used
in combination.         The alicyclic hydrocarbon-based acid-decomposable resin for use in the present
invention preferably contains no fluorine or silicon atom in view of compatibility with the resin (D). (B)
Compound capable of generating an acid upon irradiation with an actinic ray or radiation         The
resist composition of the present invention contains a compound capable of generating an acid upon
irradiation with an actinic ray or radiation (sometimes referred to as a "photo-acid generator" or
"component (B)").         The photo-acid generator which can be used may be appropriately selected
from a photo-initiator for cationic photopolymerization, a photo-initiator for radical photopolymerization,
a photodecoloring agent for dyes, a photodiscoloring agent, a known compound used for microresist or
the like and capable of generating an acid upon irradiation with an actinic ray or radiation, and a
mixture thereof         Examples thereof include a diazonium salt, a phosphonium salt, a sulfonium salt,
an iodonium salt, an imidosulfonate, an oxime sulfonate, a diazodisulfone, a disulfone and an
onitrobenzyl sulfonate.         Also, a compound where such a group or compound capable of
generating an acid upon irradiation with an actinic ray or radiation is introduced into the main or side
chain of the polymer, for example, compounds described in U.S. Patent 3,849,137, German Patent
3,914,407, JP-A-63-26653, JP-A-55-164824, JP-A-62-69263, JP-A-63-146038, JP-A-63-  163452,
JP-A-62-153853 and JP-A-63-146029, may be used.         Furthermore, compounds capable of
generating an acid by the effect of light described, for example, in U.S. Patent 3,779,778 and
European Patent 126.712 may also be used.         Out of the compounds capable of generating an
acid upon irradiation with an actinic ray or radiation, preferred are the compounds represented by the
following formulae (Z1), (ZII) and (ZIII): R201 X-R204 ZI In formula (ZI), each of R2015 R202 and
R203 ndependently represents an organic group.         X- represents a non-nucleophilic anion, and
preferred examples thereof include sulfonate anion, carboxylate anion, bis(alkylsulfonypamide anion,
tris(alkylsulfonyl)methide anion, 8E4-, PF6" and SbFo". The anion is preferably an organic anion
containing a carbon atom. 



The preferred organic anion includes organic anions represented by the following formulae: Rc1-S03 8
Rc1-0O2 0 Rc3S02 (r) Rc3S02 Rc4S02-1 (r) Rc5S02  In the formulae, Re, represents an organic
group.         The organic group of Re, includes an organic group having a carbon number of I to 30,
and preferred examples thereof include an alkyl group which may be substituted, an aryl group which
may be substituted, and a group where a plurality of these groups are connected through a single
bond or a linking group such as -0-, -0O2-, -S-, -S03- and -502N(Rd1)- Rd, represents a hydrogen
atom or an alkyl group.         Each of Rc3, Rc4 and Res independently represents an organic group.
Preferred organic groups of Rc2" Rc4 and Rcs are the same as preferred organic groups in Re,. The
organic group is most preferably a perfluoroalkyl group having a carbon number of 1 to 4.          Rc3
and Rc4 may combine to form a ring. The group formed by combining Res, and Re4 includes an
alkylene group and an arylene group, and a perfiuoroalkylene group having a carbon number of 2 to 4
is preferred.         The organic group of Rel and Re3 to Res is particularly preferably an alkyl group
with the -position being substituted by a fluorine atom or a fluoroalkyl group, or a phenyl group
substituted by a fluorine atom or a fluoroalkyl group. By virtue of having a fluorine atom or a fluoroalkyl
group, the acidity of the acid generated upon irradiation with light is raised and the sensitivity is
enhanced. Also, when Re] and Re4 are combined to form a ring, the acidity of the acid generated
upon irradiation with light is raised and the sensitivity is enhanced.         The carbon number of the
organic group as Rau, R202 and R203 is generally from 1 to 30, preferably from I to 20.         Two
members out of R201 to R203 may combine to form a ring structure, and the ring may contain an
oxygen atom, a sulfur atom, an ester bond, an amide bond or a carbonyl group. Examples of the group
formed by combining two members out of R201 to R203 include an alkylene group (e.g., butylene,
pentylene).         Specific examples of the organic group as R2011 R202 and R203 include
corresponding groups in the compounds (ZI-1), (ZI-2) and (Z1-3) which are described later. 



The compound may be a compound having a plurality of structures represented by formula (ZI). For
example, the compound may be a compound having a structure where at least one of R20[ to R203 in
the compound represented by formula (ZI) is bonded to at least one of R201 to R203 in another
compound represented by formula (ZI).         The component (ZI) is more preferably a compound
(ZI-1), (ZI-2) or (ZI-3) described below.         The compound (ZI-1) is an arylsulfonium compound
where at least one of R201 to R203 in folinula (ZI) is an aryl group, that is, a compound having an
arylsulfonium as the cation.         In the arylsulfonium compound, R201 to R203 all may be an aryl
group or a part of R201 to R203 may be an aryl group with the remaining being an alkyl group or a
cycloalkyl group.         Examples of the arylsulfonium compound include a triarylsulfonium compound,
a diarylalkylsulfonium compound, an aryldialkylsulfonium compound, a diarylcycloalkylsulfonium
compound and an aryldicycloalkylsulfonium compound.         The aryl group in the arylsulfonium
compound is preferably an aryl group such as phenyl group and naphthyl group, or a heteroaryl group
such as indole residue and pyrrole residue, more preferably a phenyl group or an indole residue. In the
case where the  arylsulfonium compound has two or more aryl groups, these two or more aryl groups
may be the same or different.        The alkyl group which is present, if desired, in the arylsulfonium
compound is preferably a linear or branched alkyl group having a carbon number of 1 to 15, and
examples thereof include a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-butyl
group and a tert-butyl group.        The cycloalkyl group which is present, if desired, in the arylsulfonium
compound is preferably a cycloalkyl group having a carbon number of 3 to 15, and examples thereof
include a cyclopropyl group, a cyclobutyl group and a cyclohexyl group.         The aryl group, alkyl
group and cycloalkyl group of R201 to R203 each may have, as the substituent, an alkyl group (for
example, an alkyl group having a carbon number of I to 15), a cycloalkyl group (for example, a
cycloalkyl group having a carbon number of 3 to 15), an aryl group (for example, an aryl group having
a carbon number of 6 to 14), an alkoxy group (for example, an alkoxy group having a carbon number
of 1 to 15), a halogen atom, a hydroxyl group or a phenylthio group. The substituent is preferably a
linear or branched alkyl group having a carbon number of 1 to 12, a cycloalkyl group having a carbon
number of 3 to 12, or a linear, branched or cyclic alkoxy group having a carbon number of 1 to 12,
more preferably an alkyl group having a carbon number of 1 to 4 or an alkoxy group having a carbon
number of 1 to 4. The substituent may be substituted to any one of three members R201 TO R203 or
may be substituted to all of these three members. In the case where R201 to R203 are an aryl group,
the substituent is preferably substituted at the p-position of the aryl group.         The compound (Z1-2)
is described below. The compound (Z1-2) is a compound where each of R201 to R203 in formula (ZI)
independently represents an aromatic ring-free organic group. The aromatic ring as used herein
includes an aromatic ring containing a heteroatom.         The aromatic ring-free organic group as R201
to R203 generally has a carbon number of 1 to 30, preferably from 1 to 20.         Each of R201 to R203
is independently preferably an alkyl group, a cycloalkyl group, an allyl group or a vinyl group, more
preferably a linear, branched or cyclic 2-oxoalkyl group or an alkoxycarbonylmethyl group, still more
preferably a linear or branched 2-oxoalkyl group.         The alkyl group as R201 to R203 may be either
linear or branched and includes a linear or branched alkyl group preferably having a carbon number of
1 to 10 (e.g., methyl, ethyl, propyl, butyl, pentyl). The alkyl group as R201 to R203 is preferably a
linear or branched 2- oxoalkyl group or an alkoxycarbonylmethyl group.          The cycloalkyl group as
R201 to R203 includes a cycloalkyl group preferably having a carbon number of 3 to 10 (e.g.,
cyclopentyl, cyclohexyl, norbomyl). The cycloalkyl group as R201 to R203 is preferably a cyclic
2-oxoalkyl group. 



The linear, branched or cyclic 2-oxoalkyl group as R201 to R203 is preferably a group having >C=0 at
the 2-position of the above-described alkyl or cycloalkyl group.         The alkoxy group in the
alkoxycarbonylmethyl group as R201 to R203 includes an alkoxy group preferably having a carbon
number of 1 to 5 (e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy).           R201 to R203 each may be
further substituted by a halogen atom, an alkoxy group (for example, an alkoxy group having a carbon
number of 1 to 5), a hydroxyl group, a cyano group or a nitro group.         The compound (ZI-3) is a
compound represented by the following formula (ZI-3), and this is a compound having a
phenacylsulfonium salt structure.    R4c         In formula formula (ZI-3), each of RI, to R5c
independently represents a hydrogen atom, an alkyl group, a cycloalkyl group, an alkoxy group or a
halogen atom.         Each of R6, and R20 independently represents a hydrogen atom, an alkyl group or
a cycloalkyl group.         Each of Rx and Ry independently represents an alkyl group, a cycloalkyl
group, an allyl group or a vinyl group.         Any two or more members out of RL, to R7,, and a pair of
Rx and Ry, may combine with each other to form a ring structure, respectively, and the ring structure
may contain an oxygen atom, a sulfur atom, an ester bond or an amide bond. Examples of the group
formed by combining any two or more members out of RI, to R7c. or a pair of R" and Ry include a
butylene group and a pentylene group.         X- represents a non-nucleophilic anion, and examples
thereof are the same as those of the non-nucleophilic anion of X- in formula (ZI).         The alkyl group
as RI, to R70 may be linear or branched and includes, for example, a linear or branched alkyl group
having a carbon number of 1 to 20, preferably a linear or branched alkyl group having a carbon
number of 1 to 12 (such as methyl group, ethyl group,  linear or branched propyl group, linear or
branched butyl group and linear or branched pentyl group).         The cycloalkyl group as RI, to R7c
includes a cycloalkyl group preferably having a carbon number of 3 to 8 (e.g., cyclopentyl, cyclohexyl). 



