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Description
Background of the Invention
1. Field of the Invention

[0001] The present invention relates to a positive resist composition suitable for use in the ultramicrolithography
process such as production of VLSI or a high-capacity microchip or in other photofabrication processes, and a pattern
forming method using the composition. More specifically, the present invention relates to a positive resist composition
capable of forming a high-resolution pattern by using KrF excimer laser light, electron beam, EUV light or the like, and
a pattern forming method using the composition. That is, the present invention relates to a resist composition suitably
usable for fine processing of a semiconductor device, where KrF excimer laser light, electron beam or EUV light is used,
and a pattern forming method using the composition.

2. Description of the Related Art

[0002] Inthe process of producing a semiconductor device such as IC and LSI, fine processing by lithography using
a photoresist composition has been conventionally performed. Recently, the integration degree of an integrated circuit
is becoming higher and formation of an ultrafine pattern in the sub-micron or quarter-micron region is required. To cope
with this requirement, the exposure wavelength also tends to become shorter, for example, from g line to i line or further
to KrF excimer laser light. At present, other than the excimer laser light, development of lithography using electron beam,
X ray or EUV light is proceeding.

[0003] In the lithography employed for the ion injection step using KrF excimer laser light, it is an important issue to
satisfy all performances in terms of high resolution, number of development defects and iso-dense bias in the ultrafine
region, and this problem needs to be solved.

[0004] As regards the resist suitable for the lithography process used in such an ion injection step, a chemical ampli-
fication-type resist formulated to adjust the light transparency of the resist film is supposed to be effective from the
standpoint of controlling the resist pattern profile on a high-reflection substrate and as disclosed in JP-A-7-84364 (the
term "JP-A" as used herein means an "unexamined published Japanese patent application”), JP-A-7-316268, JP-A-
7-319155, JP-A-10-186647, JP-A-2006-328241 and JP-A-2000-284482, in the case of a positive resist, a chemical
amplification-type resist composition mainly comprising a phenolic polymer insoluble or sparingly soluble in an alkali
developer but becoming soluble in an alkali developer under the action of an acid (hereinafter simply referred to as a
"phenolic acid-decomposable resin"), an acid generator, and a coloring matter for adjusting the light transparency has
been proposed.

[0005] There is also known a case where the coloring matter for adjusting the light transparency is connected to a
phenolic acid-decomposable resin. As regards the coloring matter for adjusting the light transparency, an anthracene
structure, a benzenecarboxylic acid structure, a naphthalenecarboxylic acid structure, a thiophene structure and the like
are known.

[0006] However, by any combination of these techniques, it is impossible at present to satisfy the performances in
terms of high resolution, number of development defects and iso-dense bias in the ultrafine region.

Summary of the Invention

[0007] An object of the present invention is to solve the problems in the technology for enhancing the performance at
fine processing of a semiconductor device, where actinic rays or radiation, particularly, KrF excimer laser light, electron
beam or EUV light, is used, and provide a positive resist composition satisfying the performances in terms of high
resolution, number of development defects, and iso-dense bias in an ultrafine region, particularly, in an ion injection step
not using an antireflection film (BARC), and a pattern forming method using the composition.

[0008] The present invention is achieved by the following constructions.

(1) A positive resist composition, comprising:

(B 1) a resin capable of decomposing under an action of an acid to increase a solubility of the resin (B1) in an
aqueous alkali solution, the resin (B1) containing at least one of a repeating unit represented by formula (la)
and a repeating unit represented by formula (Ila);

(B2) a resin capable of decomposing under an action of an acid to increase a solubility of the resin (B2) in an
aqueous alkali solution, the resin (B2) containing: at least one of a repeating unit represented by formula (Ib)
and a repeating unit represented by formula (lIb); and a repeating unit represented by formula (lll) containing
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at least two aromatic ring structures; and
(A) a compound capable of generating an acid upon irradiation with actinic rays or radiation:

1
1\

/ (1a)
]
Z SN om

(L)m

T
@)
I

N

wherein X represents a hydrogen atom, a methyl group or a halogen atom;

A, represents a hydrogen atom or a group capable of leaving under an action of an acid, and when a
plurality of A;’s are present, the plurality of A;’s may be the same or different;

L represents a monovalent organic group, a halogen atom, a cyano group or a nitro group, and when a
plurality of L's are present, the plurality of L's may be the same or different;

n represents an integer of 1 to 3; and

m represents an integer of O to 2:

Y |
.“('CHz_é+ (I'I a)
o on,

wherein Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group; and
A, represents a group capable of leaving under an action of an acid:

X

|
CHZ—C+

7 (Ib)

A/\(OAs>n

(L)m

wherein X represents a hydrogen atom, a methyl group or a halogen atom;

As represents a hydrogen atom or a group capable of leaving under an action of an acid, and when a
plurality of A's are present, the plurality of Ag's may be the same or different;

L represents a monovalent organic group, a halogen atom, a cyano group or a nitro group, and when a
plurality of L's are present, the plurality of L's may be the same or different;

n represents an integer of 1 to 3; and

m represents an integer of 0 to 2:
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Y
+CH2—é—)' (I Ib)
O)\ON

wherein Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group; and
A, represents a hydrogen atom or a group capable of leaving under an action of an acid:

1
o)
L1

AR1-(L2-—AR2)

(IT1T1)
n

wherein Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group;

L, represents a single bond, an arylene group, an aralkylene group, a carbonyl group, an ester group, an
imino group or an ether group, or a divalent linking group including a combination of at least two kinds of
groups thereof;

AR, represents a phenylene group or a naphthylene group;

L, represents a single bond, a carbonyl group, an ester group, an imino group, an ether group, an alkylene
group or an aralkylene group, or a divalent linking group including a combination of at least two kinds of
groups thereof, and when a plurality of L,’s are present, the plurality of L,’s may be the same or different;
AR, represents a phenyl group or a naphthyl group, and when a plurality of AR,’s are present, the plurality
of AR,’s may be the same or different; and

n represents an integer of 0 to 2.

(2) The positive resist composition as described in (1) above,

wherein the resin (B1) has a molecular weight dispersity of from 1.0 to 1.3.

(3) The positive resist composition as described in (1) or (2) above,

wherein the resin (B2) has a molecular weight dispersity of from 1.0 to 1.3.

(4) The positive resist composition as described in any of (1) to (3) above,

wherein a weight average molecular weight of the resin (B1) is larger than a weight average molecular weight of
the resin (B2).

(5) The positive resist composition as described in any of (1) to (4) above,

wherein in formula (Il1), L, is a single bond.

(6) The positive resist composition as described in any of (1) to (5) above,

wherein the resin (B2) has a weight average molecular weight of from 5,000 to 15,000.

(7) The positive resist composition as described in any of (1) to (6) above,

wherein the compound (A) contains at least two kinds of compounds selected from the group consisting of a triar-
ylsulfonium salt, an oxime sulfonate compound and a diazodisulfone compound.

(8) The positive resist composition as described in any of (1) to (6) above,

wherein the compound (A) contains a sulfonium salt having a bis(alkylsulfonyl)amide anion or a tris(alkylsulfonyl)
methide anion.

(9) A pattern forming method, comprising:

forming a resist film from the positive resist composition as described in any of (1) to (8) above; and
exposing and developing the resist film.
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Detailed Description of the Invention

[0009] The present invention is described in detail below.

[0010] Incidentally, in the context of the present invention, when a group (atomic group) is denoted without specifying
whether substituted or unsubstituted, the group includes both a group having no substituent and a group having a
substituent. For example, an "alkyl group"” includes not only an alkyl group having no substituent (unsubstituted alkyl
group) but also an alkyl group having a substituent (substituted alkyl group).

(B1) Resin capable of decomposing under the action of an acid to increase the solubility in an aqueous alkali solution,
the resin having a repeating unit represented by formula (la) and/or a repeating unit represented by formula (lla)

[0011] The positive resist composition of the present invention comprises (B1) a resin capable of decomposing under
the action of an acid to increase the solubility in an aqueous alkali solution, the resin having a repeating unit represented
by the following formula (la) and/or a repeating unit represented by formula (lla).

X

_(—CHz_é+ (Ia)

]
A/\(OA1)n

(L)m

[0012] In formula (la), X represents a hydrogen atom, a methyl group or a halogen atom.
[0013] A; represents a hydrogen atom or a group capable of leaving under the action of an acid.
[0014] L represents a monovalent organic group, a halogen atom, a cyano group or a hitro group.

Y
‘ECHz—éﬁ- (ITa)
Aon

O 2

[0015] Informula(lla), Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group.

[0016] A, represents a group capable of leaving under the action of an acid.

[0017] Informula (la), the group capable of leaving under the action of an acid of A; includes, specifically, a tertiary
alkyl group such as tert-butyl group and tert-amyl group, a tert-butoxycarbonyl group, a tert-butoxycarbonylmethyl group,
and an acetal group represented by -(C(L1,)(L2)),-O-Z.

[0018] In the formula, L;, and L,,, which may be the same or different, each represents a hydrogen atom, an alkyl
group, a cycloalkyl group or an aralkyl group. Z represents an alkyl group, a cycloalkyl group, an aralkyl group, or a
monovalent organic group formed by combining at least two members thereof. Z and L, may combine with each other
to form a 5- or 6-membered ring. n represents an integer of 0 to 4.

[0019] The alkyl group or cycloalkyl group of L, L,, and Z is preferably a linear or branched alkyl group or cycloalky!
group having a carbon number of 1 to 20, such as methyl group, ethyl group, propyl group, isopropyl group, n-butyl
group, isobutyl group, tert-butyl group, pentyl group, cyclopentyl group, hexyl group, cyclohexyl group, octyl group and
dodecyl group.

[0020] The aralkyl groupin L, Lo, and Z includes an aralkyl group having a carbon number of 7 to 15, such as benzyl
group and phenethyl group.
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[0021] These groups each may further have a substituent, and examples of the substituent which these groups each
may have include a hydroxyl group, a halogen atom, and a nitro group.

[0022] Examples of the 5- or 6-membered ring formed by combining Z and L, , with each other include a tetrahydropyran
ring and a tetrahydrofuran ring.

[0023] Inthe presentinvention, Z is preferably a linear or branched alkyl group. By virtue of this construction, the effect
of the present invention is brought out more prominently.

