
DESCRIPTION RESIST UNDERLAYER COATING FORMING COMPOSITION FOR FORMING
PHOTO-CROSSLINKING CURED RESIST UNDERLAYER COATING 6 Technical Field [00011
The present invention Sates to a composition for forming an underlayer
coating between a semiconductor substrate and a photoresist! Specifically,
the present invention relates to an underlayer coating forming composition
for 10 forming by light irradiation an underlayer orating used as an
underlayer of a photoresist in a lithognaphy process of the manufacture of
semiconductor devices. The present invention also relates to a method for
forming an underlayer coating by use of the undedayer coating forming
composition, and a method for forming a photoresist pattern. 16 Background
Art 100021 Conventionally, In the manufacture of semiconductor devices,
micro-processing by lithography using a photoresist has been carried out.
The micro-processing Is a processing method comprising forming a thin
coating of a 20 photoresist on a semiconductor substrate such as a silicon
wafer or the like, irradiating actinic rays such as ultraviolet rays
through a mask pattern on which a pattern for a semiconductor device is
depicted, developing It to obtain a photoresist pattern, and etching the
substrate using the photoresist pattern as a protective coating, thereby
forming fine unevenness corresponding to the 25 pattern on the surface of
the substrate. [0003] In recent progress in high Integration of
semiconductor devices, there has been a tendency that shorter wavelength
actinic rays are being used, Le., ArF excimer laser beam (193 rim) has been
taking the place of krF excimer laser beam (248 nm). Along with this
change, influences of random reflection and 30 standing wave of actinic
rays from a substrate have become serious problems! Accordingly, It has
been widely studied to provide an anti-reflective coating between the
photoresist and the substrate (bottom anti-reflective coating) in order to
resolve the problem. As the anti-reflective coating, from a viewpoint of
easy of use or the like, many considerations have been done on organic
anti- 86 reflective coatings (see, for example Patent Document 1), 



(00041 In recent years, in order to solve Interconnection delay that has
become  clear with miniaturization in pattern rule of semiconductor
devices, it has been also considered to use copper as interconnect
material, and to apply Dual Damascene process as Interconnect forming
method on the semiconductor substrate. And, in Dual Damascene process, via
holes are conned and an anti-reflective coating is formed on a substrate
having a high aspect ratio. Therefore, the anti-reflective coating for use
in this process is required to have filling property by which holes can be
filled without gap, flattening property by which a flat coating can be
formed on the surface of substrate, and the like. However, it Is difficult
to apply organic material for anti-reflective mating on a 10 substrate
having a high aspect ratio, and in recent years, material with particular
emphasis on filling property or flattening property has been developed
(see, for example Patent Documents 2, 3,4 and 5). [0005] In addition, in
the production of devices such as semiconductor devices, in order to reduce
poisoning effect of a photoresist layer Induced by a dielectric 15 layer,
there is disclosed a method in which a barrier layer formed from a
composition containing a crossiinkable polymer and the like is provided
between the dielectric layer and the photoresist layer (see, for example
Patent Document 6). (00061 As mentioned above, in the recent manufacture of
semiconductor 20 devices, in order to attain several effects represented by
anti-reflective effect, It comes to provide an organic underlayer coating
formed from a composition containing an organic compound between a
semiconductor substrate and a photoresist layer, that is, as an underlayer
of the photcresist. (00071 On the other hand, the above-mentioned organic
undedayer coating Is 25 formed by applying an undedayer coating forming
composition on a semiconductor substrate, and then heating the
semiconductor substrate at a high temperature of about 170C to 200t.
Therefore, components with a low molecular weight contained in the
undedayer coating forming composition are volatilized or sublimated on
heating at the high temperature, and this causes 30 problems that the
volatized or sublimated components adhere on peripheral  apparatuses and
thus the apparatuses are polluted. Further, it becomes problems that the
components adhered to the apparatuses fall on the semiconductor substrate
and it exerts a harmful influence on patter formation. 



36 Patent Document 1: US 5919599 Patent Document 2: JP2000-294504  Patent
Document 3: JP2002-47430 Patent Document 4: JP2002-190519 Patent Document
5: WO 02/05035 pamphlet Patent Document 8: JP2002428847 5 Disclosure of
Invention Problems to be solved by the Invention (00081 An object of the
present invention is to provide an underlayer coating forming composition
for forming by light irradiation an underlayer coating used 10 as an
underlayer of a photoresist in a lithography process of the manufacture of
semiconductor devices. Another object is to provide a method for forming an
undedayer coating used as an underlayer of a photoresist in a lithography
process of the manufacture of semiconductor devices by use of the
composition, and a method for forming a photoresist pattern. 16 (00091 In
addition, an object of the present invention is to provide an undedayer
coating that causes no intermixing with a photorestst applied and formed as
an upper layer and that has a high dry etching rate compared with the
photoresist, and an underlayer coating forming composition for forming the
underlayer coating. 20 (0010] Further, an object of the present invention
is to provide an underlayer coating forming composition for forming an
underlayer coating formed by light Irradiation that can be used for an
uncierlayer anti-reflective coating for reducing reflection of exposure
irradiation light from a semiconductor substrate to a photoresist layer
formed on the substrate in a lithography process of the 26 manufacture of
semiconductor devices, a flattening coating for flattening a semiconductor
substrate having unevenness, a coating for preventing contamination of a
photoresist due to substances generated from a semiconductor substrate on
baking under heating, and the like. 100111 Still further, an object of the
present invention is to provide a method for SO filing holes of an aspect
ratio shown in height/diameter of 1 or more, formed on a semiconductor
substrate with an underlayer coating formed by light irradiation. 