The alkoxy group as RI, to R5c may be linear, branched or cyclic and includes, for example, an alkoxy
group having a carbon number of 1 to 10, preferably a linear or branched alkoxy group having a
carbon number of 1 to 5 (such as methoxy group, ethoxy group, linear or branched propoxy group,
linear or branched butoxy group and linear or branched pentoxy group), and a cyclic alkoxy group
having a carbon number of 3 to 8 (e.g., cyclopentyloxy, cyclohexyloxy).         A compound where any
one of RI, to R50 is a linear or branched alkyl group, a cycloalkyl group or a linear, branched or cyclic
alkoxy group is preferred, and a compound where the sum of carbon numbers of RI, to R50 is from 2
to 15 is more preferred. Thanks to this construction, the solubility in a solvent is more enhanced and
generation of particles during storage is suppressed.         The alkyl group as R, and Ry is the same as
the alkyl group of RI, to R7c. The alkyl group as R, and Ry is preferably a linear or branched
2-oxoalkyl group or an alkoxycarbonylmethyl group.         The cycloalkyl group as Rx and Ry is the
same as the cycloalkyl group of RI, to R70. The cycloalkyl group as Rx and Ry is preferably a cyclic
2-oxoalkyl group.         The linear, branched or cyclic 2-oxoalkyl group includes a group having >C=0
at the 2-position of the alkyl group or cycloalkyl group of R10 to R70.         The alkoxy group in the
alkoxycarbonylmethyl group is the same as the alkoxy group of RI, to Ric.           and Ry each is
preferably an alkyl group having a carbon number of 4 or more, more preferably 6 or more, still more
preferably 8 or more.         In formulae (ZII) and (ZIII), each of R204 to R207 independently represents
an aryl group, an alkyl group or a cycloalkyl group.         The aryl group of R204 to R207 is preferably a
phenyl group or a naphthyl group, more preferably a phenyl group.         The alkyl group as R204 to
R207 may be linear or branched and includes a linear or branched alkyl group preferably having a
carbon number of 1 to 10 (e.g., methyl, ethyl, propyl, butyl, pentyl).         The cycloalkyl group as R204
to R707 includes a cycloalkyl group preferably having a carbon number of 3 to 10 (e.g., cyclopentyl,
cyclohexyl, norbomyl). R204 to R207 each may have a substituent. Examples of the substituent which
R204 to  R207 each may have include an alkyl group (for example, an alkyl group having a carbon
number of I to 15), a cycloalkyl group (for example, a cycloalkyl group having a carbon number of 3 to
15), an aryl group (for example, an aryl group having a carbon number of 6 to 15), an alkoxy group (for
example, an alkoxy group having a carbon number of 1 to 15), a halogen atom, a hydroxyl group and a
phenylthio group.         X- represents a non-nucleophilic anion and is the same as the non-nucleophilic
anion of X- in formula (71).         Out of the compounds capable of generating an acid upon irradiation
with an actinic ray or radiation, preferred compounds further include the compounds represented by
the following formulae (ZIV), (ZV) and (ZVI):                                                           SO2 Ar3 S02 S02
Ar4R208-302 O-N AR210R209 



ZIV In formulae (ZIV) to (ZVI), each of Ar; and Ar4 independently represents an aryl group. R208
represents an alkyl group or an aryl group.         Each of R709 and R210 independently represents an
alkyl group, an aryl group or an electron-withdrawing group. R208 is preferably an aryl group.
R209 is preferably an electron-withdrawing group, more preferably a cyano group or a fluoroalkyl
group. A represents an alkylene group, an alkenylene group or an arylene group.         The compound
capable of generating an acid upon irradiation with an actinic ray or radiation is preferably a compound
represented by any one of formulae (ZI) to (ZIII).         The compound (B) is preferably a compound
capable of generating a fluorine atom-containing aliphatic sulfonic acid or a fluorine atom-containing
benzenesulfonic acid upon irradiation with an actinic ray or radiation. The compound (B) preferably
has a triphenyisulfonium structure.         The compound (B) is preferably a triphenylsulfonium salt
compound having a fluorine-unsubstituted alkyl or cycloalkyl group in the cation moiety.
Particularly preferred examples out of the compounds capable of generating an acid upon irradiation
with an actinic ray or radiation are set forth below.     



(z50)(z51)    0's-C121-125 0 (z52)    F F F 9  s+ -03S HISN 3F F F\ (z63) F F F 9 -03s1 is NO F F F 6
(z64)  



F F F 9 -03s  I s 0 FFF0  (z65)(z66)  /C2F5 0:S:00N 0100 ITici 8 C-S-C2Fse c-s-c2F, S) o,s.to8a o,sro
ii8 e2F562F5  (z78)         One of these photo-acid generators may be used alone, or two or more kinds
thereof may be used in combination. In the case of using two or more kinds of photo-acid generators in
combination, compounds capable of generating two kinds of organic acids differing in the total atom
number except for hydrogen atom by 2 or more are preferably combined.        The content of the
photo-acid generator is preferably from 0.1 to 20 mass%, more preferably from 0.5 to 10 mass%, still
more preferably from 1 to 7 mass% based on the entire solid content of the resist composition. (C)
Solvent 



Examples of the solvent which can be used for dissolving respective components described above to
prepare a positive tone resist composition include an organic solvent such as alkylene glycol
monoalkyl ether carboxylate, alkylene glycol monoalkyl ether, alkyl lactate, alkyl alkoxypropionate,
cyclic lactone having a carbon number of 4 to 10, monoketone compound having a carbon number of
4 to 10 which may contain a ring, alkylene carbonate, alkyl alkoxyacetate and alkyl pyruvate.
Preferred examples of the alkylene glycol monoalkyl ether carboxylate include propylene glycol
monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glycol monopropyt
ether acetate, propylene glycol monobutyl ether acetate, propylene glycol monomethyl ether
propionate, propylene glycol monoethyl ether propionate, ethylene glycol monomethyl ether acetate
and ethylene glycol monoethyl ether acetate.         Preferred examples of the alkylene glycol monoalkyl
ether include propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol
monopropyl ether, propylene glycol monobutyl ether, ethylene glycol monomethyl ether and ethylene
glycol monoethyl ether.         Preferred examples of the alkyl lactate include methyl lactate, ethyl
lactate, propyl lactate and butyl lactate.         Preferred examples of the alkyl alkoxypropionate include
ethyl 3-etboxypropionate, methyl 3-methoxypropionate, methyl 3-ethoxypropionate and ethyl
3-methoxypropionate.         Preferred examples of the cyclic lactone having a carbon number of 4 to 10
include P-propiolactone, p-butyrolactone, y-butyrolactone, a-methyl-y-butyrolactone,
p-methyl-ybutyrolactone, y-valerolactone, Thcaprolactone, y-octanoic lactone and a-hydroxy-y-
butyrolactone.         Preferred examples of the monoketone compound having a carbon number of 4 to
10 which may contain a ring include 2-butanone, 3-methylbutanone, pinacolone, 2-pentanone, 3-
pentanone, 3-methyl-2-pentanone, 4-methyl-2-pentanone, 2-methyl-3-pentanone. 4.4-
dimethy1-2-pentanone, 2,4-d imethy1-3 -pentanone, 22.4.4-tetramethy1-3-pentanone. 2- hexanone,
3-hexanone, 5-methy1-3-hexanone, 2-heptanone. 3-heptanone, 4-heptanone, 2- methy1-3 -heptanon
e. 5-methyl -3-heptanone, 2.6-di methy1-4-heptanone, 2-octanone, 3 - octanone, 2-nonanone,
3-nonanone, 5-nonanone, 2-decanone, 3-decanone, 4-decanone, 5- hexen-2-one, 3-penten-2-one.
cyclopentanone, 2-methyl cyc I opentanone, 3- methylcyclopentanone. 2.2-dimethylcyclopentanone.
2.4,4-trimethylcyc1opentanone, cyclohexanone, 3-methylcyclohexanone, 4-methylcyclohexanone,
4-ethylcyclohexanone. 2.2- dimethylcyclohexanone, 2,6-dimethy1cyc1ohexanone,
2.2,6-trimethy1cyclohexanone, cycloheptanone, 2-methylcycloheptanone and
3-methylcycloheptanone.         Preferred examples of the alkylene carbonate include propylene
carbonate, vinylene carbonate, ethylene carbonate and butylene carbonate. Preferred examples of the
alkyl alkoxyacetate include 2-methoxyethyl acetate, 2- ethoxyethyl acetate, 2-(2-ethoxyethoxy)ethyl
acetate, 3-methoxy-3-methylbutyl acetate and 1- methoxy-2-propyl acetate.         Preferred examples
of the alkyl pyruvate include methyl pyruvate, ethyl pyruvate and propyl pyruvate.         The solvent
which can be preferably used is a solvent having a boiling point of 130C or more at ordinary
temperature under atmospheric pressure, and specific examples thereof include cyclopentanone,
y-butyrolactone, cyclohexanone, ethyl lactate, ethylene glycol monoethyl ether acetate, propylene
glycol monomethyl ether acetate, ethyl 3- ethoxypropionate, ethyl pyruvate, 2-ethoxyethyl acetate,
2-(2-ethoxyethoxy)ethyl acetate and propylene carbonate.         In the present invention, one of these
solvents may be used alone, or two or more kinds thereof may be used in combination. 