[0024] Examples of the monovalent organic group of L include an alkyl group, a cycloalkyl group, an alkoxy group,
an acyl group, an acyloxy group, an aryl group, an aryloxy group, an aralkyl group, an aralkyloxy group, a hydroxy group,
a halogen atom, a cyano group, a nitro group, a sulfonylamino group, an alkylthio group, an arylthio group and an
aralkylthio group.

[0025] In the monovalent organic group of L, the alkyl group and the alkyl group in the alkoxy group, acyl group,
acyloxy group and alkylthio group are preferably a linear or branched alkyl group having a carbon number of 1 to 20,
such as methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, isobutyl group, tert-butyl group, pentyl
group, hexyl group, octyl group and dodecyl group.

[0026] In the monovalent organic group of L, the cycloalkyl group is preferably a cycloalkyl group having a carbon
number of 3 to 20, such as cyclopropyl group, cyclobutyl group, cyclopentyl group and cyclohexyl group.

[0027] Inthe monovalent organic group of L, the aryl group and the aryl group in the aryloxy group and arylthio group
generally include an aryl group having a carbon number of 6 to 14, such as phenyl group, xylyl group, toluyl group,
cumenyl group, naphthyl group and anthracenyl group.

[0028] In the monovalent organic group of L, the aralkyl group and the aralkyl group in the aralkyloxy group and
aralkylthio group include an aralkyl group having a carbon number of 7 to 15, such as benzyl group and phenethyl group.
[0029] These groups each may further have a substituent, and preferred examples of the substituent which these
groups each may further have include an alkyl group, an alkoxy group, a hydroxyl group, a halogen atom, a nitro group,
an acyl group, an acyloxy group, an acylamino group, a sulfonylamino group, an alkylthio group, an arylthio group, an
aralkylthio group, a thiophenecarbonyloxy group, a thiophenemethylcarbonyloxy group and a heterocyclic residue such
as pyrrolidone residue.

[0030] In formula (lla), the group capable of leaving under the action of an acid of A, is preferably a hydrocarbon
group (preferably having a carbon number of 20 or less, more preferably from 4 to 12), more preferably a tertiary alkyl
group such as tert-butyl group and tert-amyl group, or an alicyclic or aromatic ring-containing hydrocarbon group (for
example, an alicyclic group itself, or a group with the alkyl group being substituted by an alicyclic group).

[0031] The alicyclic structure may be monocyclic or polycyclic. Specific examples thereof include a monocyclo, bicyclo,
tricyclo or tetracyclo structure having a carbon number of 5 or more. The carbon number of the alicyclic structure is
preferably from 6 to 30, more preferably from 7 to 25.

[0032] The preferred alicyclic structure includes, as denoted in terms of the monovalent alicyclic group, an adamantyl
group, a noradamantyl group, a decalin residue, a tricyclodecanyl group, a tetracyclododecanyl group, a norbornyl group,
a cedrol group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a cyclodecanyl group and a cyclododecanyl
group. Among these, an adamantyl group, a decalin residue, a norbornyl group, a cedrol group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a cyclodecanyl group and a cyclododecanyl group are more preferred.

[0033] The hydrocarbon group having such an alicyclic structure may have a substituent. The substituent which the
alicyclic ring in these groups may have includes an alkyl group, a halogen atom, a hydroxyl group, an alkoxy group, a
carboxyl group, and an alkoxycarbonyl group. The alkyl group is preferably a lower alkyl group such as methyl group,
ethyl group, propy! group, isopropyl group and butyl group, more preferably a methyl group, an ethyl group, a propyl
group or an isopropyl group. The alkoxy group includes an alkoxy group having a carbon number of 1 to 4, such as
methoxy group, ethoxy group, propoxy group and butoxy group. The alkyl group and alkoxy group each may further
have a substituent. The substituent which the alkyl group and alkoxy group each may further have includes a hydroxyl
group, a halogen atom and an alkoxy group.

[0034] The alicylcic structure-containing group capable of leaving under the action of an acid is preferably a group
represented by any one of the following formulae (pl) to (pV):

-
C: K (pl)

/‘ ! p
\‘ ’Z

‘~--"
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—C'—H13 (p")

o i)

Z% (PIV)
l |

2= 9
-IC—CH—C—R24 (PV)

Ras

[0035] Informulae (pl) to (pV), Ry 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.

[0036] Z represents an atomic group necessary for forming an alicyclic hydrocarbon group together with the carbon
atom.

[0037] Ry, to Ryg each independently represents a linear or branched alkyl group having a carbon number of 1 to 4,
or an alicyclic hydrocarbon group, provided that at least one of Ry, to R4, or either R5 or Ry, represents an alicyclic
hydrocarbon group.

[0038] R;7to R, each independently represents a hydrogen atom, a linear or branched alkyl group having a carbon
number of 1 to 4, or an alicyclic hydrocarbon group, provided that at least one of R;; to R,; represents an alicylcic
hydrocarbon group. Also, at least either R;q or R, represents a linear or branched alkyl group having a carbon number
of 1 to 4, or an alicyclic hydrocarbon group.

[0039] R, to R, each independently represents a hydrogen atom, a linear or branched alkyl group having a carbon
number of 1 to 4, or an alicyclic hydrocarbon group, provided that at least one of R,, to R, represents an alicyclic
hydrocarbon group. R,3 and R,, may combine with each other to form a ring.

[0040] In formulae (pl) to (pV), examples of the linear or branched alkyl group having a carbon number of 1 to 4 of
R15 to R,5 include a methyl group, an ethyl group, an n-propyl group, an isopropy! group, an n-butyl group, an isobutyl
group, a sec-butyl group and a tert-butyl group.

[0041] The alkyl group may have a substituent. Examples of the substituent which the alkyl group may further have
include an alkoxy group having a carbon number of 1 to 4, a halogen atom (fluorine, chlorine, bromine, iodine), an acyl
group, an acyloxy group, a cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl group and a nitro group.
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[0042] The alicyclic hydrocarbon group in R4 to R, and the alicyclic hydrocarbon group formed by Z and the carbon
atom include those described above as the alicyclic structure.

[0043] Specific examples of the alicyclic structure-containing group capable of leaving under the action of an acid as
A, are set forth below, but the present invention is not limited thereto.

CH3 : CH3

?H3 CH3
*—C
|

[0044] The aromatic ring-containing group capable of leaving under the action of an acid as A, is preferably a group
represented by the following formula (pVI):

[0045] Informula (pVI), Ry represents an alkyl group.

[0046] R, represents an aryl group.

[0047] The alkyl group of Ry in formula (pV1) is the same as the alkyl group in Ry, to Rys.

[0048] The aryl group of Ry is preferably an aryl group having a carbon number of 6 to 14 and may have a substituent
such as alkyl group, aralkyl group, halogen atom, nitro group, cyano group, hydroxy group, alkoxy group, acyl group
and acyloxy group. The aryl group is preferably an aryl group having a benzene ring or a naphthalene ring.
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[0049] Theresin (B1) has a group capable of decomposing under the action of an acid to increase the solubility in an
aqueous alkali solution (hereinafter sometimes referred to as an "acid-decomposable group"”).

[0050] Examples of the acid-decomposable group include a group where a hydrogen atom of an alkali-soluble group
such as carboxyl group, phenolic hydroxyl group, sulfonic acid group and thiol group is protected by a group capable of
leaving under the action of an acid.

[0051] Examples of the group capable of leaving under the action of an acid include - C(R34)(R37)(Rag), -C(R36)(R37)
(ORgg), -C(=0)-0-C(R36)(R37)(R3g), ~C(Rp1)(Rg2)(OR3g), and -C(Rp1)(Rp,)-C(=0)-0-C(R36)(R37)(R3g)

[0052] In the formulae, R;g to R3q €ach independently represents an alkyl group, a cycloalkyl group, an aryl group,
an aralkyl group or an alkenyl group. Rz and R5; may combine with each other to form a ring.

[0053] Rg; and Ry, each independently represents a hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group,
an aralkyl group or an alkenyl group.

[0054] The acid-decomposable group in the resin (B1) may be an -OA; group in formula (la) or a -C(=0O)-A, group in
formula (lla), where A; or A, leaves under the action of an acid and as a result, a hydroxyl group or a carboxyl group is
produced in the repeating unit represented by formula (Ia) or (lla), or may be another group which decomposes under
the action of an acid to produce an alkali-soluble group such as hydroxyl group and carboxyl group in the residue bonded
to the repeating unit.

[0055] The monomer corresponding to the repeating unit represented by formula (l1a) may be synthesized by acetalizing
a hydroxy-substituted styrene monomer and a vinyl ether compound in a solvent such as THF and methylene chloride
in the presence of an acidic catalyst such as p-toluenesulfonic acid and pyridine p-toluenesulfonate, or by effecting tert-
Boc protection using tert-butyl dicarboxylate in the presence of a basic catalyst such as triethylamine, pyridine and DBU.
A commercially available product may also be used.

[0056] The monomer corresponding to the repeating unitrepresented by formula (Ila) may be synthesized by esterifying
a (meth)acrylic acid chloride and an alcohol compound in a solvent such as THF, acetone and methylene chloride in
the presence of a basic catalyst such as triethylamine, pyridine and DBU. A commercially available product may also
be used.

[0057] Specific examples of the repeating unit represented by formula (la) are set forth below, but the presentinvention
is not limited thereto.

CHs CHs

-—-(—CHz—CH)- —(-CHz—tlz —)— —60H2—CH)- —¢CH2—(!J —)—

OH OH
OH OH

~CHy;—CH— —CHy—CH—

TR

—CHZ_’CH-'
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—CH,—CH— —CH—CH=
—CH,—CH— 2

°\r°\/\<:> o\ro\/@ o\ro\»o@

—CH,—CH— —CH,—CH— . ~——CH,—CH—

t OCOOC(CH)3

—CHy—CH— —CH,—CH—
OC(CH3)3 OC(CH3)2(CoHs)
cHy CHy CHa CHs
—CHj,- C— —CH,- C—

R TN

\r \( O OO\@

CHj CHj (|:H3

—CH,-C— —CH,-C— —CHy=C—

(0]

OC(CHa)
OYO\/\O /© OYOC(CH3)3 3)3

[0058] Specific examples of the polymerizable monomer corresponding to the repeating unit represented by formula
(Ila) or specific examples of the repeating unit represented by formula (l1a) are set forth below, but the present invention

is not limited thereto.