Means for solving the Problem (00121 Taking the above-mentioned present
status Into account, the present inventors eagerly investigated, and as a
result, they found that an excellent undedayer coating can be formed from a
composition containing a  polyrnerizable compound and a
photopolyinerizatkIn initiator by light irradiation. [0013] The present
invention relates to the following aspects' - as a first aspect, an
underlayer coating forming composition for forming by light Irradiation an
undedayer coating used as an underlayer of a photoresist in a 6 lithography
process of the manufacture of semiconductor devices, comprising a
polymerizable substance and a photcpolymerizalion initiator; - as a second
aspect, the undedayer coating forming composition according to the first
aspect, wherein the polymerizable substance is a polymerizable compound
having at least one cationic polymerizable reactive group, and the 10
photopolymerization Initiator is a photo-cationic polymerization initiator;
- as a third aspect, the underlayer coating forming composition according
to the first aspect, wherein the polymerizable substance Is a polymerizable
compound having at least one radical polymerizable ethylenically
unsaturated bond, and the photopolymerization initiator is a photo-radical
polymerization initiator; 15 - as a fourth aspect, the undedayer coating
forming composition according to the first aspect, wherein the
potymerizable substance is a polymer compound having at least one cationic
polymerizable reactive group, and the photopolymerization initiator is a
photo-cationic polymerization initiator; - as a fifth aspect, the
underiayer coating forming composition according to the 20 second aspect,
wherein the polymerizable compound having at least one cationic
polymerizable reactive group is a polymerizable compound having 2 to 4
epoxy rings; - as a sixth aspect, the underlayer coating forming
composition according to the second aspect, wherein the polymerizable
compound having at least one 25 cationic polyrnerizable reactive group is a
polymerizable compound having 2 to 4 oxetane rings; - as a seventh aspect,
the underlayer coating forming composition according to the feurth aspect,
wherein the polymer compound having at least one cationic polymerizable
reactive group is a polymer compound of formula (1): 



3 [0014j   in formula (1), P is a linking group constituti a polymer
bac:kbone, 0 is a direct bond or a linking group, or formula (2): 00161
100171 in formula (2), P is a linking group constituting a polymer
backbone, Q is a direct bond or a linking group; - as an eighth aspect, the
undedayer coating forming composition according to the seventh aspect,
wherein in formulae (1) and (2), P is alkylene group, a 10 derivative
thereof or an organic group derived from an alicyclic compound or an
aromatic compound, Q is a single bond, or an organic group having an ester
bond, ether bond or amide bond;   - as a ninth aspect, the underlayer
coating forming composition according to the second or fourth aspect,
wherein the photo-cationic polymerization initiator is an 16 aromatic
sulfonium salt compound; - as a tenth aspect, a method for forming an
underlayer coating used as an underlayer of a photoresist in a lithography
process of the manufacture of semiconductor devices, comprising the steps
ot     applying the underlayer coating forming composition according to any
one of the 20 first to ninth aspects on a semiconductor substrate to form
an applied coating, and irradiating the applied coating with light to form
an underlayer coating; - as an eleventh aspect, a method for forming a
laminated structure of an underiayer coating and a photoresist used in a
lithography process of the 



25 manufacture of semiconductor devices, comprising the steps of: applying
the undedayer coating forming composition according to any one of the first
to ninth aspects on a semiconductor substrate to form an applied coating,
irradiating the applied coating with light to form an undedayer coating,
and applying a photoresist composition on the underlayer coating and
heating it to 30 form a photoresist; - as a twelfth aspect, a method for
forming a photoresist pattern used In a lithography process of the
manufacture of semiconductor devices, comprising  the steps of: applying
the underlayer coating forming composition according to any one of the
first to ninth aspects on a semiconductor substrate to form an applied
coating, irradiating the applied coating with light to form an undedayer
coating, 6 applying a photoresist composition on the underlayer coating and
heating it to form a photoresist, exposing the semiconductor substrate
coated with the underlayer coating and the photoresist to light, and
developing the photoresist after the exposure to light; 10- as a thirteenth
aspect, the method according to any one of the tenth to twelfth aspects,
wherein the semiconductor substrate Is a semiconductor substrate having
hole of an aspect ratio shown in height/diameter of 1 or more; and - as a
fourteenth aspect, the method according to any one of the tenth to
thirteenth aspects, wherein the fight irradiation is carded out by light
having a 16 wavelength of 193 nrn to 700 rim. Effect of the invention 



[0018] The underlayer coating forming composition of the present invention
can form by light Irradiation an excellent underlayer coating that has a
high dry 20 etching rate compared with photoresisth, and cause no
intermixing with photoresists. [0019] The under-layer coating forming
composition of the present invention can also flatten the surface of
semiconductor substrate having holes an aspect ratio shown in
height/diameter of 1 or more. Therefore, the film thickness of 25
photoresists or the like applied and formed on the underlayer coating can
be improved in uniformity. Further, good photoresist pattern can be formed
even in the process by use of substrates having holes.    [0020] The
underlayer coating forming composition of the present invention can fill
holes formed on semiconductor substrates with an undedayer coating without
30 occurrence of gap (void). [0021] in addition, the underlayer coating
forming composition of the present invention can form an underlayer coating
by light irradiation without healing at a high temperature. Therefore, the
pollution of the peripheral apparatuses due to the volatilization or
sublimation of components with a low molecular weight can 35 be prevented.
Further, as no healing at a high temperature is required, the present
Invention has no concern for sublimation or the like even when it uses
components with a low molecular weight for urxlerlayer coating forming
compositions, and it can use components with a low molecular weight in a
relatively high content for underlayer coating forming compositions. Thus,
an underlayer coating can be formed by using an underlayer coating forming
5 composition having a relatively low viscosity, In addition, an underlayer
coating excellent In filling property of holes and flattening property of
semiconductor substrates can be formed. Best Mode for Carrying out the
invention 10 [0022] The undedayer coating forming composition of the
present invention is a composition for forming by light Irradiation an
underlayer coating used as an 



underlayer of a photoresist In a lithography process of the manufacture of
semiconductor devices. And the undedayer coaling forming composition of the
present invention contains a polymerizable substance and a
photopolymerization initiator. In addition, the underlayer coating forming
composition of the present invention can comprise other components such as
a surfactant and a sensitizer, etc. [0023] <Polymerizable substance> The
polyrnerizable substance used in the present invention is a polymerizable
20 compound having at least one cationic polyrnerizable reactive group, a
potymerizable compound having at least one radical polymerizable
ethylenioally unsaturated bond, or a polymer compound having at least one
cationic polymerizable reactive group. [0024] Polymerizable compound 26 The
polymerizable compound in the underiayer coating forming composition of the
present invention is not specifically limited so long as It is a compound
having one or more polymerizable moiety that polymerizes by the action of
the photopolymerization Initiator mentioned below. From viewpoint that it
forms an underlayer coating having a low solubility in an organic solvent,
compounds 311 having two or more, for example 2 to 8, or 3 to 4
polymerizable moieties are preferably used as the polymerizable compound in
the undedayer coating forming composition of the present invention. [00251
The polyrnerizable moiety includes ethykinically unsaturated bond being
radical polymerizable moiety. In addition, the polymerizable moiety
includes 35 cyclic ether structure such as epoxy ring and oxetane ring,
etc., vinyl ether structure and vinyl thioether structure, and the like,
which are cationic  polymerizable moieties. As the polymerizable compound,
compounds that are liquid at room temperature (about 20t) are preferably
used. As to molecular weight of the polymerizable compound, it is
preferable to have a weight average molecular weight of 10001 more (in
terms of standard polystyrene). The molecular weight is for example 100 to
2000, or 150 to 1500, or 300 to 1000, or 400 to 800. [0026] The
polymerizable compound having ethylenically unsaturated bond is not
specifically limited, and includes for example unsaturated carboxylic acid
compounds such as acrylic acid, methacrylic acid, itaconic acid, crotonic
acid, 