In the present invention, a mixed solvent prepared by mixing a solvent containing a hydroxyl group in
the structure and a solvent not containing a hydroxyl group may be used as the organic solvent.
Examples of the solvent containing a hydroxyl group include ethylene glycol, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, propylene glycol, propylene glycol monomethyl
ether, propylene glycol monoethyl ether and ethyl lactate. Among these, propylene glycol monomethyl
ether and ethyl lactate are preferred. Examples of the solvent not containing a hydroxyl group include
propylene glycol  monomethyl ether acetate, ethyl ethoxypropionate, 2-heptanone, y-butyrolactone,
cyclohexanone, butyl acetate, N-methylpyrrolidone, N.N-dimethylacetamide and dimethylsulfoxide.
Among these, propylene glycol monomethyl ether acetate, ethyl ethoxypropionate, 2-heptanone,
y-butyrolactone, cyclohexanone and butyl acetate are preferred, and propylene glycol monomethyl
ether acetate, ethyl ethoxypropionate and 2- heptanone are most preferred.         The mixing ratio (by
mass) between the solvent containing a hydroxyl group and the solvent not containing a hydroxyl
group is from 1/99 to 99/1, preferably from 10/90 to 90/10, more preferably from 20/80 to 60/40. A
mixed solvent in which the solvent not containing a hydroxyl group is contained in an amount of 50
mass% or more is preferred in view of coating uniformity.         The solvent is preferably a mixed
solvent of two or more kinds of solvents including propylene glycol monomethyl ether acetate.
The entire solid content concentration in the resist composition is generally from 1 to 10 mass%,
preferably from 1 to 8.0 mass%, more preferably from 1.0 to 6.0 mass%. (D) Resin having at least
either a fluorine atom or a silicon atom         The resist composition of the present invention preferably
contains (D) a resin having at least either a fluorine atom or a silicon atom.         In the resin (D), the
fluorine atom or silicon atom may be present in the main chain of the resin or may be substituted to the
side chain.         The resin (D) is preferably a resin having a fluorine atom-containing alkyl group, a
fluorine atom-containing cycloalkyl group or a fluorine atom-containing aryl group, as a fluorine
atom-containing partial structure.         The fluorine atom-containing alkyl group (preferably having a
carbon number of 1 to 10, more preferably from 1 to 4) is a linear or branched alkyl group with at least
one hydrogen atom being substituted by a fluorine atom and may further have another substituent.
The fluorine atom-containing cycloalkyl group is a monocyclic or polycyclic cycloalkyl group with at
least one hydrogen atom being substituted by a fluorine atom and may further have another
substituent.         The fluorine atom-containing aryl group is an aryl group (e.g., phenyl, naphthyl) with
at least one hydrogen atom being substituted by a fluorine atom and may further have another
substituent.         Specific examples of the fluorine atom-containing alkyl group, fluorine
atom-containing cycloalkyl group and fluorine atom-containing aryl group are set forth below, but the
present invention is not limited thereto. 



In formulae (ft) to (f3), each of R57 to R68 independently represents a hydrogen atom, a fluorine atom
or an alkyl group, provided that at least one of R57 to 125,, at least one of R62 to R64 and at least one
of R6,5 to R68 are a fluorine atom or an alkyl group (preferably having a carbon number of 1 to 4) with
at least one hydrogen atom being substituted by a fluorine atom. It is preferred that R57 to R6I and
R65 to R67 all are a fluorine atom. Each of R62, Rvs, and R68 is preferably an alkyl group (preferably
having a carbon number of I to 4) with at least one hydrogen atom being substituted by a fluorine
atom, more preferably a perfluoroalkyl group having a carbon number of 1 to 4. R62 and 1263 may
combine with each other to form a ring.         Specific examples of the group represented by formula
(H) include p-fluorophenyl group, pentafluorophenyl group and 3,5-di(trifluoromethyl)phenyt group.
Specific examples of the group represented by formula (12) include trifluoroethyl group,
pentafluoropropyl group, pentafluoroethyl group, heptafluorobutyl group, hexafluoroisopropyl group,
heptafluoroisopropyl group, hexafluoro(2-methypisopropyl group, nonafiuorobutyl group,
octafluoroisobutyl group, nonafluorohexyt group, nonafluoro-tertbutyl group, perfluoroisopentyl group,
perfluorooctyl group, perfluoro(trimethyphexyl group, 2,2,3,3-tetrafluorocyclobutyl group and
perfluorocyclohexyl group. Among these, hexafluoroisopropyt group, heptafluoroisopropyl group,
hexafluoro(2-methyl)isopropyl group, octafluoroisobutyl group, nonafluoro-tert-butyl group and
perfluoroisopentyt group are preferred, and hexafluoroisopropyl group and heptafluoroisopropyl group
are more preferred.         Specific examples of the group represented by formula (f3) include
-C(CF3)20H, - C(C2F5)20H, -C(CF3)(CF13)0II and -CH(CF3)0H, with -C(CF3)20H being preferred.
The resin (D) is preferably a resin having an alkylsilyl structure (preferably a trialkylsilyl group) or a
cyclic siloxane structure, as a silicon atom-containing partial structure.         Specific examples of the
alkylsily1 structure and cyclic siloxane structure include the groups represented by the following
formulae (CS-I) to (CS-3):  - si -R14 R 3  LA 'Si a 'No 1.r R15-81 .tSI -Rig R171Pie j n L5 



,R20 Si -0-Si 22- siI 01 R210 cR23 Ho ;Si 'R24 Si- 0-Si R2's R25  (CS -2)(CS-3)         In formulae
(CS-I) to (CS-3), each of R12 to R26 independently represents a linear or branched alkyl group
(preferably having a carbon number of 1 to 20) or a cycloalkyl group (preferably having a carbon
number of 3 to 20).         Each of L3 to L5 represents a single bond or a divalent linking group. The
divalent linking group is a sole group or a combination of two or more groups selected from the group
consisting of an alkylene group, a phenyl group, an ether group, a thioether group, a carbonyl group,
an ester group, an amide group, a urethane group and a urea group. n represents an integer of 1 to 5.
The resin (D) includes a resin containing at least one member selected from the group consisting of
repeating units represented by the following formulae (C-I) to (C-V):  



R1 R3R4 Re (-6-6 R2 LiRe R7 WI (C -I)(C- I I )   Ree Rei Re\ +-?(--S1-0-{-a-a  ' 11, I, L2Re0,, /0
NA/2n32nee (C- I I I)(C-- I V)(C-v)           In formulae (C-I) to (C-V), each of R1 to R3 independently
represents a hydrogen atom, a fluorine atom, a linear or branched alkyl group having a carbon number
of 1 to 4, or a linear or branched fluorinated alkyl group having a carbon number of I to 4.         Each of
W1 and W2 represents an organic group having at least either a fluorine atom or a silicon atom. 



Each RA to R7 independently represents a hydrogen atom, a fluorine atom, a linear or branched alkyl
group having a carbon number of 1 to 4, or a linear or branched fluorinated alkyl group having a
carbon number of 1 to 4, provided that at least one of R1 to R7 represents  a fluorine atom. R4 and
R5, or R6 and R7 may form a ring.          R8 represents a hydrogen atom or a linear or branched alkyl
group having a carbon number of 1 10 4.          R9 represents a linear or branched alkyl group having
a carbon number of I to 4, or a linear or branched fluorinated alkyl group having a carbon number of 1
to 4.         Each of L1 and L2 represents a single bond or a divalent linking group and is the same as
L3 to L5 above.         Q represents a monocyclic or polycyclic aliphatic group, that is, an atomic group
for forming an alicyclic structure, including the two bonded carbon atoms (C-C). Each of R30 and 1231
independently represents a hydrogen or fluorine atom.         Each of R32 and R33 independently
represents an alkyl group, a cycloalkyl group, a fluorinated alkyl group or a fluorinated cycloalkyl
group.         Here, the repeating unit represented by formula (C-V) has at least one fluorine atom in at
least one member out of R30, R31, R37 and R33.         The resin (D) preferably has a repeating unit
represented by formula (C-I), more preferably a repeating unit represented by any one of the following
formulae (C-Ia) to (C-Id):    ( C - I a )( C - I b(C- I c)C - I d )         In formulae (C-Ia) to (C-Id), each of
R1() and R1 represents a hydrogen atom, a fluorine atom, a linear or branched alkyl group having a
carbon number of I to 4, or a linear or branched fluorinated alkyl group having a carbon number of 1 to
4.         Each of W3 to W6 represents an organic group having one or more atoms of at least either a
fluorine atom or a silicon atom. 



When WI to W6 are an organic group having a fluorine atom, the organic group is preferably a
fluorinated linear or branched alkyl group or cycloalkyl group having a carbon number of I to 20, or a
fluorinated linear, branched or cyclic alkyl ether group having a carbon number of 1 to 20.
Examples of the fluorinated alkyl group of WI to W6 include a trifluoroethyl group, a pentafluoropropyl
group, a hexafluoroisopropyl group, a hexafluoro(2-methyl)isopropyl group, a heptafluorobutyl group, a
heptafluoroisopropyl group, an octafluoroisobutyl group, a  nonafluorohexyl group, a
nonafluoro-tert-butyl group, a perfluoroisopentyl group, a perfluorooctyl group and a
perfluoro(trimethyl)hexyl group.         When WI to W6 are an organic group having a silicon atom, the
organic group preferably has an alkylsilyl structure or a cyclic siloxane structure. Specific examples
thereof include the groups represented by formulae (CS-I) to (CS-3).         Specific examples of the
repeating unit represented by formula (C-I) are set forth below. X represents a hydrogen atom, -CH3,
-F or -CF3.    CH2 CH ? 0 0H2-CH) 6 F3CCF3   
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( CH2\ C / / 0.,,,,...,?0 i Si\yR   I ---,51-0-Si 0, i'Si=2:1i R / ---10 0 Si-O-Si-    ? R=CH3, C2H5, 03H7,
04H9 The resin (D) is preferably any one resin selected from the following (D-1) to (D-6): 



(D-1) a resin containing (a) a repeating unit having a fluoroalkyl group (preferably haying a carbon
number of 1 to 4), more preferably a resin containing only the repeating unit (a),         (D-2) a resin
containing (b) a repeating unit haying a trialkylsilyl group or a cyclic siloxane structure, more preferably
a resin containing only the repeating unit (b),         (D-3) a resin containing (a) a repeating unit haying a
fluoroalkyl group (preferably haying a carbon number of 1 to 4) and (c) a repeating unit having a
branched alkyl group (preferably haying a carbon number of 4 to 20), a cycloalkyl group (preferably
haying a carbon number of 4 to 20), a branched alkenyl group (preferably having a carbon number of 4
to 20), a cycloalkenyl group (preferably having a carbon number of 4 to 20) or an aryl group
(preferably having a carbon number of 4 to 20), more preferably a copolymerization resin of the
repeating unit (a) and the repeating unit (c),         (D-4) a resin containing (b) a repeating unit having a
trialkylsilyl group or a cyclic siloxane structure and (c) a repeating unit having a branched alkyl group
(preferably having a carbon number of 4 to 20), a cycloalkyl group (preferably having a carbon number
of 4 to 20), a branched alkenyl group (preferably having a carbon number of 4 to 20), a cycloalkenyl
group (preferably having a carbon number of 4 to 20) or an aryl group (preferably having a carbon
number of 4 to 20), more preferably a copolymerization resin of the repeating unit (b) and the
repeating unit (c),         (D-5) a resin containing (a) a repeating unit having a fluoroalkyl group
(preferably having a carbon number of 1 to 4) and (b) a repeating unit having a trialkylsily1 group or a
cyclic siloxane structure, more preferably a copolymerization resin of the repeating unit (a) and the
repeating unit (b), and         (D-6) a resin containing (a) a repeating unit having a fluoroalkyl group
(preferably having a carbon number of 1 to 4), (b) a repeating unit having a trialkylsilyl group or a cyclic
siloxane structure. and (c) a repeating unit having a branched alkyl group (preferably having a carbon
number of 4 to 20), a cycloalkyl group (preferably having a carbon number of 4 to 20), a branched
alkenyl group (preferably having a carbon number of 4 to 20), a cycloalkenyl group (preferably having
a carbon number of 4 to 20) or an aryl group (preferably having a carbon number of 4 to 20), more
preferably a copolymerization resin of the repeating unit (a), the repeating unit (b) and the repeating
unit (c).         As for the repeating unit (c) having a branched alkyl group, a cycloalkyl group, a
branched alkenyl group, a cycloalkenyl group or an aryl group in the resins (D-3), (D-4) and (D-6), an
appropriate functional group can be introduced considering the hydrophilicity/hydrophobicity,
interaction and the like, but in view of followability of immersion liquid or receding contact angle, a
functional group having no polar group is preferred.         In the resins (D-3), (D-4) and (D-6), the
content of the repeating unit (a) having a fluoroalkyl group and/or the repeating unit (b) having a
trialkylsilyl group or a cyclic silexane structure is preferably from 20 to 99 mot%.         The resin (D) is
preferably a resin having a repeating unit represented by the following formula (Ia):  iRf H2C-R   or
HR2 Ri 