10
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CHs H
ot ot
o c
CHg H
<>t =1
w) [s)
CHs (CHp)3CHy H CH(CH3)2
=t >t
0 ‘ e}
cH; CHa H CHs
YD D
o) o]
CHy (CH2iCHy H CH(CHa)>
R
o] 0
CHjy CH3
CHs - I H l
=° =°7T
o] CH3 o CH3
CH CH3;
CHy | ? H |
%{ o—C O CI:
|
O  (CHo)CHy O  (CHp)sCHj
CH; CHa H CH3
Lo Ao
o) o]
CH3 H3C H HiC
o] o]
o] o
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CHj,

{—CH—CH}- (—-CH——c|:—)—

(I:ozcl:H—Q— c':ozcle—Q—

CHoCH3 CH2CH;,
f—cH— CH-)- '(—CH c—)—
COch coch’
CH3
CH3
(—CH CH-)— f—CH c—}—
CH2CH3 CH20H3

(B2) Resin capable of decomposing under the action of an acid to increase the solubility in an aqueous alkali solution,
the resin having a repeating unit represented by formula (Ib) and/or a repeating unit represented by formula (lib) and
having a repeating unit represented by formula (lll) containing at least two aromatic ring structures

[0059] The positive resist composition of the present invention comprises (B2) a resin capable of decomposing under
the action of an acid to increase the solubility in an aqueous alkali solution, the resin having a repeating unit represented
by the following formula (Ib) and/or a repeating unit represented by formula (Ilb) and having a repeating unit represented
by formula (lll) containing at least two aromatic ring structures.

X
—(—CHZ—CI:—)-
7 (I b)

(L)mA/\(OA:s)n

[0060] In formula (Ib), X represents a hydrogen atom, a methyl group, or a halogen atom.

[0061] Ajrepresents a hydrogen atom or a group capable of leaving under the action of an acid, and when a plurality
of Ag’s are present, the plurality of Ay's may be the same or different.

[0062] L represents a monovalent organic group, a halogen atom, a cyano group or a nitro group, and when a plurality
of L's are present, the plurality of L's may be the same or different.

[0063] n represents an integer of 1 to 3.

[0064] m represents an integer of O to 2.
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Y
_€_CH2__(';+ (I1Db)
o

[0065] Informula(llb), Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group.
[0066] A, represents a hydrogen atom or a group capable of leaving under the action of an acid.

1
o
L4

AR1T(L2_AR2)

(I11)

n

[0067] Informula (lll), Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group.

[0068] L, represents asingle bond, an arylene group, an aralkylene group, a carbonyl group, an ester group, an imino
group, an ether group, or a divalent linking group comprising a combination of at least two kinds of groups thereof.
[0069] AR represents a phenylene group or a naphthylene group.

[0070] L, represents a single bond, a carbonyl group, an ester group, an imino group, an ether group, an alkylene
group, an aralkylene group, or a divalent linking group comprising a combination of at least two kinds of groups thereof,
and when a plurality of L,’s are present, the plurality of L,'s may be the same or different.

[0071] AR, represents a phenyl group or a naphthyl group, and when a plurality of AR,’s are present, the plurality of
AR,’s may be the same or different.

[0072] nrepresents an integer of O to 2.

[0073] X, L, nand minformula (Ib) have the same meanings as those in formula (la).

[0074] The group capable of leaving under the action of an acid in Az has the same meaning as the group capable of
leaving under the action of an acid in A, of formula (la).

[0075] Specific examples of the repeating unit represented by formula (Ib) are the same as those specific examples
of the repeating unit represented by formula (la).

[0076] Y informula (lIb) has the same meaning as that in formula (l1a).

[0077] The group capable of leaving under the action of an acid in A, has the same meaning as the group capable of
leaving under the action of an acid in A, of formula (lla).

[0078] Specific examples of the repeating unit represented by formula (IIb) are the same as those specific examples
of the repeating unit represented by formula (l1a).

[0079] Y in formula (ll1) has the same meaning as that in formula (Ila).

[0080] The arylene group of L, is preferably an arylene group having a carbon number of 6 to 14, specifically, a
phenylene or a naphthylene.

[0081] The alkylene group of L, is preferably a linear or branched alkylene group having a carbon number of 1 to 8,
and examples thereof include a methylene group, an ethylene group, a propylene group, a butylene group, a hexylene
group, and an octylene group.

[0082] Examples of the aralkylene group of L; and L, include a tolylene group and a xylylene group.

[0083] The repeating unit represented by formula (Ill) contains at least two aromatic ring structures. The number of
aromatic ring structures is preferably 2 or 3, more preferably 2.

[0084] The aromatic ring structure may be preset in any of L1, AR, and AR,.

[0085] The monomer corresponding to the repeating unit represented by formula (1) may be synthesized, for example,
by a method of causing a (meth)acrylic acid chloride and a base to act on a compound represented by the following
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formula (1):
HO-AR-(L-ARp), @)

(wherein ARy, L,, AR, and n have the same meanings as those in formula (I11)), thereby effecting esterification.
[0086] The resin (B2) has a group capable of decomposing under the action of an acid to increase the solubility in an
aqueous alkali solution (hereinafter sometimes referred to as an "acid-decomposable group"”).

[0087] Examples of the acid-decomposable group include a group where a hydrogen atom of an alkali-soluble group
such as carboxyl group, phenolic hydroxyl group, sulfonic acid group and thiol group is protected by a group capable of
leaving under the action of an acid.

[0088] Examples of the group capable of leaving under the action of an acid include - C(R34)(R37)(Rag), -C(R36)(R37)
(ORgg), -C(=0)-0-C(R36)(R37)(R3g), ~C(Rp1)(Rp2)(OR3g), and -C(Rp;)(Rpz)-C(=0)-O-C(R36)(R37)(R3g)-

[0089] In the formulae, R to R3g each independently represents an alkyl group, a cycloalkyl group, an aryl group,
an aralkyl group or an alkenyl group. Rz and R5; may combine with each other to form a ring.

[0090] Ry, and Ry, each independently represents a hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group,
an aralkyl group or an alkeny! group.

[0091] The acid-decomposable group in the resin (B2) may be an -OA; group in formula (Ib) or a -C(=0)-O-A, group
in formula (l1b), where A5 or A, leaves under the action of an acid and as a result, a hydroxyl group or a carboxyl group
is produced in the repeating unit represented by formula (Ib) or (1Ib), or may be another group which decomposes under
the action of an acid to produce an alkali-soluble group such as hydroxyl group and carboxyl group in the residue bonded
to the repeating unit.

[0092] Specific examples of the repeating unit represented by formula (I11) are set forth below, but the presentinvention
is not limited thereto.

~fem—on} —m} ~tem—on)- O
g o} ~fem— -f%—w%

= _—_t o= ot
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[0093] Itis also preferred that the resins (B1) and (B2) each further has a repeating unit represented by the following
formula (1V):

(V)

Ff1
frow—iy
]

(R3)p

X

[0094] Informula (IV), R, represents a hydrogen atom, a methyl group, a cyano group, a halogen atom, or a perfluor-
oalkyl group having a carbon number of 1 to 4.

[0095] Rj;represents a monovalent organic group incapable of decomposing under the action of an acid, or represents
a halogen atom, a cyano group or a nitro group.

[0096] p represents an integer of O to 5 and when p is an integer of 2 or more, the plurality of Ry’'s may be the same
or different.

[0097] Informula (1V), specific examples of the group incapable of decomposing under the action of an acid (sometimes
referred to as an acid-stable group) of R5 include an alkyl group, a cycloalkyl group, an aryl group, an alkenyl group, an
alkyloxy group, a cycloalkyloxy group, an aryloxy group, an alkenyloxy group, an alkylcarbonyloxy group, a cycloalkyl-
carbonyloxy group, an arylcarbonyloxy group, an alkylamidomethyloxy group, an alkylamide group, an arylamidomethyl
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group and an arylamide group. The acid-stable group is preferably an alkyl group, a cycloalkyl group, an aryl group, an
alkyloxy group, a cycloalkyloxy group, an aryloxy group, an alkylcarbonyloxy group, a cycloalkylcarbonyloxy group, an
arylcarbonyloxy group, an alkylamideoxy group or an alkylamide group, more preferably an alkyl group, a cycloalkyl
group, an aryl group, an alkyloxy group, a cycloalkyloxy group, an aryloxy group, an alkylcarbonyloxy group, a cycloalkyl-
carbonyloxy group or an arylcarbonyloxy group. In the acid-stable group, the alkyl group and the alkyl group in the
alkyloxy group, alkylcarbonyloxy group, alkylamidomethyloxy group and alkylamide group are preferably an alkyl group
having a carbon number of 1 to 10, and examples thereof include a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, a pentyl group, an isopentyl group, a neopentyl
group and a tert-pentyl group. The cycloalkyl group and the cycloalkyl group in the cycloalkyloxy group and cycloalkyl-
carbonyloxy group are preferably a cycloalkyl group having a carbon number of 3 to 10, such as cyclopropyl group,
cyclobutyl group, cyclohexyl group and adamantyl group. The alkenyl group and the alkenyl group in the alkenyloxy
group are preferably an alkenyl group having a carbon number of 2 to 4, such as vinyl group, propenyl! group, allyl group
and butenyl group.

[0098] Specific examples of the repeating unit represented by formula (IV) are set forth below, but the presentinvention
is not limited thereto.

fowony  fowont foweny  fonrony

CHg
tore¢—r '('c"fz')' - ooy ~+CH-CH -

CN

fcH—cHy  feH—cny fcrp—cHy {cH—cHy

OCH; OCOCH; 0Cco OCOO

[0099] The resin (B1) may have a repeating unit represented by formula (Ia) and a repeating unit represented by
formula (Ila) each in combination of two or more kinds thereof.

[0100] The content of the repeating unit represented by formula (Ia) in the resin (B1) is preferably from 40 to 100
mol%, more preferably from 50 to 95 mol%, still more preferably from 60 to 90 mol%, based on all repeating units.
[0101] The content of the repeating unit represented by formula (l1a) in the resin (B1) is preferably from 0 to 60 mol%,
more preferably from 10 to 50 mol%, still more preferably from 20 to 40 mol%, based on all repeating units.

[0102] The content of the repeating unit having an acid-decomposable group represented in the resin (B1) is preferably
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from 5 to 40 mol%, more preferably from 10 to 35 mol%, still more preferably from 10 to 25 mol%, based on all repeating
units.