10 maleic acid and phthalic acid, etc, In addition, unsaturated carboxylic
acid ester compounds or unsaturated carboxylic acid amide compounds derived
from the above-mentioned unsaturated carboxylic add compounds and alcohol
compounds or amine compounds can be mentioned. Examples of them are acrylic
acid ester compounds, methacrylic acid ester compounds, Itaconic add ester
compounds, crotonic acid ester compounds, maieic acid ester compounds,
phthalic acid ester compounds, acrylic add amide compounds, methacrylic
acid amide compounds, itaconlc acid amide compounds, crotonic acid amide
compounds, maleic acid amide compounds and phthalic acid amide compounds,
etc. The alcohol compounds are not specifically limited, and include for 20
example poly, compounds having 2 to 6 hydroxy groups, such as ethylene
glycol, Methylene glycol, tetraethylene glycol,
tris(2-hydroxyethyfilsocyanuric acid, Methanol amine and pentaerythritol,
etc. The amine compounds are not specifically limited, and include for
example polyamine compounds having 2 to 6 primary or secondary amino
groups, such as ethylene diamine, 26 diamlnocyclohexane,
diaminonaphthalene, 1,4-bis(aminomethyl)cyclohexane,
3,3',4,4-tetraaminobiphenyl, and tris(2-aminoethypamine, etc. [0027]
Specific examples of the polymedzable compound having ethylenically
unsaturated bond are ethylene glycol di(meth)acrylate, dlethylene glycol
di(meth)acrylate, Methylene glycol di(mett)acrylate, tetraethyiene glycol
30 di(meth)acrylate, nonaethylene glycol di(neth)aorylate, polyethylene
glycol di(meth)acrylate, bipropylene glycol di(meth)acaylate,
tetrapropyiene glycol di(meth)acryiate, nonapropylene glycol
di(meth)acrylate, polypropylene glycol dl(mett)acrylate,
2,2-b1s14-(acryloxydiethoxy)phenyljpropane, 2,2-bis(4-
(methacryloxydlethoxy)phenyllpropane, 3-phenoxy-2-propanoyi adylate, 1,6-
3bis(3-acryloxy-2-hydroxypropyI)-hexyl ether, pentaerythritol
tri(rneti)acrylate, trimethyrol propane tri(meth)adylate, glycerol
tri(meth)acrylate, tris(2-  hydroxyethylyisocyanuric acid ester
(meth)acsylate, pentaerythritol tetra(meth)adylate, dipentaerythritol
penta(meta)acrylate, and dipentaerythritol hexa(meth)acrylate, etc. In the
meantime, in the specification, for example ethylene glycol
di(meth)acrylate means ethylene glycol diacrylate and ethylene 5 glycol
dimethacrytate. [00281 The polymerizable compound having ethylenically
unsaturated bond in the present invention includes also urethane compounds
that can be obtained by reaction between a polyvalent isocyanate compound
and a hydroxyalkyl unsaturated carboxylic acid ester compound, compounds
that can be obtained 10 by reaction between a polyvalent epoxy compound and
a hydroxyalkyl unsaturated carboxylic acid ester compound, diallylester
compounds such as diallyt phthalate, etc., and divinyl compounds such as
divinyl phthalate, etc., and the like. 



(00291 The polymerizable compound having cationic potyrnerizable moiety 15
includes compounds having cycle ether structure such as epoxy ring and
oxetane ring, etc., vinyl ether structure and vinyl thioether structure,
and the like. (00301 The polymerizable compound having epoxy ring is not
specifically limited and compounds having I to 6, or 2 to 4 epoxy rings can
be used. The polyrnedzable compounds having epoxy ring Include compounds
having 2 or 20 more glycidyl ether structures or glycidyl ester structures
that can be produced from a compound having 2 or more hydroxy groups or
carboxy groups, such as a diol compound, a Mei compound, a dicarl3oxylle
acid compound and a tricarboxylic acid compound, etc., and a glycidyi
compound such as epichlorohydrin, etc. 26 (00311 Specific examples of the
polymerizable compound having epoxy ring that can be mentioned are
1,4-butanediol glycidyl ether, 1,2-epoxy-4-- (epoxyethyl)cyclohexane,
glycerol triglycidyl ether, diethylene glycol diglycidyi ether,
2,6-diglycidyl phenyl glycidyl ether, 1,1,34W43(2,3-
epoxypropoxy)phenyllproparie, 1,2-cyclohexane dicarboxylic acid diglyekly1
30 ester, 4,4-methylenebis(N,N4iglycidylaniline),
3,4-epoxycyclohexylmethy13,4- epoxycyclohexane carboxylate, trimethylol
ethane tiglyeldyl ether, triglycklytpaminophenol, tetraglyddyl
metaxyleneellamine, tetmglycidyl diaminodiphenyi methane,
tetraglycidyl-1,3-bisaminomethylcyclohexane, bisphenol-A-diglycidyl ether,
bisphenotS-diglycidyi ether, pentaerythritol tetraglycidyl ether,
resorcinol 35 diglycidyl ether, phttialic acid dlglyddyl ester, neopentyl
glycol diglycktyl ether, polypropylene glycol digtycidyl ether, tetrabromo
bisphend-A-diglycidyl ether,   bisphend hexafluoroacetone diglycidyi ether,
pentaerythritol diglycidyl ether, tr1s-(2,3-epoxypropyl)isccyanurate,
monoallyidiglyddyi Isocyanurate, diglycerol polyglycidyl ether,
penteerythritol polyglycidyl ether, 114-bis(2,3-
epoxypropoxyperfiuorolsopropyhcydohexane, sorbitol polyglycidyi ether, 5
trimethyrolpropane polyglyddyl ether, resorein diglycidyl ether,
1,6-hexanediol diglycidyi ether, polyethylene glycol dIglycldyl ether,
phenyl glycidyl ether, p-tertbutylphenyl glycidyl ether, adipic acid
clIglycidyl ether, o-phthallc add diglycidyl ether, dibromophenyl glycidyl
ether, 1 "2,7,8-diepoxyoctane, 1,6- dimethyrolperfluorohexane diglycidyl
ether, 4,4'-bis(2,3- to epoxypropoxyperfluorolsopropyl)diphenyi ether,
2,2-bis(4- glycidyloxyphenynpropane,
3,4-epoxycyclohexylmethy1-3',4'-epoxycydohexane carboxylate,
3,4-epoxycyclohexyl oxirane,
2-(3,4-epoxycyclohexy1)-34cepoxy1,3-dioxane-6-spirocyclohexane,
1,2-ethylenedioxy-bit(3,4- epoxycyclohexylmethane),
4',5cepoxy-24methylcyclohexylmethy1-4,6-epoxy-2- 15 methylcyclohexane
carboxylate, ethylene glycol-bis(3,4- ermycyclohexanecarboxylate),
bis-(3,4-epoxycyclohexylmethynadipate1 and bis(2,3-epoxycyclopentyl)ether,
etc. (0032] The polymerizable compound having oxetane ring is not
specifically limited, and compounds having 1 to 6 or 2 to 4 oxetane rings
can be used. 20 (0033) The polymerizable compound having oxetane ring
includes for example 3-ethy1-3-hydroxymethyl oxetane,
3-ethy1-3-(phenoxymethyl)oxetane, 3,3-diethyl oxetane, and
3-ethyl-(2-ethylhexyloxymethypoxetane, 1,4-bls(((3-ethy1-3-
oxetanyhmethoxy)methyObenzene, dip-ethyl-3-oxetanyl)methyl)ether, and
pentaerythritol tetrakIsp-ethyl-3-oxetanyl)methypether, etc. 26 (0034] The
polymerizable compound having vinyl ether structure is not specifically
limited, and compounds having 1 to 6 or 2 to 4 vinyl ether structures can
be used. 