In formula (Ia), Rf represents a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom. RI represents an alkyl group. R2 represents a hydrogen atom or an
alkyl group.         In formula (14 the alkyl group with at least one hydrogen atom being substituted by a
fluorine atom of Rf is preferably an alkyl group having a carbon number of 1 to 3, more preferably a
trifluoromethyl group.         The alkyl group of R[ is preferably a linear or branched alkyl group having a
carbon number of 3 to 10, more preferably a branched alkyl group having a carbon number of 3 to 10.
R2 is preferably a linear or branched alkyl group having a carbon number of 1 to 10, more preferably a
linear or branched alkyl group having a carbon number of 3 to 10.         Specific examples of the
repeating unit represented by formula (Ia) are set forth below, but the present invention is not limited
thereto. X=F or CF3   63          The repeating unit represented by formula (Ia) can be formed by
polymerizing a compound represented by the following formula (I): Rf  



In formula (I), Rf represents a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom. RI represents an alkyl group. R2 represents a hydrogen atom or an
alkyl group. Rf, RI and R2 in formula (I) have the same meanings as Rf, 121 and R2 in formula (Ia).
The compound represented by formula (I) is a novel compound.         As for the compound
represented by formula (I), a commercially available product or a compound synthesized may be used.
In the case of synthesizing the compound, this can be attained by converting a 2-trifluoromethyl
methacrylic acid into an acid chloride and then esterifying the acid chloride.         The resin (D)
containing a repeating unit represented by formula (la) preferably further contains a repeating unit
represented by the following formula (III): CH2 CH-- I          In formula (III), R. represents an alkyl
group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group, a trialkylsilyl group or a group having
a cyclic siloxane structure. L6 represents a single bond or a divalent linking group.         In formula (III),
the alkyl group of R4 is preferably a linear or branched alkyl group having a carbon number of 3 to 20.
The cycloalkyl group is preferably a cycloalkyl group having a carbon number of 3 to 20.  



The alkenyl group is preferably an alkenyl group having a carbon number of 3 to 20. The cycloalkenyl
group is preferably a cycloalkenyl group having a carbon number of 3 to 20. The trialkylsilyl group is
preferably a trialkylsilyl group having a carbon number of 3 to 20.         The group having a cyclic
siloxane structure is preferably a group containing a cyclic siloxane structure having a carbon number
of 3 to 20.         The divalent linking group of L6 is preferably an alkylene group (preferably having a
carbon number of I to 5) or an oxy group.         Specific examples of the resin (D) having a repeating
unit represented by formula (la) are set forth below, but the present invention is not limited thereto.
CH2-01CH2-0i 4. 0 00 0 \)  cF39F3 fcl-12-61cH2-c-)-H2-C; I) 91-12cH2 o o yrs 
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1.n(             The resin (D) is preferably a resin containing a repeating unit represented by the following
formula (II) and a repeating unit represented by the following formula (III): Rf C -C CH2 C I ift 0L6  In
formulae (II) andRf represents a fluorine atom or an alkyl group with at least one hydrogen atom being
substituted by a fluorine atom. R3 represents an alkyl group, a cycloalkyl group, an alkenyl group, a
cycloalkenyl  group, or a group formed by combining two or more members thereof.          R4
represents an alkyl group, a cycloalkyl group, an alkenyl group, a cycloalkenyl group, a trialkylsily1
group, a group having a cyclic siloxane structure, or a group formed by combining two or more
members thereof 



In the alkyl group, cycloalkyl group, alkenyl group, cycloalkenyl group and trialkylsilyl group of R3 and
R4, a functional group can be introduced but in view of followability of immersion liquid, a functional
group having no polar group is preferred, and an unsubstituted functional group is more preferred. L6
represents a single bond or a divalent linking group. 0<m<100. 0<n<100. In formula (II), Rf has the
same meaning as Rf in formula (la).         The alkyl group of R3 is preferably a linear or branched alkyl
group having a carbon number of 3 to 20. The cycloalkyl group is preferably a cycloalkyl group having
a carbon number of 3 to 20.     The alkenyl group is preferably an alkenyl group having a carbon
number of 3 to 20. The cycloalkenyl group is preferably a cycloalkenyl group having a carbon number
of 3 to 20. L6 is preferably a single bond, a methylene group, an ethylene group or an ether group.
m and n are preferably from 30 to 70 and from 30 to 70, respectively, more preferably from 40 to 60
and from 40 to 60, respectively.         Specific examples of the resin (D) containing a repeating unit
represented by formula (II) and a repeating unit represented by formula (III) are set forth below, but the
present invention is not limited thereto. cF3 cH21 00 CH2-CH+ 



CH2 -Si- cF3cF, cH2-9cH2-9l+cH2-c c ocH2 A   CF3 ij- CH2 CH ) 0 0-Si- CF3CF3 fCH2-C-}
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The resin (D) may contain a repeating unit represented by the following formula          In formula (VIII),
Z2 represents -0- or -N(Rn)- R.1) represents a hydrogen atom, an alkyl group or -0S02-1242. R42
represents an alkyl group, a cycloalkyl group or a camphor residue. The alkyl group of R.41 and R42
may be substituted by a halogen atom (preferably fluorine atom) or the like. The resin (D) is preferably
solid at ordinary temperature (25C). Furthermore, the  glass transition temperature (Tg) is preferably
from 50 to 200C, more preferably from 80 to 160C. When the resin is solid at 25C, this means that the
melting point is 25C or more.        The glass transition temperature (Tg) can be measured by a
scanning calorimeter (Differential Scanning Calorimeter). For example, the glass transition
temperature can be measured by once heating and then cooling the sample, again raising the
temperature at 5C/min, and analyzing the value when the specific volume is changed. The resin (D) is
preferably stable to an acid and insoluble in an alkali developer.         In view of followability of
immersion liquid, the resin (D) preferably contains none of (x) an alkali-soluble group, (y) a group
capable of decomposing by the action of an alkali (alkali developer) to increase the solubility in an
alkali developer, and (z) a group capable of decomposing by the action of an acid to increase the
solubility in a developer.         In the resin (D), the total amount of repeating units having an
alkali-soluble group or a group whose solubility in a developer increases by the action of an acid or
alkali is preferably 20 mot% or less, more preferably from 0 to 10 mol%, still more preferably from 0 to
5 mol%, based on all repeating units constituting the resin (D).         Also, unlike a surfactant generally
used for resists, the resin (D) does not have an ionic bond or a hydrophilic group such as
(poly(oxyalkylene)) group. If the resin (D) contains a hydrophilic polar group, the followability of
immersion water tends to decrease. Therefore, it is more preferred not to contain a polar group
selected from a hydroxyl group, alkylene glycols and a sulfone group. Furthermore, an ether group
bonded to the carbon atom of the main chain through a linking group is preferably not contained
because the hydrophilicity increases and the followability of immersion liquid deteriorates. On the other
hand, an ether group bonded directly to the carbon atom of the main chain as in formula (III) can
sometimes express activity as a hydrophobic group and is preferred.         Examples of the
alkali-soluble group (x) include groups having a phenolic hydroxyl group, a carboxylic acid group, a
fluorinated alcohol group, a sulfonic acid group, a sulfonamide group, a sulfonylimide group, an
(alkylsulfonyl)(alkylcarbonyl)methylene group, an (alkylsulfonyl)(alkylcarbonyl)imide group, a
bis(alkylcarbonyl)methylene group, a bis(alkylcarbonyt)imide group, a bis(alkylsulfonyl)methylene
group, a bis(alkylsulfonypimidegroup,atris(alkylcarbonyl)methylenegroupora
tris(alkylsulfonyl)methylene group. 



Examples of the group (y) capable of decomposing by the action of an alkali (alkali developer) to
increase the solubility in an alkali developer include a lactone group, an ester group, a sulfonamide
group, an acid anhydride and an acid imide group. Examples of the group (z) capable of decomposing
by the action of an acid to  increase the solubility in a developer include the same groups as those of
the acid-decomposable group in the acid-decomposable resin (A). However, the repeating unit
represented by the following foiiula (pA-c) is not or scarcely decomposed by the action of an acid as
compared with the acid-decomposable group of the resin (A) and is regarded as substantially
non-acid-decomposable. I CH 2 CF3 0 0         RP2 (pA-c)         In formula (pA-c), Rp2 represents a
hydrocarbon group having a tertiary carbon atom bonded to the oxygen atom in the formula.         In
the case where the resin (D) contains a silicon atom, the silicon atom content is preferably from 2 to 50
mass%, more preferably from 2 to 30 mass%, based on the molecular weight of the resin (D). Also,
the silicon atom-containing repeating unit preferably occupies from 10 to 100 mass%, more preferably
from 20 to 100 mass%, in the resin (D).         In the case where the resin (D) contains a fluorine atom,
the fluorine atom content is preferably from 5 to 80 mass%, more preferably from 10 to 80 mass%,
based on the molecular weight of the resin (D). Also, the fluorine atom-containing repeating unit
preferably occupies from 10 to 100 mass%, more preferably from 30 to 100 mass%, in the resin (D).
The standard polystyrene-reduced weight average molecular of the resin (D) is preferably from 1,000
to 100,000, more preferably from 1,000 to 50,000, still more preferably from 2,000 to 15,000, yet still
more preferably from 3,000 to 15,000.         The residual monomer amount in the resin (D) is
preferably from 0 to 10 mass%, more preferably from 0 to 5 mass%, still more preferably from 0 to 1
mass%. Also, in view of the resolution, resist profile, and side wall, roughness or the like of the resist
pattern, the molecular weight distribution (Mw/Mn, also called dispersity) is preferably from 1 to 5,
more preferably from Ito 3, still more preferably from Ito 1.5.         The amount added of the resin (D) in
the resist composition is preferably from 0.1 to 20 mass%, more preferably from 0.1 to 10 mass% still
more preferably from 0.1 to 5 mass%, even still more preferably from 0.2 to 3.0 mass%, yet even still
more preferably from 0.3 to 2.0 mass%, based on the entire solid content of the resist composition.
In the resin (D), similarly to the acid-decomposable resin (A), impurities such as metal are of course
little contained and as well, the content of residual monomers or oligomer components is preferably
not more than a specific value, for example, 0.1 mass% by HPLC. By satisfying these conditions, not
only the resist can be improved in the sensitivity, resolution, process stability, pattern profile and the
like but also a resist free from extraneous substances in liquid or change with aging in the sensitivity
and the like can be obtained. 