[0103] The resin (B2) may have a repeating unit represented by formula (Ib), a repeating unit represented by formula
(IIb) and a repeating unit represented by formula (Ill) each in combination of two or more kinds thereof.

[0104] The content of the repeating unit represented by formula (Ib) in the resin (B2) is preferably from 40 to 90 mol%,
more preferably from 50 to 85 mol%, still more preferably from 60 to 80 mol%, based on all repeating units.

[0105] The content of the repeating unit represented by formula (lIb) in the resin (B2) is preferably from 0 to 50 mol%,
more preferably from 10 to 40 mol%, still more preferably from 15 to 30 mol%, based on all repeating units.

[0106] The content of the repeating unit represented by formula (l11) in the resin (B2) is preferably from 3 to 40 mol%,
more preferably from 5 to 30 mol%, still more preferably from 7 to 20 mol%, based on all repeating units.

[0107] The content of the repeating unit having an acid-decomposable group in the resin (B2) is preferably from 5 to
40 mol%, more preferably from 10 to 35 mol%, still more preferably from 15 to 30 mol%, based on all repeating units.
[0108] The resins (B1) and (B2) each may further have a repeating unit represented by formula (IV), and this is
preferred from the standpoint of enhancing the film quality, reducing the film loss in the unexposed area, or the like. The
content of the repeating unit represented by formula (1V) is preferably from 0 to 40 mol%, more preferably from 0 to 30
mol%, still more preferably from 0 to 20 mol%, based on all repeating units in each resin.

[0109] In the resins (B1) and (B2), for maintaining good developability with an alkali developer, another appropriate
polymerizable monomer may be copolymerized so that an alkali-soluble group such as phenolic hydroxyl group or
carboxyl group can be introduced, or for enhancing the film quality, another hydrophobic polymerizable monomer such
as alkyl acrylate and alkyl methacrylate may be copolymerized.

[0110] The weight average molecular weight (Mw) of the resin (B1) is preferably from 5,000 to 20,000, more preferably
from 8,000 to 16,000, and the dispersity (Mw/Mn) is preferably from 1.0 to 1.5, more preferably from 1.0 to 1.3, still more
preferably from 1.0 to 1.2.

[0111] The weight average molecular weight (Mw) of the resin (B2) is preferably from 3,000 to 15,000, more preferably
from 5,000 to 15,000, and the dispersity (Mw/Mn) is preferably from 1.0 to 1.5, more preferably from 1.0 to 1.3, still more
preferably from 1.0 to 1.2.

[0112] The weight average molecular weight as used herein is defined as a polystyrene-reduced value determined
by gel permeation chromatography.

[0113] The resins (B1) and (B2) for use in the present invention may be polymerized by using any method of radical
polymerization, anionic polymerization or cationic polymerization, but from the standpoint of controlling the copolymer-
ization reaction, a radical polymerization method is preferred. Furthermore, from the standpoint of controlling the weight
average molecular weight and molecular weight distribution, a living radical polymerization method is more preferred.
Specific examples thereof include a method of using a compound selected from a nitroxide compound, an atom-transfer
polymerization system and a RAFT agent, and a radical polymerization initiator (azo-based or peroxide-based) in com-
bination. The acid-decomposable protective group may be introduced by either a method of copolymerizing a monomer
having an acid-decomposable protective group, or a method of introducing a protective group into a resin having an
alkali-soluble hydroxyl group such as phenolic hydroxyl group or a carboxyl group, but in the case of having a repeating
unit represented by formula (l1a) or a repeating unit represented by formula (11b), a method of copolymerizing a monomer
having an acid-decomposable protective group is preferred.

[0114] The resins (B1) and (B2) each may be used in combination of two or more kinds thereof.

[0115] The amount of the resins (B1) and (B2) added is, as the total amount, usually from 10 to 96 mass%, preferably
from 15 to 96 mass%, more preferably from 20 to 95 mass%, based on the entire solid content of the positive resist
composition. (In this specification, mass ratio is equal to weight ratio.)

[0116] The resin (Bl)/resin (B2) ratio (by mass) varies depending on the 248 nm absorbance of the repeating unit
represented by formula (l11) in the resin (B2), but generally, the ratio is preferably from 95/5 to 60/40.

[0117] Specific examples of the resin (B1) are set forth below, but the present invention is not limited thereto.

CHy— —fcnz cuz— H
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Specific examples of the resin (B2) are set forth below, but the present invention is not limited thereto.
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(A) Compound capable of generating an acid upon irradiation with actinic rays or radiation

[0119] The positive resist composition of the present invention comprises a compound capable of generating an acid
upon irradiation with actinic rays or radiation (hereinafter sometimes referred to as an "acid generator").

[0120] The acid generator which can be used may be appropriately selected from a photoinitiator for photocationic
polymerization, a photoinitiator for photoradical polymerization, a photo-decoloring agent for coloring matters, a photo-
discoloring agent, a compound known to generate an acid upon irradiation with actinic rays or radiation and used for
microresist or the like, and a mixture thereof.

[0121] Examples thereof include a diazonium salt, a phosphonium salt, a sulfonium salt, an iodonium salt, an imido-
sulfonate, an oxime sulfonate, a diazodisulfone, a disulfone and an o-nitrobenzyl sulfonate.

[0122] Also, a compound where such a group or compound capable of generating an acid upon irradiation with actinic
rays 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.

[0123] 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.

[0124] Out of the compounds capable of generating an acid upon irradiation with actinic rays or radiation, the com-
pounds represented by the following formulae (ZI), (ZIl) and (ZI11) are preferred.
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[0125] Informula (ZI), Rygq, Rogp @nd R,g3 €ach independently represents an organic group.

[0126] X represents a non-nucleophilic anion, and preferred examples thereof include sulfonate anion, carboxylate
anion, bis(alkylsulfonyl)amide anion, tris(alkylsulfonyl)methide anion, BF,-, PF4 and SbFg". The anion is preferably an
organic anion containing a carbon atom.

[0127] The preferred organic anion includes organic anions represented by the following formulae (AN1) to (AN4):

ResSO, RC3SOz<
Rc~S03° RcCO,° Ne Rc4802-/C ®
RcsSO; RcsSO,

AN1 AN2 AN3 AN4

[0128] Informulae (AN1) and (AN2), Rc, represents an organic group.

[0129] The organic group in Rc, includes an organic group having a carbon number of 1 to 30 and is preferably an
alkyl, cycloalkyl or aryl group which may be substituted, or a group where a plurality of such groups are connected
through a single bond or a linking group such as -O-, -CO,- -S-, -SO5- and -SO,N(Rd,)-. Rd; represents a hydrogen
atom or an alkyl group and may form a ring structure together with the alkyl, cycloalkyl or aryl group to which Rd, is bonded.
[0130] The organic group of Rc, is more preferably an alkyl group substituted by a fluorine atom or a fluoroalkyl group
at the 1-position, 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 increases and the sensitivity is
enhanced. When Rc, has 5 or more carbon atoms, at least one carbon atom is preferably such that a hydrogen atom
remains without replacing all hydrogen atoms by a fluorine atom, and more preferably such that the number of hydrogen
atoms is larger than the number of fluorine atoms. The absence of a perfluoroalkyl group having a carbon number of 5
or more enables reduction in the toxicity to ecology.

[0131] The still more preferred embodiment of Rc; is a group represented by the following formula.

Rc,-Ax-Rcg

[0132] Inthe formula, Rcg represents a perfluoroalkylene group having a carbon number of 4 or less, preferably from
2to 4, more preferably 2 or 3, or a phenylene group substituted by from 1 to 4 fluorine atoms and/or from 1 to 3 fluoroalkyl
groups.

[0133] Axrepresents a single bond or a divalent linking group (preferably -O-, -CO,-, -S-, -SO5- or -SO,N(Rd;)-). Rd;
represents a hydrogen atom or an alkyl group and may combine with Rc; to form a ring structure.

[0134] Rc; represents a hydrogen atom, a fluorine atom, a linear or branched alkyl group which may be substituted,
a monocyclic or polycyclic cycloalkyl group which may be substituted, or an aryl group which may be substituted. The
alkyl group, cycloalkyl group and aryl group, which each may be substituted, preferably contain no fluorine atom as the
substituent.

[0135] Informulae (AN3) and (AN4), Rc;, Rc, and Reg each independently represents an organic group.

[0136] The preferred organic groups for Rc, Rc, and Rcg are the same as the preferred organic groups in Rc;.
[0137] Rc3and Rcy may combine to form a ring.
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[0138] The group formed by combining Rc; and Rc, includes an alkylene group and an arylene group and is preferably
a perfluoroalkylene group having a carbon number of 2 to 4. When Rc; and Rc, combine to form a ring, the acidity of
the acid generated upon irradiation with light increases and this is preferred because the sensitivity is enhanced.
[0139] The carbon number of the organic group as R,q1, Rog, and R,q3 is generally from 1 to 30, preferably from 1 to 20.
[0140] Two members out of R,y to Ry53 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.

[0141] Examples of the group formed by combining two members out of R,y t0 Ryg3 include an alkylene group (e.g.,
butylene, pentylene).

[0142] Specific examples of the organic group as R,q1, Rogo and R,q5 include corresponding groups in the compounds
(Z1-1), (ZI-2) and (ZI-3) which are described later.

[0143] 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 that at least one of R,g1. t0 Ryg5 in the compound represented
by formula (ZI) is bonded to at least one of Ry, t0 Ryg3 in another compound represented by formula (Z1).

[0144] The component (ZI) is more preferably a compound (ZI-1), (ZI-2) or (ZI-3) described below.

[0145] The compound (ZI-1) is an arylsulfonium compound where at least one of R,g; t0 R,g3 in formula (Z1) is an
aryl group, that is, a compound having an arylsulfonium as the cation.

[0146] In the arylsulfonium compound, R, t0 Ryg3 all may be an aryl group or a part of R,p; t0 Ryg3 may be an aryl
group with the remaining being an alkyl group or a cycloalkyl group.

[0147] Examples of the arylsulfonium compound include a triarylsulfonium compound, a diarylalkylsulfonium com-
pound, an aryldialkylsulfonium compound, a diarylcycloalkylsulfonium compound, and an aryldicycloalkylsulfonium com-
pound.