[0035] The polymerizable compound having vinyl ether structure includes for
example v1ri31-2-chloroethyl ether, vinyl-n-butyl ether, 1 ,4- 30
cyclohexanedimethanol dtvinyl ether, vinyiglycidyl ether, bis(4-
(vinyloxymethypcyclohexylmethyl)gluterate, trilethyleneglycol)divinyi
ether, adipic add divInyi ester, diethylene glycol divinyl ether,
bis(4vinyloxy)butyl trimellitate, bls(4-vinyloxy)butyliterephthalate,
bis(4-vinyloxy)butyllsophthalate, ethylene glycol divinyl ether, 1
,4-butanediol divinyi ether, tetramethylene glycol 36 divinyi ether,
tetraethylene glycol cilvinyi ether, neopentyl glycol thirtyl ether,
trimethylol propane vinyl ether, trimethylol ethane trivinyl ether,
hexanediol  divinyl ether, 1,4-cyclohexanediol divinyt ether, tetraethytene
glycol divinyl ether, penteerythritoi divinyl ether and pentaerythrftol
irivinyi ether, etc. [0036] Polymer compound having cationic polymerizable
reactive group The polymer compound in the underlayer coating forming
composition of the 6 present Invention is not specifically limited so long
as it is a polymer of compounds having one or more polymerizable moiety
that polymerizes by the action of a photo-cationic polymerization
initiator.    [0037] The polymer compound is shown by the structure of the
above mentioned formula (1) or (2), and has epoxy ring or oxetane ring,
etc. that is a 10 cationic polymerlzable moiety. [00381 In the
above-mentioned formula (1) or (2), P is a linking group constituting a
polymer backbone. Alkylene groups corresponding to P include ethylene group
or propylene group, and the derivatives of alkylene groups that hydrogen
atom on these organic groups is substituted with halogen atom 16 (fluorine
atom, chlorine atom, bromine atom) or with benzene ring can be used. When P
Is an alkyiene group or a derivative thereof, the polymer compounds of
formula (1) or (2) are acrylic acid- or methacrylic acid-based polymer
compounds. [0039] The organic group derived from aliphatic cyclic compounds
that 20 corresponds to P Is a polymer of aliphatic polyvalent alcohol or
aliphatic polyvalent carboxylic acid, and for example organic group
corresponding to cyclohexane tdol, cyclohexane tricarboxylic acid or the
derivative thereof 



substituted with alkyl group or halogen atom can be used. When P is an
organic group derived from an aliphatic cyclic compound, the polymer 26
compounds of formula (1) or (2) are polyethers or polyesters. [0040] As the
organic group derived from aromatic compounds that corresponds to P, it can
be used an organic group corresponding to a polymer of aromatic polyvalent
alcohol, aromatic polyvalent carboxylic acid, or a novolak resin obtained
by condensation between an aromatic alcohol compound and an 30 aldehyde, or
the derivative thereof substituted with alkyl group or halogen atom. When P
is an organic group derived from an aromatic compound, the polymer
compounds of formula (1) or (2) are phenol novolalcs or naphthalene
novolaks. [0041] Q Is a bond that links epoxy ring or oxetane ring pending
from the backbone of these resins, and the bond is a direct bond (single
bond) or a linking 35 group. The linking group Is a divalent organic group
having an ester bond, ether bond or amide bond, etc.  (0042] The bond mode
of ester bond (-000-), ether bond (-0-) or amide bond (-CONN-) mentioned
above as the linking group may be a mode in which the backbone of the resin
and epoxy ring or oxetane ring are directly bonded, or a mode in which they
are bonded through a divalent organic group containing the 5linking group.
(0043] When the polymer compound of the above-mentioned formula (1) or (2)
is synthesized, a copolymer can be produced by using monomers being raw
materials of the polymer compound together with other copolymedzable
monomers, and the resulting copolymer can be used as the polymer compound
in the present invention. The other copolymerizable monomers includes an
addition polymerizable monomer such as an acrylic acid ester, a methacrylic
acid ester, an acrylamide, a methacrylamide, a vinyl compound0 styrene,
maleimide, malelc anhydride, acrylonlbile or the like. in this case, the
proportion of the structural unit of formula (1) or (2) to the structural
unit of the 15 addition polymerizable monomer in the obtained polymer
compound is 10/1 to 1/10, or 5/1 to 115, or 3/1 to 1/3 in mass ratio.
[00441The weight average molecular weight (in terms of standard
polystyrene) of the polymer compound is 100 or more, for example 1000 to
200000, or 1500 to 50000, or 3000 to 50000, or 4000 to 30000. Examples of
these polymer 20 compounds are as follows, [00451  
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(O049]  (0050] <Photopolymerization initiator> The photopolymerization
initiator in the underlayer coating forming composition of the present
Invention is not specifically limited so long as it can Initiate the 5
polymerization of the polymerizable substance by light irradiation.
Compounds that generate an acid (Brons-ted acid or Lewis acid), a base, a
radical or a cation  can be used. [0051] For example, compounds that can
generate an active radical by light irradiation and cause radical
polymerization of the polymerizable compound, that is, photo-radical
polymerization Initiators, and compounds that can generate a 5 cation
species such as a protonic acid and a carbon cation, etc. by light
irradiation and cause cation polymerization of the polymer compound and the
polymer compound having polymedzable group, that is, photo-cationic
polymerization initiators, and the like can be mentioned, [0062] Light
irradiation can be performed by use of light having a wavelength of 10 150
nm to 1000 nm, or 193 nm to 700 nm, or 300 nm to 600 nm. And, the 