As for the resin (D), various commercially available products may be used or the resin may be
synthesize by an ordinary method (for example, radical polymerization)). Examples of the synthesis
method in general include a batch polymerization method of dissolving monomer species and an
initiator in a solvent and heating the solution, thereby effecting the polymerization, and a dropping
polymerization method of adding dropwise a solution containing monomer species and an initiator to a
heated solvent over 1 to 10 hours. A dropping polymerization method is preferred. Examples of the
reaction solvent include tetrahydrofuran, 1,4-dioxane, ethers such as diisopropyl ether, ketones such
as methyl ethyl ketone and methyl isobutyl ketone, an ester solvent such as ethyl acetate, an amide
solvent such as dimethylformamide and dimethylacetamide, and the later-described solvent capable of
dissolving the composition of the present invention, such as propylene glycol monomethyl ether
acetate, propylene glycol monomethyl ether and cyclohexanone. The polymerization is more
preferably performed using the same solvent as the solvent used in the resist composition of the
present invention. By the use of this solvent, generation of particles during storage can be suppressed.
The polymerization reaction is preferably performed in an inert gas atmosphere such as nitrogen and
argon. As for the polymerization initiator, the polymerization is started using a commercially available
radical initiator (e.g., azo-based initiator, peroxide). The radical initiator is preferably an azo-based
initiator, and an azo-based initiator having an ester group, a cyano group or a carboxyl group is
preferred. Preferred examples of the initiator include azobisisobutyronitrile, azobisdimethylvaleronitrile
and dimethyl 2,2t-azobis(2- methylpropionate). A chain transfer agent may also be used, if desired.
The reaction concentration is usually from 5 to 50 mass%, preferably from 20 to 50 mass%, more
preferably from 30 to 50 mass%, and the reaction temperature is usually from 10 to 150C, preferably
from 30 to 120C, more preferably from 60 to 100C.         After the completion of reaction, the reaction
product is allowed to cool to room temperature and purified. The purification may be performed by a
normal method, for example, a liquid-liquid extraction method of combining water washing with an
appropriate solvent to remove residual monomers or oligomer components; a purification method in a
solution sate, such as ultrafiltration of extracting and removing only polymers having a  molecular
weight lower than a specific molecular weight; a reprecipitation method of adding dropwise the resin
solution in a poor solvent to solidify the resin in the poor solvent and thereby remove residual
monomers and the like; or a purification method in a solid state, such as washing of the resin slurry
with a poor solvent after separation by filtration. For example, the resin is precipitated as a solid
through contact with a solvent in which the resin is sparingly soluble or insoluble (poor solvent) and
which is in a volume amount of 10 times or less, preferably from 10 to 5 times, the reaction solution.
The solvent used at the operation of precipitation or reprecipitation from the polymer solution
(precipitation or reprecipitation solvent) may be sufficient if it is a poor solvent for the polymer, and the
solvent used may be appropriately selected according to the kind of the polymer from, for example, a
hydrocarbon (an aliphatic hydrocarbon such as pentane, hexane, heptane and octane; an alicyclic
hydrocarbon such as cyclohexane and methylcyclohexane; and an aromatic hydrocarbon such as
benzene, toluene and xylene), a halogenated hydrocarbon (a halogenated aliphatic hydrocarbon such
as methylene chloride, chloroform and carbon tetrachloride; and a halogenated aromatic hydrocarbon
such as chlorobenzene and dichlorobenzene), a nitro compound (e.g., nitromethane, nitroethane), a
nitrile (e.g., acetonitrile, benzonitrile), an ether (a chain ether such as diethyl ether, diisopropyl ether
and dimethoxyethane: and a cyclic ether such as tetrahydrofuran and dioxane), a ketone (e.g.,
acetone, methyl ethyl ketone, diisobutyl ketone), an ester (e.g., ethyl acetate, butyl acetate), a
carbonate (e.g., dimethyl carbonate, diethyl carbonate, ethylene carbonate, propylene carbonate), an
alcohol (e.g., methanol, ethanol, propanol, isopropyl alcohol, butanol), a carboxylic acid (e.g., acetic
acid), water, and a mixed solvent containing such a solvent.        Among these, the precipitation or
reprecipitation solvent is preferably a solvent containing at least an alcohol (particularly methanol or
the like) or water. In such a solvent containing at least a hydrocarbon, the ratio of the alcohol
(particularly methanol or the like) to other solvents (for example, an ester such as ethyl acetate, and
ethers such as tetrahydrofuran) is approximately, for example, the former/the latter (volume ratio, at
25C) = from 10/90 to 99/1, preferably the former/the latter (volume ratio, at 25C) = from 30/70 to 98/2,
more preferably the former/the latter (volume ratio, at 25C) = from 50/50 to 97/3.        The amount of
the precipitation or reprecipitation solvent used may be appropriately selected by taking into account
the efficiency, yield and the like, but in general, the amount used is from 100 to 10,000 parts by mass,
preferably from 200 to 2,000 parts by mass, more preferably from 300 to 1,000 parts by mass, per 100
parts by mass of the polymer solution.        The nozzle bore diameter at the time of feeding the
polymer solution into a precipitation or reprecipitation solvent (poor solvent) is preferably 4 mmO or
less (for example, from 0.2 to 4 mmO), and the feeding rate (dropping rate) of the polymer solution
into the poor solvent is, for example, in tenis of the linear velocity, from 0.1 to 10 m/sec, preferably on
the order of 0.3 to 5 m/sec.         The precipitation or reprecipitation operation is preferably performed
under stirring. Examples of the stirring blade which can be used for stirring include a disc turbine, a fan
turbine (including paddle), a curved vane turbine; a feathering turbine, a Pfaudler type, a bull margin
type, an angled vane fan turbine, a propeller, a multistage type, an anchor type (or horseshoe type), a
gate type, a double ribbon and a screw. The stirring is preferably further performed for 10 minutes or
more, more preferably 20 minutes or more, after the completion of feeding of the polymer solution. If
the stirring time is short, the monomer content in the polymer particle may not be sufficiently reduced.
The mixing and stirring of the polymer solution and the poor solvent may also be performed using a
line mixer instead of the stirring blade.         The temperature at the precipitation or reprecipitation may
be appropriately selected by taking into account the efficiency or operability, but the temperature is
usually on the order of 0 to 50C, preferably in the vicinity of room temperature (for example,
approximately from 20 to 35C). The precipitation or reprecipitation operation may be performed using
a commonly employed mixing vessel such as stirring tank according to a known method such as batch
system and continuous system.         The precipitated or reprecipitated particulate polymer is usually
subjected to commonly employed solid-liquid separation such as filtration and centrifugation, then
dried and used. The filtration is performed using a solvent-resistant filter element preferably under
pressure. The drying is performed under atmospheric pressure or reduced pressure (preferably under
reduced pressure) at a temperature of approximately from 30 to 100C, preferably on the order of 30 to
50C.         Incidentally, after the resin is once precipitated and separated, the resin may be again
dissolved in a solvent and then put into contact with a solvent in which the resin is sparingly soluble or
insoluble.         More specifically, there may be used a method comprising, after the completion of
radical polymerization reaction, precipitating a resin by bringing the polymer into contact with a solvent
in which the polymer is sparingly soluble or insoluble (step a), separating the resin from the solution
(step b), anew dissolving the resin in a solvent to prepare a resin solution A (step c), precipitating a
resin solid by bringing the resin solution A into contact with a solvent in which the resin is sparingly
soluble or insoluble and which is in a volume amount of less than 10 times (preferably a volume
amount of 5 times or less) the resin solution A (step d), and separating the precipitated resin (step e). 



As for the solvent used at the preparation of the resin solution A. a solvent similar to  the solvent used
for dissolving the monomer at the polymerization reaction may be used, and the solvent may be the
same as or different from the solvent used at the polymerization reaction. (E) Basic compound       The
resist composition of the present invention preferably contains (E) a basic compound for reducing the
change of performance with aging from exposure to heating.       Preferred examples of the basic
compound include compounds having a structure represented by any one of the following formulae (A)
to (E):    In formulae (A) to (E), each of R200, R201 and p202                                               x which
may be the same or different represents a hydrogen atom, an alkyl group (preferably having a carbon
number of 1 to 20), a cycloalkyl group (preferably having a carbon number of 3 to 20) or an aryl group
(having a carbon number of 6 to 20), and R201and n K202 may combine with each other to form a
ring.       As for the alkyl group, the alkyl group having a substituent is preferably an aminoalkyl group
having a carbon number of 1 to 20, a hydroxyalkyl group having a carbon number of 1 to 20, or a
cyanoalkyl group having a carbon number of 1 to 20. 204R" R205 and R206 Each of R203,which may
be the same or different represents an alkyl group having a carbon number of 1 to 20. The alkyl group
in these formulae (A) and (E.') is more preferably unsubstituted.       Preferred examples of the
compound include guanidine, aminopyrrolidine, pyrazole, pyrazoline, piperazine, aminomorpholine,
aminoalkylmorpholine and piperidine. More preferred examples of the compound include a compound
having an imidazole structure, a diazabicyclo structure, an onium hydroxide structure, an onium
carboxylate structure, a trialkylamine structure, an aniline structure or a pyridine structure; an
alkylamine derivative having a hydroxyl group and/or an ether bond; and an aniline derivative having a
hydroxyl group and/or an ether bond. 