[0148] 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.

[0149] 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.

[0150] The cycloalkyl group which is present, if desired, in the arylsulfonium compound is preferably a cycloalkyl group
having a carbon number of 3to 15, and examples thereof include a cyclopropy! group, a cyclobutyl group and a cyclohexyl
group.

[0151] The aryl group, alkyl group and cycloalkyl group of R,q4, to Ryg3 €ach may have, as the substituent, an alkyl
group (for example, an alkyl group having a carbon number of 1 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 R,g; to R,q3 Or may be
substituted to all of these three members. In the case where Ry, t0 Ryg3 are an aryl group, the substituent is preferably
substituted at the p-position of the aryl group.

[0152] The compound (ZI-2) is described below.

[0153] The compound (ZI-2) is a compound where Ry, t0 Ryg3 in formula (ZI) each independently represents an
aromatic ring-free organic group. The aromatic ring as used herein includes an aromatic ring containing a heteroatom.
[0154] The aromatic ring-free organic group as R,q; to Ryg3 generally has a carbon number of 1 to 30, preferably from
1 to 20.

[0155] R,qq to Ryp3 €achis 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.

[0156] The alkyl group as Ry, to Ryg3 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 R,q; t0 Ryo3
is preferably a linear or branched 2-oxoalkyl group or an alkoxycarbonylmethyl group.

[0157] The cycloalkyl group as R, to Ryg5 includes a cycloalkyl group preferably having a carbon number of 3 to 10
(e.g., cyclopentyl, cyclohexyl, norbornyl). The cycloalkyl group as R,q4, t0 Ryg3 is preferably a cyclic 2-oxoalkyl group.
[0158] The 2-oxoalkyl group as Ry to R,q3 may be linear, branched or cyclic and is preferably a group having >C=0
at the 2-position of the above-described alkyl or cycloalkyl group.

[0159] The alkoxy group in the alkoxycarbonylmethyl group as R,g; to Ryg3 includes an alkoxy group preferably having
a carbon number of 1 to 5 (e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy).
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[0160] R,qqto Ryg5 €ach 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.

[0161] The compound (ZI-3) is a compound represented by the following formula (ZI-3), and this is a compound having
a phenacylsulfonium salt structure.

Rx
Re T é
~~
Rac Ry (Z -3 )
Rec Rvc
Rsc Rsc X~
Rac

[0162] Informula(ZI-3), R, to R, each independently represents a hydrogen atom, an alkyl group, a cycloalkyl group,
an alkoxy group or a halogen atom.

[0163] Rg. and R, each independently represents a hydrogen atom, an alkyl group or a cycloalkyl group.

[0164] R, and Ry each independently represents an alkyl group, a cycloalkyl group, an allyl group or a vinyl group.
[0165] Any two or more members out of Ry to R, or a pair of R, and Ry may combine with each other to form a ring
structure, and the ring structure may contain an oxygen atom, a sulfur atom, an ester bond or an amide bond. Examples
of the group formed by combining any two or more members out of R, to R, or a pair of R, and Ry include a butylene
group and a pentylene group.

[0166] X- represents a non-nucleophilic anion, and examples thereof are the same as those of the non-nucleophilic
anion of X in formula (ZI).

[0167] The alkyl group as R4 to R, may be linear or branched and is, 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 (for
example, a methyl group, an ethyl group, a linear or branched propyl group, a linear or branched butyl group, and a
linear or branched pentyl group).

[0168] The cycloalkyl group as Ry to R, is a cycloalkyl group having a carbon number of 3 to 20, preferably a
cycloalkyl group preferably having a carbon number of 3 to 8 (e.g., cyclopentyl, cyclohexyl).

[0169] The alkoxy group as R, to Rs. may be linear, branched or cyclic and is, 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 (for example,
a methoxy group, an ethoxy group, a linear or branched propoxy group, a linear or branched butoxy group, and a linear
or branched pentoxy group), or a cyclic alkoxy group having a carbon number of 3 to 8 (e.g., cyclopentyloxy, cyclohex-
yloxy).

[0170] A compound where any one of Ry to Rg. 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 R to Rs, is from
2to 15is more preferred. By virtue of this construction, the solvent solubility is more enhanced and generation of particles
during storage is suppressed.

[0171] The alkyl group as R, and Ry is the same as the alkyl group of R to R;.. The alkyl group as R, and Ry is
preferably a linear or branched 2-oxoalkyl group or an alkoxycarbonylmethyl group.

[0172] The cycloalkyl group as R, and Ry is the same as the cycloalkyl group of R, to R,.. The cycloalkyl group as
R, to Ry is preferably a cyclic 2-oxoalkyl group.

[0173] 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 as Ry to Ry.

[0174] The alkoxy group in the alkoxycarbonylmethyl group is the same as the alkoxy group of Ry t0 R,

[0175] R, 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.

[0176] In formulae (ZII) and (ZIIl), Ryg4 to Ryg7 €ach independently represents an aryl group which may have a
substituent, an alkyl group which may have a substituent, or a cycloalkyl group which may have a substituent.

[0177] The aryl group of Ry, to Ry7 is preferably a phenyl group or a naphthyl group, more preferably a phenyl group.
[0178] The alkyl group of Ryg4 to Ryg7 may be linear or branched and is preferably a linear or branched alkyl group
having a carbon number of 1 to 10 (e.g., methyl, ethyl, propyl, butyl, pentyl).

[0179] The cycloalkyl group of R,q,4 to Ryq7 is preferably a cycloalkyl group having a carbon number of 3 to 10 (e.g.,
cyclopentyl, cyclohexyl, norbornyl).
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[0180] Examples of the substituent which Ry, to Ryg7 €ach may have include an alkyl group (for example, an alkyl
group having a carbon number of 1 to 15), a cycloalkyl group (for example, a cycloalkyl group having a carbon number
of 3to 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 hydroxy! group and a phenylthio group.
[0181] X represents a non-nucleophilic anion and is the same as the non-nucleophilic anion of X- in formula (ZI).
[0182] Out of the compounds capable of generating an acid upon irradiation with actinic rays or radiation, preferred
compounds further include the compounds represented by the following formulae (ZIV), (ZV) and (ZV1):

0 0—8027Ra0s
N 1
Ar3S0,-S0O,;~Ary RZOG-SOZO—NYA Ra08~ Rao7

0]

yA\Y yAY, yAY

[0183] Informulae (ZIV) to (ZVI), Arz and Ar, each independently represents a substituted or unsubstituted aryl group.
[0184] R, represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, or
a substituted or unsubstituted aryl group.

[0185] R,o7 and Rygg each independently represents a substituted or unsubstituted alkyl group, a substituted or
unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, or an electron-withdrawing group. R,q7 is
preferably a substituted or unsubstituted aryl group, and R,qg is preferably an electron-withdrawing group, more preferably
a cyano group or a fluoroalkyl group.

[0186] Arepresents a substituted or unsubstituted alkylene group, a substituted or unsubstituted cycloalkylene group,
a substituted or unsubstituted alkenylene group, or a substituted or unsubstituted arylene group.

[0187] Among the compounds capable of generating an acid upon irradiation with actinic rays or radiation, the com-
pounds represented by formulae (ZI) to (ZIIl) are preferred, the compound represented by formula (ZI) is more preferred,
and the compounds represented by formulae (ZI-1) to (ZI-3) are still more preferred.

[0188] Furthermore, a compound capable of generating an acid represented by any one of the following formulae
(AC1) to (AC3) upon irradiation with actinic rays or radiation is preferred.

RC3SOZ RC3SOZ
\
Rc,—SO3H NH  Rc,SO, CH
/
RC4SOZ RC5802
AC1 AC2 AC3

[0189] That is, a preferred embodiment of the component (A) is a compound where in the structure of formula (ZI),
X- is an anion selected from formulae (AN1), (AN3) and (AN4).

[0190] As for the acid generator, at least two kinds of acid generators selected from the group consisting of a triaryl-
sulfonium salt, an oxime sulfonate compound and a diazodisulfone compound are preferably used.

[0191] Asforthe acid generator, a sulfonium salt having a bis(alkylsulfonium)amide anion or a tris(alkylsulfonyl)methide
anion is preferably used.

[0192] Out of the compounds capable of generating an acid upon irradiation with actinic rays or radiation, particularly
preferred examples are set forth below, but the present invention is not limited thereto.

(3)

(@)'33 CF3S0y” (@33* C4F ¢SOy (@33* CeF 17505
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32



10

15

20

25

30

35

40

45

50

55

EP 1975715 A2

_ . : S§* CeF 13S0y
(@}—39 CoF5S0; (@35 CaF7S0; (@)}, 6133

(24) (25) (26)
GF; Q
(Os s (Os oo-Q  ~Ors cwusos
CF @
) (28) ’ (29)

(@};r CiiF2c00 (s CoFs0-CafeSOy (Or s _OBS%

z10) (z11) (129 O
o SR 0.
OO 2o yr OO+ os- Ly
gt O ¢ F

O @ (z14)

(z13)

3 e O

(z15) (z16) (z17)

(z18) (z19) (z20)

Q O
(O -oas;@?; (O 200 ~Ors owsos
2 F F o @

(z21) (222) - (223)

33



10

15

20

25

30

35

40

45

50

55

EP 1975715 A2

C\S:j‘)\/ Cé\& C4F93538\’< C4FoSO5 @{V@

C4FgSO53 CF3S03 4FgSO3”
(z24) (225) (z26) (227) (228)
C4F9303
C4FgSO5 N-O- § CFs N-O- § C4Fq
(229) (z30) (231) (232)
ON, 0 ON 0O ON O
N-O-§-CF —d—scs@ §-82§ §-6-%
o —OHEO- OFFO HEH
(233) (z34) (35) (236)
O S C4F9 O S C4Fg CN Q
‘NIO'ﬁ‘CF:;
"MeO
(237) (238) (239)
o]
(0] CF + +
HyCH,CH,C-8-0., AL ©)\/Q 9
o CF3SO04 C4FgSO5
0" /3 CH,
(240) (z41) (242)

st~ m
: - C4FgSO7
mC4FgSO3- C4F9$O3

(z43) (z44) (245)