following photopotymerizatIon initiators are preferably used: the
photo-radical polymerization initiator that generates an active radical, or
the photo-cationic polymerization initiator that generates a cation species
at an exposure value of 1 to 2000 mi/cm2, or 10 to 1500 m..1/cma, or 50 to
1000 m.11cm2. 15 [0053] The photo-radical polymerization initiator Includes
for example imIdazole compounds, diazo compounds, bisimidazole compounds,
N-arylglycine compounds, organic azide compounds, titanocene compounds,
aiuminate compounds, organic peroxides, N-alkoxypyridinium salt compounds,
and thioxanthone compounds, etc. The azide compounds include p- 20
azidebenzaldehyde, p-azIdeacatophenone, p-azidebenzoic acid, p-
azidebenzalacetophenone, 4,4`-diazidechalcone, 4,4-diazidediphenyi5ulfide,
and 2,6-bis(4'-azidebenzal)-4-methylcyclohexanone, etc The dlazo compounds
include 1-diazo-2,5-dlethoxy-4-P-tolyimercaptoberizene borofluoride,
1-diazo-4-N,N4limethylarninobenzene chloride, and 1-diazo-4-N,N- 25
cilethylaminobenzene borofluoride, etc. The bisimidazole compounds include
2,2-bis(o-chloropheny1)-4,5,4',5-tetrakis(3,4,5-trimethoxypheny1)1,2-
bisimidazole, and
2,2'-bis(o-ohloropheny1)-4,5,4",5-tetrapheny1-1,2'-bisimidazole, etc. The
titanocene compounds include dicyclopentadienykitanIum-dichloride,
dicyclopentadienylattanium-bisphenyl,
dicyclopentadianyl-titanium4b15(213,4,5,6- 30 pentafluorophenyl),
dicyclopentadienyl-titanium-bis(2,3,5,64etraflu010phenyi),
dicyclopentadlenyktitanium-his(2,4,6-triflu0rophenyi),
dicyclopentadienyltitanium-bis(2,6-cliflu0rophenyl),
dicyclopentadienyl-titanium-bis(214 difluorophenyl),
bis(methylcyclopentadienyt)-titaniunabis(2,3,4,5,6- pentafluorophenyl),
bis(methylcycloPentadienyl)4ftanium4)1s(2,3,5,6- 35 tetrafluorophenyo,
bis(methylcyclopentadieny1)-titani0rn-bis(2,64iflu0r0phenyl), and
dicyclopentadienyl-titanium-bis(2,6-diflu0r0-3-(1H-pyrrol-1-y1)-phenyl),
etc.  [00 4] The photo-radical polymerization initiator also includes
1,3-di(tertbutyldioxycarbonyObenzophenone,
3,3',4,4'-tetrakis(tertbutyldioxycarbonyi)benzophenone,
3-phenyl-54sooxazolone, 2- mercaptobenzimidazole,
2,2-dimethoxy-1,2-diphenylethane-1-one, 1 -hydroxy- 5
cyclohexyl-phenyl-ketone, and 2-benzy1-2-dimethylamino-1-(4-
morpholinopheny1)-butane, etc. 10055] The photo-cationic polymerization
initiator Includes sutionic add esters, sulfonimide compounds,
disulfonyldiazomethane compounds, dialky1-4- hydroxysutfonium salts,
arylsulfonic acid-p-riitrobenzyi ester, silanol-aluminum 10 complex,
(0-benzene)(0-cyclopentadienypiron (II), etc. [00561 The sulfonimide
compounds include for example N(trifluoromethanesulfonyloxy)succinimide,
N-(nonafluoro-n- butanesulfonyloxy)succinimide,
N-(icamphorsulfonyloxy)succinimide and
N(trifluoromethanesulfonyloxy)naphthalimide, etc. 15 [0051 The
disulfonyEdiazomethane compounds include for example
bis(trifluoromethylsulionium)diazomethane,
bis(Cyclohexylsulfonyl)diazometharie, bls(phenylsulfonypdiazomethane,p- 