Examples of the compound having an imidazole structure include imidazole 2,4,5- triphenylimidazole
and benzimidazole Examples of the compound having a diazabicyclo structure include
1,4-diazabicyclo[2,2,2]octane, 1,5-diazabicyclo[4,3,0]non-5-ene and 1,8-
diazabicyclo[5,4,0]undec-7-ene. Examples of the compound having an onium hydroxide structure
include triarylsulfonium hydroxide, phenacylsulfonium hydroxide and sulfonium hydroxide having a
2-oxoalkyl group, specifically, triphenylsulfonium hydroxide. tris(tert-
butylphenyl)sulfoniumhydroxide,bis(tert-butylphenyl)iodoniumhydroxide, phenacylthiophenium
hydroxide and 2-oxopropylthiophenium hydroxide. Examples of the compound having an onium
carboxylate structure include a compound where the anion moiety of the compound having an onium
hydroxide structure is converted into a carboxylatc, such as acetate, adamantane-l-carboxylate and
perfluoroalkyl carboxylate. Examples of the compound having a trialkylamine structure include
tri(n-butyl)amine and tri(n-octyl)amine. Examples of the aniline compound include
2,6-diisopropylaniline, N,N-dimethylaniline. N.Ndibutylaniline and N,N-dihexylaniline. Examples of the
allcylamine derivative having a hydroxyl group and/or an ether bond include ethanolamine,
diethanolamine, triethanolamine and tris(methoxyethoxyethyl)amine. Examples of the aniline derivative
having a hydroxyl group and/or an ether bond include N.N-bis(hydroxyethyl)aniline.         One of these
basic compounds is used alone, or two or more kinds thereof are used in combination.         The
amount of the basic compound used is usually from 0.001 to 10 mass%, preferably from 0.01 to 5
mass%, based on the solid content of the resist composition.         The ratio between the acid
generator and the basic compound used in the composition is preferably acid generator/basic
compound (by mol) - from 2.5 to 300. That is, the molar ratio is preferably 2.5 or more in view of
sensitivity and resolution and preferably 300 or less from the standpoint of suppressing the reduction
in resolution due to thickening of the resist pattern with aging after exposure until heat treatment. The
acid generator/basic compound (by mol) is more preferably from 5.0 to 200, still more preferably from
7.0 to 150. (F) Surfactant         The resist composition of the present invention preferably further
contains (F) a surfactant, more preferably any one fluorine-containing and/or silicon-containing
surfactant (a fluorine-containing surfactant, a silicon-containing surfactant or a surfactant containing
both a fluorine atom and a silicon atom) or two or more kinds thereof.         When the resist
composition of the present invention contains the surfactant (F), a resist pattern with good sensitivity,
resolution and adherence as well as less development defects can be obtained in using an exposure
light source of 250 rim or less, particularly 220 nm or less.         Examples of the fluorine-containing
and/or silicon-containing surfactant include surfactants described in JP-A-62-36663, JP-A-61-226746,
JP-A-61-226745. JP-A-62-170950, JP-A-63-34540, JP-A-7-230165, JP-A-8-62834, JP-A-9-54432,
JP-A-9-5988, JP-A-2002- 277862 and U.S. Patents 5,405,720, 5.360,692, 5,529,881, 5,296,330,
5,436,098, 5.576,143. 5,294,511 and 5,824,451. The following commercially available surfactants
each may also  be used as it is.         Examples of the commercially available surfactant which can be
used include a fluorine-containing or silicon-containing surfactant such as EFtop EF301 and EF303
(produced by Shin-Akita Kasei K.K.); Florad FC430, 431 and 4430 (produced by Sumitomo 3M Inc.);
Megaface F171, F173, F176, F189, F113, F110, FI77, F120 and R08 (produced by Dainippon Ink &
Chemicals, Inc.); Surflon 5-382, SC101, 102, 103, 104, 105 and 106 (produced by Asahi Glass Co.,
Ltd.): Troysol 5-366 (produced by Troy Chemical); GF-300 and GF-150 (produced by Toagosei
Chemical Industry Co., Ltd.): Surflon S-393 (produced by Seimi Chemical Co., Ltd.); Eftop EF121,
EF122A, EF122B, RF122C, EF125M, EF135M, EF351, 352, EF801, EF802 and EF601 (produced by
JEMCO Inc.); PF636, PF656, PF6320 and PF6520 (produced by OMNOVA); and FTX-204D, 2080,
2180, 230G, 204D, 208D, 212D, 218 and 222D (produced by NEOS Co., Ltd.). In addition,
polysiloxane polymer K2- 341 (produced by Shin-Etsu Chemical Co., Ltd.) may also be used as the
silicon-containing surfactant.         Other than those known surfactants, a surfactant using a polymer
having a fluoroaliphatic group derived from a fluoro-aliphatic compound which is produced by a
telomerization process (also called a telomer process) or an oligomerization process (also called an
oligomer process), may be used. The fluoro-aliphatic compound can be synthesized by the method
described in JP-A-2002-90991.         The polymer having a fluoro-aliphatic group is preferably a
copolymer of a fluoroaliphatic group-containing monomer with a (poly(oxyalkylene)) acrylate and/or a
(poly(oxyalkylene)) methacrylate, and the copolymer may have an irregular distribution or may be a
block copolymer. Examples of the poly(oxyalkylene) group include a poly(oxyethylene) group, a
poly(oxypropylene) group and a poly(oxybutylene) group. This group may also be a unit having
alkylenes differing in the chain length within the same chain, such as block-linked poly(oxyethylene,
oxypropylene and oxyethylene) and block-linked poly(oxyethylene and oxypropylene). Furthermore,
the copolymer of a fluoro-aliphatic group-containing monomer and a (poly(oxyalkylene)) acrylate (or
methacrylate) is not limited only to a binary copolymer but may also be a ternary or greater copolymer
obtained by simultaneously copolymerizing two or more different fluoro-aliphatic group-containing
monomers or two or more different (poly(oxyalkylene)) acrylates (or methacrylates).         Examples
thereof include, as the commercially available surfactant, Megaface F178, F-470, F-473, F-475, F-476
and F-472 (produced by Dainippon Ink & Chemicals, Inc.) and further include a copolymer of a C6F13
group-containing acrylate (or methacrylate) with a (poly(oxyalkylene)) acrylate (or methacrylate), and a
copolymer of a C3F7 group-containing acrylate (or methacrylate) with a (poly(oxyethylene)) acrylate
(or methacrylate) and a 



(poly(oxypropylene)) acrylate (or methacrylate).        In the present invention, a surfactant other than
the fluorine-containing and/or silicon-containing surfactant may also be used. Specific examples
thereof include a nonionic surfactant such as polyoxyethylene alkyl ethers (e.g., polyoxyethylene lauryl
ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polyoxyethylene oleyl ether),
polyoxyethylene alkylallyI ethers (e.g., polyoxyethylene octylphenol ether, polyoxyethylene
nonylphenol ether), polyoxyethyleneepolyoxypropylene block copolymers, sorbitan fatty acid esters
(e.g., sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan monooleate,
sorbitan trioleate, sorbitan tristearate) and polyoxyethylene sorbitan fatty acid esters (e.g.,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate, polyoxyethylene
sorbitan monostearate, polyoxyethylene sorbitan trioleate, polyoxyethylene sorbitan tristearate).
One of these surfactants may be used alone, or several surfactants may be used in combination.
The amount of the surfactant (F) used is preferably from 0.01 to 10 mass%, more preferably from 0.1
to 5 mass%, based on the entire amount of the resist composition (excluding the solvent). (G) Onium
carboxylate       The resist composition of the present invention may contain (G) an onium carboxylate.
Examples of the onium carboxylate include sulfonium carboxylate, iodonium carboxylate and
ammonium carboxylate. In particular, the onium carboxylate (G) is preferably an iodonium salt or a
sulfonium salt. Furthermore, the carboxylate residue of the onium carboxylate (G) for use in the
present invention preferably contains no aromatic group and no carbon-carbon double bond. The
anion moiety is preferably a linear, branched, monocyclic or polycyclic alkylearboxylate anion having a
carbon number of 1 to 30, more preferably an anion of the carboxylic acid with the alkyl group being
partially or entirely fluorine-substituted. The alkyl chain may contain an oxygen atom. Thanks to such a
construction, the transparency to light of 220 tun or less is ensured, the sensitivity and resolution are
enhanced, and the iso/dense bias and exposure margin are improved.       Examples of the anion of
the fluorine-substituted carboxylic acid include anions of fluoroacetic acid, diffuoroacetic acid,
trifluoroacetic acid, pentafluoropropionic acid, heptafluorobutyric acid, nonafluoropentanoie acid, perfl
uorododecanoic acid, perfluorotridecanoicacid,perfluorocyclohexanecarboxylicacidand2,2-
bistrifluoromethylpropionic acid.       These onium carboxylates (G) can be synthesized by reacting a
sullonium, iodonium or ammonium hydroxide and a carboxylic acid with silver oxide in an appropriate
solvent.         The content of the onium carboxylate (G) in the composition is generally from 0.1 to 20
mass%, preferably from 0.5 to 10 mass%, more preferably from 1 to 7 mass%, based on the entire
solid content of the composition. (H) Other additives        The resist composition of the present
invention may further contain, for example, a dye, a plasticizer, a photosensitizer, a light absorber, an
alkali-soluble resin, a dissolution inhibitor and a compound for accelerating dissolution in a developer
(for example, a phenol compound having a molecular weight of 1,000 or less, or a carboxyl
group-containing alicyclic or aliphatic compound), if desired.         The phenol compound having a
molecular weight of 1,000 or less can be easily synthesized by one skilled in the art with reference to
the methods described, for example, in JP-A-4-122938, JP-A-2-28531, U.S. Patent 4,916.210 and
European Patent 219294.         Specific examples of the carboxyl group-containing alicyclic or aliphatic
compound include, but are not limited to, a carboxylic acid derivative having a steroid structure, such
as cholic acid, deoxycholic acid and lithocholic acid, an adamantanecarboxylic acid derivative, an
adamantanedicarboxylic acid, a cyclohexanecarboxylic acid and a cyclohexanedicarboxylic acid. 