34



10

15

20

25

30

35

40

45

50

55

OH
0 (|:4H9 o C|312H25 o} O
N s? S ;
~ ~, C4FQSO3
C4H9 C12H25 C,FoSOx .
C4FgS0s C4FoSOs 47993 S
(246) (247) (248) (z49)
SOy SOy SOy
F F + F F . F F
(OYs j@j (O¥s (Os
3 F F F F F F
OCi2Hzs SCizHzs 0=(§)‘¢1sz5
(z50) (z51) (z52)
FF _FEF FF FF _/Q
+ -0,8 o) CoH
(O)g osttottet= (Ofs osttott o
3 FF FF
(253) (254)
? O F OBu ,
+ ] ' §S
(O %7 (O = L7 TS5
3 04” F 3 °¢|S| FF s* o4ﬁ FF
° o " wAlS
(z55) (z56) (287)
N OF 2 o ch CoF
. F 0=$-CFs N i
O=,S F + N s’ N
/ o"'j.s}': ( @5 OS.S’CgF,s < @3 0=8-CFy
Ss? S F '0 (o}
OF
(258) (259) (z60)
N/ /@/O
0 g O
5+ C4FeS0s ( 38* F\f/? ‘NS F So
<] FO OF"FfO
(z61) (z62)

EP 1975715 A2

35



10

15

20

25

30

35

40

45

50

55

FFFO

@}33 -0,8—+++5—N

FFFoQ

EP 1975715 A2

(z63)

FFFO
O o204~

(264)

FF
Ors oY “ ) ~ SuFesOs

(z69) (266) (@87)
FFFO FFFO
€ Hs -oss+++$0 € s oss++§0< )-cHo
3 FFFQ : 3 FFFQ
(z68) (269)
oFs CaFs CeFo
o: lso<") 0:$.09 ooy
$® © C—S-CF _&. \_ .
( o3 3 —@—se @c': S-CoFs O—@s@ oc §-CiFy
o O og° 080
CFa CaFs CoFo
(z70) z71) (272)
oBu CoFs , CoFs
CO 0%, O °1%
-— "
of °F 5 e §o oc—fors
7 oso J 0-s-0°
CFs CFs
(z73) (z74)

36



10

15

20

25

30

35

40

45

50

55

EP 1975715 A2

FF
4o OfH —ofe

(z78) (z79) (280)

[0193] One of these 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 in combination, compounds capable of generating two or more organic acids
differing in the total number of atoms except for hydrogen atom by 2 or more are preferably combined.

[0194] The content of the acid generator in the composition 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.

Organic Basic Compound:

[0195] In the present invention, an organic basic compound is preferably used, for example, from the standpoint of
enhancing the performance such as resolving power or enhancing the storage stability. The organic basic compound is
more preferably a compound containing a nitrogen atom (nitrogen-containing basic compound).

[0196] The organic basic compound preferred in the present invention is a compound having basicity stronger than
that of phenol.

[0197] The preferred chemical environment thereof includes structures of the following formulae (A) to (E). The struc-
tures of formulae (B) to (E) each may be a part of a ring structure.

IFZOI
R200_ - 202 “(A)

I

-N-C=N- ~+(B)
] I

=C-N=C~ ~(C)

| |
=C-N- (D)
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[0198] In formula (A), R200, R201 gand R202, which may be the same or different, each represents a hydrogen atom,
an alkyl group or cycloalkyl group having a carbon number of 1 to 20, or an aryl group having a carbon number of 6 to
20, and R201 and R20Z may combine with each other to form a ring.

[0199] The alkyl group, cycloalkyl group and aryl group as R200, R201 and R202 each may have a substituent. The
alkyl group or cycloalkyl group having a substituent is preferably an aminoalkyl group or aminocycloalkyl group having
a carbon number of 1 to 20, or a hydroxyalkyl group having a carbon number of 1 to 20.

[0200] Informula (E), R203, R204 R205 and R296, which may be the same or different, each represents an alkyl group
or cycloalkyl group having a carbon number of 1 to 6.

[0201] The compound is more preferably a nitrogen-containing basic compound having two or more nitrogen atoms
differing in the chemical environment within one molecule, still more preferably a compound containing both a substituted
or unsubstituted amino group and a nitrogen-containing ring structure, or a compound having an alkylamino group.
[0202] Specific preferred examples thereof include guanidine, aminopyridine, aminoalkylpyridine, aminopyrrolidine,
indazole, imidazole, pyrazole, pyrazine, pyrimidine, purine, imidazoline, pyrazoline, piperazine, aminomorpholine and
aminoalkylmorpholine. Preferred examples of the substituent which these compounds each may have include an amino
group, an alkylamino group, an aminoaryl group, an arylamino group, an alkyl group (as the substituted alkyl group,
particularly an aminoalkyl group), an alkoxy group, an acyl group, an acyloxy group, an aryl group, an aryloxy group, a
nitro group, a hydroxyl group and a cyano group.

[0203] More preferred examples of the compound include, but are not limited to, guanidine, 1,1-dimethylguanidine,
1,1,3,3-tetramethylguanidine, imidazole, 2-methylimidazole, 4-methylimidazole, N-methylimidazole, 2-phenylimidazole,
4 ,5-diphenylimidazole, 2,4,5-triphenylimidazole, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, 2-dimethylami-
nopyridine, 4-dimethylaminopyridine, 2-diethylaminopyridine, 2-(aminomethyl)pyridine, 2-amino-3-methylpyridine, 2-
amino-4-methylpyridine, 2-amino-5-methylpyridine, 2-amino-6-methylpyridine, 3-aminoethylpyridine, 4-aminoethylpyri-
dine, 3-aminopyrrolidine, piperazine, N-(2-aminoethyl)piperazine, N-(2-aminoethyl)piperidine, 4-amino-2,2,6,6-tetram-
ethylpiperidine, 4-piperidinopiperidine, 2-iminopiperidine, 1-(2-aminoethyl)-pyrrolidine, pyrazole, 3-amino-5-methylpyra-
zole, 5-amino-3-methyl-1-p-tolylpyrazole, pyrazine, 2-(aminomethyl)-5-methylpyrazine, pyrimidine, 2,4-diaminopyrimi-
dine, 4,6-dihydroxypyrimidine, 2-pyrazoline, 3-pyrazoline, N-aminomorpholine and N-(2-aminoethyl)morpholine.
[0204] One of these nitrogen-containing basic compounds may be used alone, or two or more kinds thereof may be
used in combination.

[0205] A tetraalkylammonium salt-type nitrogen-containing basic compound may also be used. Among such com-
pounds, a tetraalkylammonium hydroxide having a carbon number of 1 to 8 (e.g., tetramethylammonium hydroxide,
tetraethylammonium hydroxide, tetra-(n-butyl)ammonium hydroxide) is preferred.

[0206] One of these nitrogen-containing basic compounds may be used alone, or two or more kinds thereof may be
used in combination.

[0207] As for the ratio between the acid generator and the organic basic compound used in the composition, the (total
amount of acid generators)/(organic basic compound) (molar ratio) is preferably from 2.5 to 300. When this molar ratio
is 2.5 or more, high sensitivity is obtained, and when the molar ratio is 300 or less, the resist pattern can be prevented
from thickening in aging after exposure until heat treatment and the resolving power can be enhanced. The (total amount
of acid generators)/(organic basic compound) (molar ratio) is more preferably from 5.0 to 200, still more preferably from
7.0 to 150.

Surfactant:

[0208] Inthe presentinvention, surfactants may be used and this is preferred in view of film-forming property, adhesion
of pattern, reduction of development defects, and the like.

[0209] Specific examples of the surfactant include a nonionic surfactant such as polyoxyethylene alkyl ethers (e.g.,
polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polyoxyethylene oleyl ether),
polyoxyethylene alkylallyl ethers (e.g., polyoxyethylene octylphenol ether, polyoxyethylene nonylphenol ether), polyox-
yethylenespolyoxypropylene block copolymers, sorbitan fatty acid esters (e.g., sorbitan monolaurate, sorbitan mon-
opalmitate, sorbitan monostearate, sorbitan monooleate, sorbitan trioleate, sorbitan tristearate), and polyoxyethylene
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sorbitan fatty acid esters (e.g., polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate, poly-
oxyethylene sorbitan monostearate, polyoxyethylene sorbitan trioleate, polyoxyethylene sorbitan tristearate); a fluorine-
containing surfactant and a silicon-containing surfactant, such as EFtop EF301, EF303 and EF352 (produced by Shin-
Akita Chemical Co., Ltd.), Megafac F171 and F173 (produced by Dainippon Ink & Chemicals, Inc.), Florad FC430 and
FC431 (produced by Sumitomo 3M Inc.), Asahiguard AG710, Surflon S-382, SC101, SC102, SC103, SC104, SC105
and SC106 (produced by Asahi Glass Co., Ltd.), and Troysol S-366 (produced by Troy Chemical Industries, Inc.); an
organosiloxane polymer, KP-341 (produced by Shin-Etsu Chemical Co., Ltd.); and acrylic acid-based or methacrylic
acid-based (co)polymers Polyflow No. 75 and No. 95 (produced by Kyoeisha Yushi Kagaku Kogyo Co., Ltd.).

[0210] As for the surfactant, the composition preferably contains any one of fluorine- and/or silicon-containing sur-
factants (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.

[0211] Examples of these surfactants include the surfactants described in JP-A-62-36663, JP-A-61-226746, JP-A-
61-226745, JP-A-62-170950, JP-A-63-34540, JP-A-7-230165, 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.

[0212] 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 Chemical Co., Ltd.), Florad FC430 and
431 (produced by Sumitomo 3M Inc.), Megafac F171, F173, F176, F189 and R08 (produced by Dainippon Ink & Chem-
icals, Inc.), Surflon S-382, SC101, 102, 103, 104, 105 and 106 (produced by Asahi Glass Co., Ltd.), and Troysol S-366
(produced by Troy Chemical Industries, Inc.). In addition, a polysiloxane polymer KP-341 (produced by Shin-Etsu Chem-
ical Co., Ltd.) may also be used as the silicon-containing surfactant.

[0213] Other than these known surfactants, a surfactant using a polymer having a fluoroaliphatic group derived from
a fluoroaliphatic compound produced by a telomerization process (also called a telomer process) or an oligomerization
process (also called an oligomer process) may be used. The fluoroaliphatic compound can be synthesized by the method
described in JP-A-2002-90991.