toluenesulfonyl)diazomethane,
bis(2,4-dirnethylbenzenesulfonyl}diazomethane, and
methylsuifonyl-p-toluenesulfonyldiazomethane, etc. 20 (0058] The
photo-cationic polymerization initiator also includes 2-
methylthiopheny1)-2-morpholinoproPane-1-one. [00591 In addition, aromatic
lodonium salt compounds, aromatic suifonium salt compound, aromatic
diazonium salt compounds, aromatic phosphonium salt compounds, triazine
compounds and iron arena complex compounds, etc. can 25 be used as both the
photo-radical polymerization initiator and the photo-cationic
polymerization initiator. P3060] The aromatic iodonium salt compounds
include dlphenyliodonium hexafluorophosphate, diphenyliodonium
trifluoromethane sulfonate, diphenyliodonium nanofiuoro-n-butane sulfonate,
diphenyliodonium pedluoro-n- 30 octane sulfonate, diphenyliodonium camphor
sulfonate, bis(4-tertbutylphenyOlodonium camphor sulfonate and
bis(44ed-butylphenyl)iodonium ttifluoromethane sulfonate, etc. [0061] The
aromatic sulfonium salt compound include for example triphenyisulfonium
hexatitioroantimonate, triphenyisutfonium nonafluoron- 35 loutanesutfonate,
triphenyisulfanium camphor suifonate and triphenytsuifonium
trifluoromethane sulfonate, etc.  [0062] In the underiayer coating forming
composition of the present invention, the photopolymerization initiator can
be used solely or in combination of two or more kinds. (0063] The content
of the polymerizable substance and the photopolymerization 5 initiator in
the underlayer coating forming composition of the present invention is as
follows. The content of the photopolymerization initiator is for example 1
to 20 mass parts or 3 to 10 mass parts based on 100 mass parts of the
polymerizable substance. When the content of the photopolymedzation
Initiator is less than the lower limit, the polymerization does not proceed
10 sufficiently, the hardness and wear resistance of the underlayer coating
often become insufficient. When the content of the photopolymedzation
initiator Is more than the upper limit, hardening occurs only at the
vicinity of the surface of the underlayer coating, and thus it often
becomes difficult to cure completely to the Inside of the underlays(
coating. 16 [0064] When the compound having ethyienically unsaturated bond
being radical polymerizable moiety is used as a polymerizable substance in
the underlayer coating forming composition of the present invention, the
photo-radical polymerization initiator is preferably used as a
photopolymerization initiator. When the compound having vinyl ether
structure, epoxy ring or oxetane ring 



20 being cationic poiymerizable moiety is used as a polymerizable
substance, the photo-cationic polymerization initiator is preferably used
as a photopolymerization initiator. [0066] The underlayer coating forming
composition of the present invention can contain in addition to the
above-mentioned polymerizable substance and 25 photopolymerization
initiator, surfactants, sensitizers, amine compounds, polymer compounds,
antioxidants, heat polymerization inhibitors, surface modifiers and
defoamers, etc, if necessary. [00661 The addition of the surfactants can
lead to inhibition of occurrence of pinholes or striation, etc., and to
improvement in the application property of the 30 underlayer coating
forming composition. The surfactants Include for example, polyoxyethylene
alkyl ether compounds such as polyoxyethylene butyl ether, polyoxyethylene
stearyl ether and polyoxyethylene oleyl ether, polyoxyethylene alkyl aryl
ether compounds such as polyoxyethylene octyl phenol ether and
polyoxyethylene mewl phenol ether, etc., 36
polyoxyethylene/polyoxypropylene block copolymer compounds, sorbitan fatty
acid ester compounds such as sorbitan monolaurate, sorbitan monopalmitate,
sorbitan monostearate, sorbitan monooleate, sorbitan trioleate and
sorfaltan tristearate, etc., polyoxyethylene sorbitan fatty acid ester
compounds such as poiyoxyethylene sorbitan monolaurate, polyoxyethylene
sorbltan monopalmitate, polyoxyethyiene sorbitan rnonos-tearate and
polyoxyethylene sorbitan tristearate, 5 etc. The surfactants also include
fluorine based surfactants, e.g., trade name: EFTOP EF301, EF303, EF352
(manufactured by Jemco Inc.), trade name: MEGAFAC F171, F173, R-08, R40
(manufactured by Dainippon Ink and Chemicals, Inc.), trade name: FLUORAD
FC430, FC431 (manufactured by Sumitomo 3M Limited), trade name: ASAHI GUARD
A071 0, SURFLON S-382, 10 SC101, SC102, SC103, 8C104, 8C105, SC106
(manufactured by Asahi Glass Co., Ltd.); and organosiloxane polymer KP341
(manufactured by Shin-Etsu Chemical Co., Ltd.), etc. When the surfactant is
used, the added amount Is for example 0.1 to 5 mass parts or 0.5 to 2 mass
parts based on 100 mass parts of the polymerizable substance. 15 [0087] The
sensitizers can be used in order to increase the sensitivity of the 



photopolymedzation Initiator to light. The sensitizers Include for example
pyrromethene complex compounds such as 2,8-diethy1-1,3,5,7,8-pentamethyl
pyrromethene-BF2 complex and 1,3,5,7,8-pentamethyl pyrromethene-8F2
complex, etc., xanthene type coloring matters such as eosin, ethyleosin, 20
erythrosin, fluorescein and rose bengal, etc., ketothiazorine compounds
such as 1-(1-rnethylnaphtho[1,2-dIthiazole-2(1H)-ylidene
1-(2,3,8,7)tetrahydro-1H,5H- benzoliliquinolidine-9-y1)-3-butene-2-one,
1-(3-methylbenzothlazole-2(3H)-
ylidene-4-(p-dimethylaminophenyI)-3-butene-2-one1 etc., styryl or
phenylbutatilenyi heterocyclic compounds such as 2-(p-dimethylamin tyryI)-
26 naphtho[1,2-d]thiazole,
2444p-dimethylaminopheny1)-1,3-butadienylinaphtho[l ,2-cijthiazole, etc. In
addition, 2,4-dipheny1-6-(pdimethylaminostyry1)-1,3,5-triazine,
2,4-dlpheny1-84(2,3.6,71tetrahydr0-1H,5Hbenzofij]quinolidine-9-y1)-1-ethene
-211)-1,3,54riazonenanthry1-
(([2,3,6,71tetrahydro-1H,5H-benzoriflquinoildine-910-1-ethene2-1Dket0ne and
30 2,5-bis(p-dimethylaminocinnamylidene)cyclopentanone, 5,10,15,20-
tetraphenylpotphyrin, etc. can be mentioned. When the sensitizer Is used,
the added amount Is for example 0.1 to 20 mass parts based on 100 mass
parts of the polymerizable substance. (00681 The amine compounds can be
used in order to prevent lowering in 36 sensitivity due to oxygen
inhibition of the photopolymedzation Initiator. As the amine compounds,
several amine compounds such as aliphatic amine  compounds and aromatic
amine compounds, etc. can be used. When the amine compound is used, the
added amount is for example 0.1 to 10 mass parts based on 100 mass parts of
the polymerizable substance. [0069] The use of the polymer compound enables
the control of refractive index, attenuation coefficient, and light
absorbing property, etc. of the underlayer coating formed from the
underlayer coating forming composition of the present invention. For
example, the use of polymer compounds having benzene ring can enable an
Increase in the light absorbing property of the underlayer coating to ArF
exclmer laser beam (wavelength 193 mu). In addition, for example, the 10
use of polymer compounds having naphthalene ring or anthracene ring can
enable an increase in the light absorbing property of the urxiedayer
coating to KrF excimer laser beam (wavelength 248 nm). [0070] As the
polymer compounds, several polymer compounds having a weight average
molecular weight (in terms of standard polystyrene) of about 1000 to 15
1000000 can be used without any limitation to the kind. For example,
acrylate polymers, methactylate polymers, novolak polymers, styrene
polymers, polyarnides, polyarnic acids, polyesters and polyimides having
benzene ring, naphthalene ring or anthracerie ring, etc. can be mentioned. 