EXAMPLES         The present invention is described below by referring to Examples, but the present
invention should not be construed as being limited thereto. Synthesis Example 1 (Synthesis of Resin
(Al)):         Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-neck
flask and heated at 80C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1-
adamantyl)propan-2-y1 methacrylate, 4.5 g of 3,5-dihydroxy- 1 -adamantyl methacrylate, 6.1 g of
p-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to 6 mot% based on the
entire monomer amount, in 75.3 g of methyl isobutyl ketone was added dropwise over 6 hours. After
the completion of dropwise addition, the reaction was further allowed to proceed at 80C for 2 hours.
The resulting reaction solution was allowed to cool and then poured in 720 ml of heptane/80 ml of ethyl
acetate, and the powder precipitated was collected by filtration and dried, as a result. 18.3 g of Resin
(Al) was obtained. The weight average molecular weight of the obtained resin was 7.000 and the
dispersity (Mw/Mn) was 1.80.  Resin (Al):  Weight average molecular eight: 7,000 Dispersity: 1.80
Molar compositional ratio: 40/20/40 Synthesis Example 2 (Synthesis of Resin (A2)):         Under a
nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-neck flask and heated at
80C. Thereto, a solution obtained by dissolving 9.4 g of 2-(1 - adamantyl)propan-2-y1 methacrylate,
4.5 g of 3,5-dihydroxy-1 -adamantyl methacrylate, 6.1 g of 13-methacryloyloxymbutyrolactone and
azobisisobutyronitrile corresponding to 7 mol% based on the entire monomer amount, in 75.3 g of
methyl isobutyl ketone was added dropwise over 6 hours. After the completion of dropwise addition,
the reaction was further allowed to proceed at 80C for 2 hours. The resulting reaction solution was
allowed to cool and then poured in 680 ml of heptane/120 ml of ethyl acetate, and the powder
precipitated was collected by filtration and dried, as a result, 17.5 g of Resin (A2) was obtained. The
weight average molecular weight of the obtained resin was 5,800 and the dispersity (Mw/Mn) was
1.53. Resin (A2):  Weight average molecular eight: 5,800 Dispersity: 1.53 Molar compositional ratio:
40/20/40 



Synthesis Example 3 (Synthesis of Resin (A3)):         Under a nitrogen stream, 19.4 g of methyl
isobutyl ketone was charged into a three-neck flask and heated at 80C. Thereto, a solution obtained
by dissolving 9.4 g of 2-(l-  adamantyl)propan-2-y1 methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl
methacrylate, 6.1 g of p-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to
12 mol% based on the entire monomer amount, in 65.3 g of methyl isobutyl ketone was added
dropwise over 8 hours. After the completion of dropwise addition, the reaction was further allowed to
proceed at 80C for 2 hours. The resulting reaction solution was allowed to cool and then poured in 720
ml of heptane/80 ml of ethyl acetate, and the powder precipitated was collected by filtration and dried,
as a result, 15.5 g of Resin (A3) was obtained. The weight average molecular weight of the obtained
resin was 2,800 and the dispersity (Mw/Mn) was 1.26. Resin (A3):  Weight average molecular eight:
2.800 Dispersity: 1.26 Molar compositional ratio: 40/20/40 Synthesis Example 4 (Synthesis of Resin
(A4)):         Under a nitrogen stream, 8.4 g of methyl isobutyl ketone was charged into a three-neck
flask and heated at 80C. Thereto, a solution obtained by dissolving 9.4 g of 241-
adamantyppropan-2-y1 methacrylate, 4.5 g of 3,5-dihydroxy-1-adamantyl methacrylate, 6.1 g of
13-methacryloyloxymbutyrolactone and azobisisobutyronitrile corresponding to 6 mol% based on the
entire monomer amount, in 75.3 g of methyl isobutyl ketone was added dropwise over 6 hours. After
the completion of dropwise addition, the reaction was further allowed to proceed at 80C for 2 hours.
The resulting reaction solution was allowed to cool and then poured in 680 ml of heptane/120 ml of
ethyl acetate, and the powder precipitated was collected by filtration and dried, as a result, 17.6 g of
Resin (A4) was obtained. The weight average molecular weight of the obtained resin was 7,000 and
the dispersity (Mw/Mn) was 1.55.  Resin (A4):  Weight average molecular eight: 7.000 Dispersity: 1.55
Molar compositional ratio: 40/20/40 



Synthesis Example 5 (Synthesis of Resin (AS)):         Under a nitrogen stream, 8.4 g of methyl isobutyl
ketone was charged into a three-neck flask and heated at 80C. Thereto, a solution obtained by
dissolving 9.4 g of 241- adamanty0propan-2-y1 methacrylate, 4.5 g of 3.5-dihydroxy-l-adarnantyl
methacrylate, 6.1 g of 13-methacryloyloxy-y-butyrolactone and azobisisobutyronitrile corresponding to
7 mol% based on the entire monomer amount, in 75.3 g of methyl isobutyl ketone was added dropwise
over 6 hours. After the completion of dropwise addition, the reaction was further allowed to proceed at
80C for 2 hours. The resulting reaction solution was allowed to cool and then poured in 720 ml of
heptane/80 ml of ethyl acetate, and the powder precipitated was collected by filtration and dried, as a
result, 18.5 g of Resin (A5) was obtained. The weight average molecular weight of the obtained resin
was 6,000 and the dispersity (Mw/Mn) was 1.75. Resin (A5): Weight average molecular eight: 6,000
Dispersity: 1.75 Molar compositional ratio: 40/20/40 Resist Composition (Al):         A solution having a
solid content concentration of 5.8 mass% obtained by dissolving the components shown below in a
mixed solvent of polyethylene glycol monomethyl ether acetate/polyethylene glycol monomethyl ether
(60:40) was filtered through a polyethylene  filter having a pore size of 0.1 um to prepare Resist
Composition (Al).         Resin (Al): 1.83 g, triphenylsulfonium nonaflate: 69.6 mg, diphenylaniline: 8.7
mg, and PF6320 (fluorine-containing surfactant produced by OMNOVA): 1.7 mg. Resist Compositions
(A2) to (A5):         Resist Compositions (A2) to (A5) were prepared in the same manner except for
using Resins (A2) to (A.5) in place of Resin (Al). Comparative Example 1:         An organic
antireflection film, ARC29A (produced by Nissan Chemical Industries, Ltd.), was coated on a 8-inch
silicon wafer and baked at 205C for 60 seconds to form a 78- nm antireflection film, and Resist
Composition (A 1 ) prepared above was coated thereon and baked at 120C for 60 seconds to form a
150-nm resist film. The obtained wafer was subjected to pattern exposure using an ArF excimer laser
scanner (NA: 0.75). Thereafter, the resist film was heated at 120C for 60 seconds, developed with an
aqueous tetramethylammonium hydroxide solution (2.38 mass%) (positive tone developer) for 30
seconds (positive tone development), and rinsed with pure water to obtain a pattern having a pitch of
600 nm and a line width of 450 rim Furthermore, the resist film was developed with butyl acetate
(negative tone developer) for 30 seconds (negative tone development) and rinsed with 1-hexanot
(rinsing solution for negative tone development) for 30 seconds, and thereafter, the wafer was rotated
at a rotation number of 3,000 rpm for 30 seconds to obtain a 150-nm (1-1) line-and-space resist
pattern. Examples 1 to 4:         In the same manner as in Comparative Example 1, 150-nm (1:1) resist
patterns were obtained using Resist Compositions (A2) to (A5), respectively. 



Evaluation of Line Edge Roughness (LER):         The 150-nrn (1:1) line-and-space resist patterns
obtained in Comparative Example 1 and Examples 1 to 4 were observed by a scanning microscope
(S9260, manufactured by Hitachi Ltd.). With respect to the range of 2 um edge in the longitudinal
direction of the 150-nrn line pattern, the distance from the reference line where the edge should be
present was measured at 50 points and after determining the standard deviation, 3a (unit: nm) was
calculated. A smaller value indicates better performance. The results are shown in Table 1.  Table I
Resist Composition Resin Molecular Weight Dispersity LER (gm) Comparative Example 1 Al 



Al 7000 1.80 9.5 Example 1 A2 A2 5800 1.53 6.8 Example 2 A3 A3 2800 1.26 5.2 Example 3 



A4 A4 7000 1.55 7.0 Example 4 AS AS 6000 1.75 7.1  Example 5:         An organic antireflection film,
ARC29A (produced by Nissan Chemical Industries, Ltd.), was coated on a 8-inch silicon wafer and
baked at 205C for 60 seconds to form a 78-am antireflection film, and Resist Composition (A2)
prepared above was coated thereon and baked at 120C for 60 seconds to form a 150-mn resist film.
The obtained wafer was subjected to pattern exposure using an ArF excimer laser scanner (NA: 0.75).
Thereafter, the resist film was heated at 120C for 60 seconds, developed with an aqueous
tetramethylammonium hydroxide solution (2.38 mass%) (positive tone developer) for 30 seconds
(positive tone development), and rinsed with pure water to obtain a pattern having a pitch of 600 nm
and a line width of 450 nm. Furthermore, the resist film was developed with ethyl acetate (negative
tone developer) for 30 seconds (negative tone development) and rinsed with 1-hexanol (rinsing
solution for negative tone development) for 30 seconds, and thereafter, the wafer was rotated at a
rotation number of 3,000 rpm for 30 seconds to obtain a 150-nm (1:1) line-and-space resist pattern.
Examples 6 to 18:         In the same manner as in Example 5, 150-nm (1: I ) resist patterns were
obtained by using Resist Composition (A2) and combining the negative tone developer and the rinsing
solution for negative tone development as shown in Table 2. Evaluation of Dimensional Uniformity: 



The 150-nm (1:1) line-and-space resist patterns obtained in Examples 1 and 5 to 18 each was
measured for the dimension at 50 portions at intervals of 2 nm by using a scanning microscope
(S9260, manufactured by Hitachi Ltd.). The standard deviation of 50 portions was determined, and 3a
(unit: nm) was calculated. A smaller value indicates better performance. The results are shown in
Table 2.  Table 2  Negative Tone Developer Rinsing Solution for Negative Tone Development
Dimensional    Uniformity (nrn) Example 1 butyl acetate 1-hexanol 3.1 