[0214] The polymer having a fluoroaliphatic group is preferably a copolymer of a fluoroaliphatic group-containing
monomer with a (poly(oxyalkylene)) acrylate and/or a (poly(oxyalkylene)) methacrylate, and the polymer 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 fluoroaliphatic group-containing
monomer with a (poly(oxyalkylene)) acrylate (or methacrylate) may be not only a binary copolymer but also a ternary
or higher copolymer obtained by simultaneously copolymerizing two or more different fluoroaliphatic group-containing
monomers or two or more different (poly(oxyalkylene)) acrylates (or methacrylates).

[0215] Examples thereof include commercially available surfactants such as Megafac 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 CgF,3 group-
containing acrylate (or methacrylate) with a (poly(oxyalkylene)) acrylate (or methacrylate), a copolymer of a C¢F 45 group-
containing acrylate (or methacrylate) with (poly(oxyethylene)) acrylate (or methacrylate) and (poly(oxypropylene)) acr-
ylate (or methacrylate), a copolymer of a CgF4; group-containing acrylate (or methacrylate) with a (poly(oxyalkylene))
acrylate (or methacrylate), and a copolymer of a CgF4; group-containing acrylate (or methacrylate) with (poly(oxyethyl-
ene)) acrylate (or methacrylate) and (poly(oxypropylene)) acrylate (or methacrylate).

[0216] The amount of the surfactant used is preferably from 0.0001 to 2 mass%, more preferably from 0.001 to 1
mass%, based on the entire amount of the positive resist composition (excluding the solvent).

Other Components:

[0217] The positive resist composition of the present invention may further contain, if desired, a dye, a photobase
generator and the like.

1. Dye

[0218] In the present invention, a dye may be used.

[0219] The suitable dye includes an oily dye and a basic dye. Specific examples thereof include Oil Yellow #101, OIl
Yellow #103, Oil Pink #312, Oil Green BG, Oil Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS, Oil Black T-505 (all
produced by Orient Chemical Industries Co., Ltd.), Crystal Violet (Cl42555), Methyl Violet (Cl42535), Rhodamine B
(Cl45170B), Malachite Green (Cl42000) and Methylene Blue (CI52015).
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2. Photobase Generator

[0220] Examples of the photobase generator which can be added to the composition of the present invention include
compounds described in JP-A-4-151156, JP-A-4-162040, JP-A-5-197148, JP-A-5-5995, JP-A-6-194834, JP-A-
8-146608, JP-A-10-83079 and European Patent 622,682. Specific examples of the photobase generator which can be
suitably used include 2-nitrobenzyl carbamate, 2,5-dinitrobenzylcyclohexyl carbamate, N-cyclohexyl-4-methylphenyl-
sulfonamide and 1,1-dimethyl-2-phenylethyl-N-isopropyl carbamate. Such a photobase generator is added for the pur-
pose of improving the resist profile or the like.

3. Solvent

[0221] The resist composition of the present invention after dissolving the components described above in a solvent
is coated on a support. Usually, the concentration is, in terms of the solid material concentration of all resist components,
preferably from 2 to 30 mass%, more preferably from 3 to 25 mass%.

[0222] Preferred examples of the solvent used here include ethylene dichloride, cyclohexanone, cyclopentanone, 2-
heptanone, y-butyrolactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether,
2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, propylene glycol
monomethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropionate, ethyl ethox-
ypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethylsulfoxide, N-methylpyr-
rolidone and tetrahydrofuran. One of these solvents is used alone, or several kinds thereof are mixed and used.
[0223] The positive resist composition of the present invention is coated on a substrate to form a thin film. The thickness
of this coated film is preferably from 0.05 to 4.0 pm.

[0224] The composition of the present invention has an excellent effect that a good pattern is obtained even when an
antireflection film is not coated and the composition is coated directly on a substrate having a high-reflection surface,
but a good pattern can be formed also when an antireflection film is used.

[0225] The antireflection film used as the underlayer of the resist may be either an inorganic film type such as titanium,
titanium dioxide, titanium nitride, chromium oxide, carbon and amorphous silicon, or an organic film type comprising a
light absorbent and a polymer material. The former requires equipment for the film formation, such as vacuum deposition
apparatus, CVD apparatus and sputtering apparatus. Examples of the organic antireflection film include a film comprising
a diphenylamine derivative/formaldehyde-modified melamine resin condensate, an alkali-soluble resin and a light ab-
sorbent described in JP-B-7-69611 (the term "JP-B" as used herein means an "examined Japanese patent publication"),
areaction product of a maleic anhydride copolymer and a diamine-type light absorbent describedin U.S. Patent 5,294,680,
a film containing a resin binder and a methylolmelamine-based heat crosslinking agent described in JP-A-6-118631, an
acrylic resin-type antireflection film containing a carboxylic acid group, an epoxy group and a light absorbing group within
the same molecule described in JP-A-6-118656, a film comprising a methylolmelamine and a benzophenone-based
light absorbent described in JP-A-8-87115, and a film obtained by adding a low molecular light absorbent to a polyvinyl
alcohol resin described in JP-A-8-179509.

[0226] Also, the organic antireflection film may be a commercially available organic antireflection film such as DUV-
30 Series and DUV-40 Series produced by Brewer Science, Inc.; and AR-2, AR-3 and AR-5 produced by Shipley Co., Ltd.
[0227] Inthe production or the like of a precision integrated circuit device, the step of forming a pattern on a resist film
is performed by coating the positive resist composition of the present invention on a substrate (for example, a silicon/
silicon dioxide-coated substrate, a glass substrate, an ITO substrate or a quartz/chromium oxide-coated substrate) to
form a resist film, irradiating thereon actinic rays or radiation such as KrF excimer laser light, electron beam or EUV
light, and then subjecting the resist film to heating, development, rinsing and drying, whereby a good resist pattern can
be formed.

[0228] The alkali developer which can be used in the development is an aqueous solution of alkalis (usually, 0.1 to
20 mass%) such as inorganic alkalis (e.g., sodium hydroxide, potassium hydroxide, sodium carbonate, sodium silicate,
sodium metasilicate, aqueous ammonia), primary amines (e.g., ethylamine, n-propylamine), secondary amines (e.g.,
diethylamine, di-n-butylamine), tertiary amines (e.g., triethylamine, methyldiethylamine), alcohol amines (e.g., dimetyleth-
anolamine, triethanolamine), quaternary ammonium salts (e.g., tetramethylammonium hydroxide, tetraethylammonium
hydroxide, choline), and cyclic amines (e.g., pyrrole, piperidine). This aqueous solution of alkalis may be used after
adding thereto alcohols such as isopropyl alcohol or a surfactant such as nonionic surfactant, in an appropriate amount.
[0229] Among these developers, a quaternary ammonium salt is preferred, and tetramethylammonium hydroxide and
choline are more preferred.

[0230] The pH of the alkali developer is usually from 10 to 15.
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[Examples]

[0231] The present invention is described in greater detail below by referring to Examples, but the present invention
should not be construed as being limited thereto.

Synthesis Example 1 (Synthesis of Resin (A-1)):

[0232] Poly(p-hydroxystyrene) (molecular weight dispersity: 1.05) (50 g) was dried at 50°C under reduced pressure.
This poly(p-hydroxystyrene) was dissolved in propylene glycol monomethyl ether acetate (PGMEA) (400 g), and then,
water and PGMEA were azeotropically removed by distillation under reduced pressure. After confirming sufficient re-
duction of water content, ethyl vinyl ether (25.0 g) and p-toluenesulfonic acid (0.02 g) were added, and the mixture was
stirred at room temperature for 1 hour. Thereafter, the reaction was stopped by adding triethylamine (5.0 g) to the reaction
solution. Furthermore, water (400 ml) and ethyl acetate (800 ml) were added to effect liquid separation and after water
washing, ethyl acetate, water and the azeotropic portion of PGMEA were removed by distillation under reduced pressure
to obtain Resin (A-1) (compositional molar ratio: 65/35, weight average molecular weight: 15,000, dispersity: 1.1, 30
mass% PGMEA solution).

Synthesis Example 2 (Synthesis of Resin (B-17)):

[0233] A copolymer of p-hydroxystyrene and tert-butyl methacrylate (compositional molar ratio: 80/20) (35.0 g) and
propylene glycol monomethyl ether acetate (PGMEA) (400 g) were dissolved in a flask, and water and PGMEA were
azeotropically removed by distillation under reduced pressure. After confirming sufficient reduction of water content,
ethyl vinyl ether (5.0 g) was added. Subsequently, a solution prepared by dissolving 5.0 g of 2-naphtoyl chloride in 50
g of acetone was added over 20 minutes, and the reaction was allowed to proceed with stirring for 60 minutes. Furthermore,
water (400 ml) and ethyl acetate (800 ml) were added to effect liquid separation and after water washing, ethyl acetate,
water and the azeotropic portion of PGMEA were removed by distillation under reduced pressure to obtain Resin (B-
17) having a substituent according to the present invention (compositional molar ratio: 10/70/20, molecular weight: 9,000,
dispersity: 1.3, 30 mass% PGMEA solution).

[0234] The resins (B1) and resins (B2) shown in Table 1 below were synthesized in the same manner.

Table 1

Resin (B1) | Compositional Molar Ratio Molecular | Weight Average Weight | Dispersity
Resin (A-1) 65/35 15000 1.1
Resin (A-4) 70/30 14000 1.3
Resin (A-6) 70/30 12000 1.1
Resin (A-10) 72/28 15000 1.1
Resin (A-17) 65/35 13000 1.3
Resin (A-20) 70/30 15000 11
Resin (A-27) 70/30 10500 12
Resin (A-30) 68/32 12000 13
Resin (A-37) 70/30 12000 1.2
Resin (A-38) 60/25/15 15000 1.3
Resin (B2) | Compositional Molar Ratio Molecular | Weight Average Weight | Dispersity
Resin (B-2) 8/75/17 8000 11
Resin (B-4) 10/70/20 10000 1.3
Resin (B-6) 8/70/17/5 8000 11
Resin (B-10) 8/75/17 8000 1.2
Resin (B-17) 10/70/20 9000 1.3
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(continued)

Resin (B2) | Compositional Molar Ratio Molecular | Weight Average Weight | Dispersity
Resin (B-20) 10/70/20 8000 1.2
Resin (B-27) 10/70/20 9200 11
Resin (B-30) 10/70/20 8000 1.2
Resin (B-38) 8/70/17/5 9600 1.2
Resin (B-47) 10/70/20 10000 11
Resin (B-50) 10/70/20 9200 1.2
Resin (B-57) 10/70/20 9800 1.2
Resin (B-62) 8/75/17 10000 1.2
Resin (B-79) 10/70/20 8300 1.2
Resin (B-84) 8/75/17 9000 1.2

Examples 1 to 16 and Comparative Example 1

[0235] The components shown in Table 2 below at the blending ratio (amounts added) shown in Table 2 were dissolved
in a mixed solvent of PGMEA (propylene glycol monomethyl ether acetate)/PGME (propylene glycol monomethyl ether)
(=8/2 by mass) to give a concentration of 10 mass%, and the obtained solution was filtered through a microfilter having
a pore size of 0.1 pm to prepare positive resist solutions of Examples 1 to 16 and Comparative Example 1.