[0071] The polymer compounds excellent in light absorbing property that are
20 used for anti-refiective coatings being an underlayer of photoresists in
the lithography process of the manufacture of semiconductor devices can be
also used. The use of such polymer compounds can enable an increase in
performances as anti-reflective coatings of the underiayer coatings formed
from the underlayer coating forming composition of the present invention.
[0072] When the polymer compound is used, the added amount is for example
0,1 to 50 mass parts based on 100 mass parts of the polymerizabie
substance. [0073] The underlayer coating forming composition of the present
invention is preferably used in a solution state In which each component
(hereinafter referred to as usolid content") Is dissolved in a solvent. As
the solvent, any solvents can 30 be used as far as the solvents can
dissolve the solid contents to give a homogeneous solution. The solvents
include for example ethylene glycol rnonomethyl ether, ethylene glycol
monoethyl ether, methyl cellosolve acetate, ethyl cellosolve acetate,
diethylene glycol monomethyl ether, diethylene glycol monoethyl ether,
propylene glycol, propylene glycol monomethyl ether, 95 propylene glycol
monomethyl ether acetate, propylene glycol propyl ether acetate, toluene,
xylene, methyl ethyl ketone, cyclopentanone, cyclohexanone,  ethyl
2-hydroxypropionate, ethyl 2-hydroxy-2-methylpropionate, ethyl
ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutanoate,
methyl 3-methoxypropionate, ethyl 3-methoxypropionate, ethyl 3-
ethoxypropionate, methyl 3-ethoxypropionate, methyl pyruvate, ethyl
pyruvate, 6 ethyl acetate, butyl acetate, ethyl lactate, butyl lactate,
N-dimethylformamide, N- dimethylacetamide, dirnethylsulfoxide and
N-methylpyrrolidone, etc. These solvents may be used solely or in
combination of two or more kinds. The solvents having a boiling point of 80
to 250C, or 100 to 200C, or 120 to 180C are preferably used. When the
boiling point of the solvent Is less than the eo above-mentioned lower
limit, the vaporization of a large amount of the solvent during the
application of the urxierlayer coating forming composition often causes an
Increase in viscosity and a lowering of application property. When the
boiling point of the solvent is more than the above-mentioned upper limit,
is assumed to require a long time for drying after the application of the
underlayer 15 coating forming composition. The solvent can be used in an
amount so that the solid content in the underlayer coating forming
composition can be for example 0.5 to 50 mass%, or 3 to 40 mass%, or 10 to
30 mass%. 



[00741 Hereinafter, the use of the underlayer coating forming composition
of the present invention is explained, 20 (00781 The underlayer coating
forming composition of the present invention is coated by a suitable
coating method, for example, with a spinner, a caster or the like, onto a
semiconductor substrate (for example silicon/sificon dioxide coated
substrate, silicon wafer substrate, silicon nitride substrate, glass
substrate, ITO substrate, polylmkie substrate and low-k material-coated
substrate, etc.) to form 25 an applied coating. Then, prior to light
irradiation, a drying process can be performed, if necessary. When the
underiayer coating forming composition containing a solvent is used, it is
preferable to perform a drying process. [00761 The drying process Is not
specifically limited so long as heating at a high temperature is not
carried out In the process. This is because it is assumed 30 that heating
at a high temperature (for example a temperature of 150C or more) causes
sublimation of the solid content contained in the applied coating that
pollutes the apparatuses. The drying process can be performed by for
example heating a substrate at 50 to 100C for 0.1 to 10 minutes on a hot
plate. The drying process can be also performed by air-drying at room
temperature (about 36 20C). (00771 Then, light irradiation is performed to
the applied coating. For the light  Irradiation, any methods can be used
without any limitation so long as it can act to the above-mentioned
photopolymerization initiator and cause the polymerization of the
polymerizable substance. The light irradiation can be performed by use of
light having a wavelength of 150 nm to 1000 nm, or 193 nm to 700 nm, or 300
nm to 600 nm. For example, the light irradiation can be performed with an
ultrahigh pressure mercury lamp, a flash UV lamp, a high pressure mercury
lamp, a low pressure mercury lamp, a DEEP-UV lamp, a xenon short arc lamp,
a short arc metal halide lamp, a VAG laser excitation lamp, and xenon flash
lamp, etc. For example, an ultrahigh pressure mercury lamp Is to used,
irradiation with light of whole wavelength ranging from about 250 nrn to
650 nm including bright line spectrum having the following wavelength as
peaks: 289 nm, 297 nm, 303 nm, 313 nm (i-line), 334 nm and 365 nm (Wine)
belonging to ultraviolet region, and 405 rim (Nine), 436 nm (g-line), 546
rim and 579 nm belonging to visible ray region can be performed. 15 P3078]
The light irradiation causes the formation of cation species active radials
from the photopolymerization initiator in the applied coating, and thereby
the polymerization of the polyrnerizable substance in the applied coating
occurs. AS a result of the polymerization, an undedayer coating is formed.
The resulting underlayer coating becomes low in solubility in a solvent
used for 20 photoresIst composition applied thereon, for example, ethylene
glycol mortomethyl ether, ethyl cellosolve acetate, diethylene glycol
monomethyl ether, propylene glycol, propylene glycol monomethyl ether,
propylene glycol monornethyl ether acetate, propylene glycol propyl ether
acetate, toluene, methyl ethyl ketone, cyclohexanone, ethyl
2-hydroxypropionate, ethyl 2- 26 hydroxy-2-methylproplonate, ethyl ethoxy
acetate, methyl pyruvate, ethyl lactate, butyl lactate, and the eke.
Therefore, an undedayer coating formed by the underlayer coating forming
composition of the present Invention do not Intermix with the photoresist 