Example 5 ethyl acetate 1-hexanol 8.4 Example 6 isoamyl acetate 1-hexanol 3.1 Example 7 methyl
isobutyl ketone 1-hexanol 3.5 Example 8 2-hexanone 1-hexanol 7.7 Example 9 



methyl ethyl ketone 1-hexanol 9.6 Example 10 dipropy1 ether 1-hexanol 11.6 Example 11 dibutyl ether
1-hexanol 4.2 Example 12 butyl acetate/2-hexanone (80/20) 1-hexanol 3.5 Example 13 



isoamyl acetate/ dibutyl ether (70/30) 1-hexanol 3.8 Example 14 isoamyl acetate 1-heptanol 8.8
Example 15 isoamyl acetate 2-heptanol 3.3 Example 16 isoamyl acetate decane 4.3 Example 17 



isoamyl acetate dodecane 9.2 Example 18 isoamyl acetate 1-heptanol/decane (50/50) 3.7          The
vapor pressure and boiling point of each of the solvent for negative tone developer and the solvent for
rinsing solution for negative tone development used in Examples 1 and 5 to 18 are shown in Table 3.
Table 3 Example 19:         An organic antireflection film, ARC29A (produced by Nissan Chemical
Industries, Ltd.), was coated on a 8-inch silicon wafer and baked at 205C for 60 seconds to form a
78-rim antireflection film. and Resist Composition (A2) prepared above was coated thereon and baked
at 120C for 60 seconds to fon,' a 150-nm resist film. The obtained wafer was subjected to pattern
exposure using an ArF excimer laser scanner (NA: 0.75). Subsequently, the resist film was developed
with butyl acetate (negative tone developer) for 30 seconds (negative tone development) and rinsed
with 1-hexanot (rinsing solution for negative tone development) for 30 seconds, and thereafter, the
wafer was rotated at a rotation number of 3,000 rpm for 30 seconds to obtain a pattern having a pitch
of 400 urn and a line width of 200 11111 Examples 20 to 29:        In the same manner as in Example
19, patterns having a pitch 400 nm and a line width of 200 nm were obtained using Resist
Compositions (A2) to (A5) and (B1) to (B6). respectively. The formulations of Resist Compositions (A2)
to (A5) are as described above, and the formulations of Resist Compositions (BI ) to (B6) are shown in
Table 5 below. Evaluation of Line Edge Roughness (LER): 



The patterns having a pitch of 400 nm and a line width of 200 nm obtained in Examples 19 to 29 were
observed by a scanning microscope (59260. manufactured by Hitachi  Ltd.). With respect to the range
of 2 pm edge in the longitudinal direction of the 200-nm line pattern, the distance from the reference
line where the edge should be present was measured at 50 points and after determining the standard
deviation, 3a (unit: nm) was calculated. A smaller value indicates better performance. The results are
shown in Tables 4 and 5. Table 4  Example Resist Composition Resin Molecular Weight Dispersity
LER (nm) 19 Al Al 



7000 1.80 8.9 20  A7 5800 1.53 6.3 21 A3 A3 2800 1.26 5.3 22 A4 



A4 7000 1.55 7.2 73 AS AS 6000 1.75 7.4  Table 5 Example Resist Composi- tion Resin 



(10 g) Acid Generator (g) Basic Compound (g) Surfactant (0.02 g) Solvent (mass ratio) LER     



mn () 24 BI A6 PAG-A PEA (0.05) W-5 Al/B1 6.0    (0.50)  



(60/40)  25 B7 A7 PAG-E DIA (0.05) W-2 A1/B2 5.8    (0.40)   



(40/60)  26 B3 A8 PAG-B TPA (0.06) W-6 A2/B3 6.3    (0.80)   (95/5) 



27 B4 A9 PAG-C PB1 (0.07) W-1 A2/B1 6.1    (0.60)   (50/50)  



28 B5 A7 PAG-F DIA (0.10) W-4 A2/B2 6.5    (0.20)   (40/60)  29 



B6 A9 PAG-D TOA W-3 A1/B3 6.2    (0.90) (0.08)  (90/10)           The abbreviations used in Examples
indicate those set forth as specific examples above or the followings. 



Table 6  Compositional Ratio (by mel)             



cro POH HO     DIA:2,6-diisopropylaniline TPA: tripentylamine PEA: N-phenyldiethanolamine TOA:
trioctylamine FBI:2-phenylbenzimidazole  W-1: Megaface F176 (produced by Dainippon Ink &
Chemicals, Inc.) (fluorine-containing)  W-2: Megaface R08 (produced by Dainippon Ink & Chemicals,
Inc.) (fluorine and silicon-containing)  W-3: Polysiloxane Polymer KP-341 (produced by Shin-Etsu
Chemical Co.. Ltd.) (silicon-containing) 



W-4: Troysol S-366 (produced by Troy Chemical)  W-5: PF656 (produced by OMNOVA,
fluorine-containing)  W-6: PF6320 (produced by OMNOVA, fluorine-containing) Al:propylene glycol
monomethyl ether acetate A2:cyclohexanone B I:propylene glycol monomethyl ether B2:ethyl lactate
B3:y-butyrolactone         As apparent from these Examples, thanks to the combination of resist
composition, negative tone developer and rinsing solution for negative tone development of the
present invention, the line edge roughness is reduced and furthermore, the dimensional uniformity is
high INDUSTRIAL APPLICABILITY         By the pattern forming method and the resist composition of
the present invention, a pattern with reduced line edge roughness and high dimensional uniformity is
obtained. In particular, a highly practical negative tone development technique and a double
development technique using the same are provided. These techniques enables finer patterning under
the same light source as that in conventional technology. The pattern forming method of the present
invention is suitably used in the process of producing a semiconductor such as IC, in the production of
a circuit board for liquid crystal, thermal head and the like, and in the lithography process of other
photo-applications.         While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof         This
application is based on Japanese Patent Application (Japanese Patent Application No. 2007-106175)
filed on April 13, 2007 and Japanese Patent Application (Japanese Patent Application No.
2007-198054) filed on July 30, 2007, and their contents are incorporated herein by way of reference.
[Claim 1] A pattern forming method, comprising: 



fowling a resist film by applying a resist composition whose solubility in a negative tone developer
containing an organic solvent decreases upon irradiation with an actinic ray or radiation and which
contains a resin having: an alicyclic hydrocarbon structure; and a dispersity of less than or equal to
1.7, or a weight average molecular weight of less than or equal to 6,000, and being capable of
increasing a polarity by an action of an acid; exposing the resist film; and        developing the resist film
after the exposing with the negative tone developer. [Claim 2] The pattern forming method according
to claim 1,        wherein the resin is a resin having an alicyclic hydrocarbon structure and a dispersity of
less than or equal to 1.7, and being capable of increasing a polarity by an action of an acid. [Claim 3]
The pattern forming method according to claim 1,        wherein the resin is a resin having an alicyclic
hydrocarbon structure, a dispersity of less than or equal to 1.7 and a weight average molecular weight
of less than or equal to 6,000, and being capable of increasing a polarity by an action of an acid.
[Claim 4] The pattern forming method according to any one of claims 1 to 3,        wherein the negative
tone developer is a developer having a vapor pressure of 5.0 kPa or less at 20C. [Claim 5]        The
pattern forming method according to any one of claims 1 to 4, which comprises: performing washing
using a rinsing solution containing an organic solvent after the developing. [Claim 6] The pattern
forming method according to claim 5,        wherein the rinsing solution containing an organic solvent is
a rinsing solution having a vapor pressure of 0.1 kPa or more at 20C. [Claim 7]        The pattern
forming method according to any one of claims 1 to 6, which comprises: developing the resist film after
the exposing with a positive tone developer which is an alkali developer at least either one of before
and after the developing with the negative tone developer. 



[Claim 8] The pattern forming method according to any one of claims 1 to 7,         wherein the organic
solvent contained in the negative tone developer is at least one kind of an organic solvent selected
from the group consisting of a ketone-based solvent, an ester-based solvent and an ether-based
solvent. [Claim 9] The pattern forming method according to any one of claims 5 to 8, wherein the
organic solvent contained in the rinsing solution is an alcohol-based solvent. [Claim 10] The pattern
forming method according to any one of claims Ito 9,        wherein the resin has a partial structure
containing an alicyclic hydrocarbon represented by the following formula (pi) or (pII) as a monocyclic or
polycyclic alicyclic hydrocarbon structure:             in fornmla (pi) or (pH), R11 represents a methyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group or a
sec-butyl group;        Z represents an atomic group necessary for foxming a cycloalkyl group together
with the carbon atom; and 



each of R12 to R14 independently represents a linear or branched alkyl group having a carbon
number of 1 to 4 or a cycloalkyl group, provided that at least one of R12 to R14 represents a cycloalkyl
group. [Claim 1 1] The pattern forming method according to any one of claims 1 to 10, wherein the
resin contains a repeating unit represented by the following formula (pA):           wherein R represents
a hydrogen atom, a halogen atom or a linear or branched alkyl group having a carbon number of 1 to
4, and a plurality of R's may be the same or different from each other;        A represents a single bond,
or a sole group or a combination of two or more groups selected from the group consisting of an
aikylene group, an ether group, a thioether group, a carbonyl group, an ester group, an amido group, a
sulfonamido group, a urethane group or a urea group; and Rp, represents a group of any one of the
following formula (p1) or (pH): RI, RI 2 -C-R13 Ri4 ( p1 )    



in formula (pi) or (p1I), RI, represents a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group or a sec-butyl group; Z represents an atomic group
necessary for forming a cycloalkyl group together with the carbon atom; and        each of Ri2 to R14
independently represents a linear or branched alkyl group having a carbon number of 1 to 4 or a
cycloalkyl group, provided that at least one of 1212 to R14 represents a cycloalkyl group. [Claim 12]
The pattern forming method according to any one of claims I to 11, wherein the resist composition
contains a basic compound. [Claim 13] The pattern forming method according to any one of claims 1
to 12, wherein the resin has no aromatic group. [Claim 14] The pattern forming method according to
any one of claims 1 to 13, wherein the exposing of the resist film is performed by using an ArF excimer
laser.  ABSTRACT         A pattern forming method comprising a step of applying a resist composition
whose solubility in a negative tone developer decreases upon irradiation with an actinic ray or radiation
and which contains a resin having an alicyclic hydrocarbon structure and a dispersity of 1.7 or less and
being capable of increasing the polarity by the action of an acid, an exposure step, and a development
step using a negative tone developer; a resist composition for use in the method; and a developer and
a rinsing solution for use in the method, are provided, whereby a pattern with reduced line edge
roughness and high dimensional uniformity can be formed. 