[0236] The obtained positive resist solution was coated on a bare silicon substrate by using a spin coater (Mark 8,
manufactured by Tokyo Electron Ltd.) and dried at 90°C for 90 seconds to form each resist film of 410 wm. Subsequently,
the resist film was exposed using a KrF excimer laser (FPA-3000EX5, manufactured by Canon Inc., wavelength: 248
nm, NA=0.60, 0=0.75). After the exposure, the resist film was heated on a hot plate at 100°C for 60 seconds, immediately
dipped in an aqueous 0.26N tetramethylammonium hydroxide (TMAH) solution for 60 seconds, rinsed with water for 30
seconds, and dried. The thus-obtained pattern on the silicon wafer was observed through a scanning electron microscope,
and the resist performances were evaluated as follows. The results obtained are shown in Table 2.

[Resolving Power]

[0237] The limiting resolving power at the exposure dose for reproducing a 0.30-pm line-and-space mask pattern is
shown.

[Number of Development Defects]

[0238] Eachresistfilm was coated on a 6-inch bare Si substrate to a thickness of 0.5 um, dried at 130°C for 60 seconds
on a vacuum suction-type hot plate, exposed through a test mask having a 0.18-um isolated trench pattern by using a
Nikon stepper NSR-1505EX, post-exposure-baked at 130°C for 90 seconds, subjected to puddle development with a
2.38% TMAH (aqueous tetramethylammonium hydroxide solution) for 60 seconds, washed with pure water for 30 sec-
onds, and then spin-dried. The thus-obtained sample was measured for the number of scums by means of KLA-2112
manufactured by KLA Tencol K.K., and the obtained primary data value was used as the number of development defects.

[Iso-Dense Bias]

[0239] With respectto a line width of 0.15 pwm, the bias of 0.15 pm = 10% was determined in a line-and-space pattern
(dense pattern (1:1)) and an isolated pattern (sparse pattern (1:5)). A smaller value indicates better iso-dense bias.
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Resist Composition

Evaluation Results

Basic Surfactant ResolvingPower Number of Iso-Dense Bias
Resin (B1) Resin (B2) Acid Generator Compound (0.001) ( ra) Development (nm)
(0.005 ) R K Defects
Example 1 A-1(053¢g) | B-2(0.41g) | z34(0.04 g) z40 D-1 W-1 0.15 3 15
(0.02 g)
Example 2 A-4(0.61g) | B-4(0.329) z35 (0.05 g) D-2 W-1 0.15 9 9
Example 3 A-6 (0.70g) | B-6(0.23g) | z36(0.03 g) z40 D-3 W-2 0.14 5 11
(0.02 g)
Example 4 A-10(0.63g) | B-10(0.310) 237 (0.05 g) D-1 W-1 0.15 7 12
Example 5 A-17(0.50qg) | B-17(0.439) z38 (0.05 g) D-2 W-2 0.14 6 9
Example 6 A-20(0.63g) | B-20(0.339) 239 (0.05 g) D-2 W-1 0.15 7 10
Example 7 A-27(0.589) | B-27(0.350) 740 (0.05 g) D-1 W-2 0.16 7 11
Example 8 A-30(0.589) | B-30(0.359g) | z2(0.04 g) z40 D-2 W-1 0.16 5 12
(0.02 g)
Example 9 A-1(0.58¢9g) | B-47(0.350) 756 (0.05 g) D-2 W-1 0.16 6 13
Example 10 A-4 (0.63g) | B-50(0.309) z71 (0.05 g) D-1 W-1 0.15 9 11
Example 11 A-6 (0.73g) | B-57(0.209) z55 (0.05 g) D-2 W-2 0.16 7 12
Example 12 A-10(0.65¢g) | B-62(0.299) z70 (0.05 g) D-2 W-1 0.16 5 12*
Example 13 A-1(0.73g) | B-79(0.21q) 72 (0.05 g) D-1 W-1 0.15 8 13
Example 14 A-20(0.73g) | B-84(0.229) 736 (0.05 g) D-2 W-1 0.15 8 12
Example 15 A-38(0.73g) | B-2(0.21g) 72 (0.05 g) D-1 W-1 0.15 7 15
Example 16 A-1(0.73g) | B-38(0.21¢9) z34 (0.05 g) D-1 W-1 0.16 8 12
Comparative none B-79(0.94 g) z2 (0.05 g) D-1 W-1 0.16 25 20
Example 1
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[0240] Abbreviations in the Table are as follows.
[Basic Compound]
[0241]

D-1: tetrabutylammonium hydroxide
D-2: dicyclohexylmethylamine
D-3: tris(methoxyethoxyethylamine)

[Surfactant]
[0242]

W-1: fluorine-containing surfactant, Megafac F-176 (produced by Dainippon Ink & Chemicals, Inc.)
W-2: fluorine/silicon-containing surfactant, Megafac R08 (produced by Dainippon Ink & Chemicals, Inc.)

[0243] As apparent from Table 2, the positive resist composition of the present invention favors high resolution, good
performance in terms of defocus latitude depended on line pitch, and reduction in the number of development defects.
[0244] According to the present invention, in connection with the pattern formation by the irradiation of electron beam,
KrF excimer laser light or EUV light, a positive resist composition satisfying the performances in terms of high resolution,
number of development defects, and iso-dense bias in an ultrafine region, particularly, in an ion injection step not using
an antireflection film (BARC), and a pattern forming method using the composition can be provided.

[0245] The entire disclosure of each and every foreign patent application from which the benefit of foreign priority has
been claimed in the present application is incorporated herein by reference, as if fully set forth.

Claims
1. A positive resist composition, comprising:

(B1) a resin capable of decomposing under an action of an acid to increase a solubility of the resin (B1) in an
aqueous alkali solution, the resin (B1) containing at least one of a repeating unit represented by formula (la)
and a repeating unit represented by formula (lla);

(B2) a resin capable of decomposing under an action of an acid to increase a solubility of the resin (B2) in an
aqueous alkali solution, the resin (B2) containing: at least one of a repeating unit represented by formula (Ib)
and a repeating unit represented by formula (lIb); and a repeating unit represented by formula (lll) containing
at least two aromatic ring structures; and

(A) a compound capable of generating an acid upon irradiation with actinic rays or radiation:

(I a)

/*/\(OMn

(Lm

wherein X represents a hydrogen atom, a methyl group or a halogen atom;

A, represents a hydrogen atom or a group capable of leaving under an action of an acid, and when a
plurality of A;’s are present, the plurality of A;’s may be the same or different;

L represents a monovalent organic group, a halogen atom, a cyano group or a nitro group, and when a
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plurality of L's are present, the plurality of L's may be the same or different;

n represents an integer of 1 to 3; and
m represents an integer of 0 to 2:

Y
—ECHz—éﬁ‘ (ITa)
o,

wherein Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group; and
A, represents a group capable of leaving under an action of an acid:

X
{-cr—E-)
Z

A/\(OAS)n

(L)m

(Ib)

wherein X represents a hydrogen atom, a methyl group or a halogen atom;

As represents a hydrogen atom or a group capable of leaving under an action of an acid, and when a
plurality of Az's are present, the plurality of Az's may be the same or different;

L represents a monovalent organic group, a halogen atom, a cyano group or a nitro group, and when a
plurality of L's are present, the plurality of L's may be the same or different;

n represents an integer of 1 to 3; and

m represents an integer of 0 to 2:

Y
%CHZ.—_&%_ (I 1b)
O)\ON

wherein Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group; and
A, represents a hydrogen atom or a group capable of leaving under an action of an acid:
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1
rem—g)
L1

AR1-(L2-AR2)

(I 11)

n

wherein Y represents a hydrogen atom, a methyl group, a halogen atom, a cyano group, a hydroxymethyl
group, an alkoxymethyl group or an acyloxymethyl group;

L, represents a single bond, an arylene group, an aralkylene group, a carbonyl group, an ester group, an
imino group or an ether group, or a divalent linking group including a combination of at least two kinds of
groups thereof;

AR, represents a phenylene group or a naphthylene group;

L, represents a single bond, a carbonyl group, an ester group, an imino group, an ether group, an alkylene
group or an aralkylene group, or a divalent linking group including a combination of at least two kinds of
groups thereof, and when a plurality of L,’s are present, the plurality of L,’s may be the same or different;
AR, represents a phenyl group or a naphthyl group, and when a plurality of AR,’s are present, the plurality
of AR,’s may be the same or different; and

n represents an integer of 0 to 2.

The positive resist composition according to claim 1,
wherein the resin (B1) has a molecular weight dispersity of from 1.0 to 1.3.

The positive resist composition according to claim 1,
wherein the resin (B2) has a molecular weight dispersity of from 1.0 to 1.3.

The positive resist composition according to claim 1,
wherein a weight average molecular weight of the resin (B1) is larger than a weight average molecular weight of
the resin (B2).

The positive resist composition according to claim 1,
wherein in formula (ll1), L, is a single bond.

The positive resist composition according to claim 1,
wherein the resin (B2) has a weight average molecular weight of from 5,000 to 15,000.

The positive resist composition according to claim 1,

wherein the compound (A) contains at least two kinds of compounds selected from the group consisting of a triar-
ylsulfonium salt, an oxime sulfonate compound and a diazodisulfone compound.

The positive resist composition according to claim 1,

wherein the compound (A) contains a sulfonium salt having a bis(alkylsulfonyl)amide anion or a tris(alkylsulfonyl)
methide anion.

A pattern forming method, comprising:

forming a resist film from the positive resist composition according to claim 1; and
exposing and developing the resist film.
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