[00791 The underlayer coating forming composition of the present invention
can 30 be applied on a semiconductor having holes of an aspect ratio shown
in height/diameter of 1 or more, for example 1 to 10, or 2 to 5 as shown in
Fig. 1. And, the underlayer coating forming composition of the present
invention can be used for filling the holes without gap (void) with an
underlayer coating. The underlayer coating forming composition of the
present invention can be also 35 applied on a semiconductor substrate
having holes clan aspect ratio of 1 or more densely and thinly (a substrate
containing a part having holes densely and  a part having holes thinly).
Further, the underlayer coating forming composition of the present
invention can be used for forming a fiat undedayer coating on a substrate
on which such holes are present densely and thinly. (00801 In addition, the
undedayer coating forming composition of the present 5 invention can be
used also for a semiconductor having holes of an aspect ratio less than 1,
and a semiconductor having unevenness. Further, it can be used also for a
semiconductor having no unevenness and the like. [0081] The underlayer
coating formed from the underlayer coating forming composition of the
present invention has a film thickness of for example 20 to 2000 nrn, or 30
to 1000 nm, or 50 to 800 nrn on the surface of a substrate. [00821 Next, a
photoresist is formed on the underlayer coating. Consequently, a laminate
structure constituting of an undedayer coating and a photoresist is formed
on a semiconductor substrate. The photoresist is fanned by the known
method, namely, by applying a photoresist composition solution onto the 16
underlayer coating, and by heating. The photoresist to be formed on the
underlayer coating of the present invention is not specifically limited,
and any of  negative type and positive type photoresists can be used. The
photoresist includes a positive type photoresist consisting of a novolak
resin and 1,2- naphthoquinone diazide sulfonic add ester, a
chemically-amplified type photoresist which consists of a photoacid
generator and a binder having a group which is decomposed with an acid and
increases alkali dissolution rate, a chemically-amplified type photoresist
consisting of an alkali-soluble binder, a photoacld generator, and a low
molecular compound which is decomposed with an acid and increases the
alkali dissolution rate of the photoresist, a chemically- 25 amplified
photoresist consisting of a photoacid generator, a binder having a group
which is decomposed with an acid and increases the alkali dissolution rate,
and a low molecular compound which is decomposed with an add and increases
the alkali dissolution rate of the photoresist. For example, trade name:
APEX-E manufactured by Shipley Company, trade name: PAR710 manufactured by
30 Sumitomo Chemical Co., Ltd., and trade name: SEPR430 manufactured by
Shin-Etsu Chemical Co., Ltd., and the like can be mentioned. (0083j
Subsequently, exposure to light is carried out through a predetermined
mask. For the exposure to light, KrF excimer laser (wavelength of 248 nm),
ArF excimer laser (wavelength of 193 nm), and F2 excimer laser beam
(wavelength 



35 157 nm), may be used. If necessary, a post exposure bake may be
performed after being exposed to light. The post exposure bake is conducted
by suitably  selecting from heating temperature of 70 to 150 C, and a
heating time of 0.3 to 10 minutes. [0084] In the next phase, development is
carried out by using a developer. For example, in case where a positive
type photoresist is used, the development results in removal of exposed
part of the photoresist and forming of photoresist pattern. [0086] The
developer for photoresist includes for example alkaline aqueous solution
e.g., an aqueous solutions of alkali metal hydroxide such as potassium
hydroxide, sodium hydroxide or the like, aqueous solution of quaternary
ammonium hydroxide such as tetramethylammonium hydroxide,
tetraethylammonium hydroxide, choline or the like, amine aqueous solution
such as ethanolamine, propylamine, ethyienediamine or the like.
Additionally, surfactants can be added In the developer. The condition in
which development takes place is suitably selected from a temperature
ranging from 5 15 to 50C and time ranging from 0.1 to 5 minutes. moss]
Then, the removal of the underiayer coating and processing of the
semiconductor substrate are conducted by using the photoresist pattern
formed as mentioned above as a protective coaling. The removal of the
underlayer is conducted through thy etching by use of a gas such as
tetrafluoromethane (CFO, 20 perfluonocyclobutane (C4F8), perfluoropropane
(C3F4, trifluoromethane, carbon monooxide, argon, oxygen, nitrogen, sulfur
hexafluoride, dittuoromethane, nitrogen trifluoride, and chlorine
trifluoride, etc. The removal of the underlayer coaling leads to the
formation of a pattern consisting of an undedayer coaling and a photoresiet
on a semiconductor substrate. 25 [0087] in addition, an anti-reflective
coating layer can be formed before forming a photoresist on the undertayer
coating of the present invention. The anti-reflective coating composition
is not specifically limited, and any existing compositions can be used. For
example, an anti-reflective coating can be formed by coating an
anti-reflective coating forming composition conventionally 30 used in the
lithography process with the conventional method, for example, with a
spinner or a coater, and baking. The anti-reflective coating composition
Includes for example one containing as main components a light absorbing
compound, a resin and a solvent, one containing as main components a resin
having a light absorbing group through chemical bond, a crosslinking ent
and 85 a solvent, one containing as main components a light absorbing
compound, a crosslinking agent and a solvent and one containing as main
components a  polymer type crosslinking agent having a light absorbing
property and a solvent, and the like. The anti-reflective coating
composition may contain an acid component, an acid generator component, a
theology controlling agent, or the like, if necessary The light absorbing
compounds that can be used are any 5 compounds having a high absorption for
light at photosensitive characteristic wavelength region of the
photosensitive component in the photoresist provided on the anti-reflective
coating, and include for example benzophenone compounds, benzotriazole
compounds, no compounds, naphthalene 



compounds, anthracene compounds, anthraquinone compounds, triazine 10
compounds, and the like. The resins Include polyesters, polyimides,
polystyrenes, novolak resins, polyac.etals, acrylic polymers, and the like.
The resins having a light absorbing group through chemical bond include
resins having a light absorbing aromatic ring structure such as anthracene
ring, naphthalene ring, benzene ring, quinoline ring, quinoxaline ring or
thiazole ring, 15 [0088] Further, prior to coating of the underlayer
coating tinning composition of the present invention, an anti-reflective
coating or a flattening coating can be formed on a semiconductor substrate.
(00891 The underlayer coating formed by the underlayer coating forming
composition of the present invention may have absorption for light used in
the 20 process of lithography. In such a case, the undedayer coating can be
used as a layer that provides preventive effect towards the light reflected
by the substrate, that is, as an anti-reflective coating. The underlayer
coating of the present invention can be used further as a layer for
preventing an interaction between the substrate and the photoresist, as a
layer having a function that prevents an 25 adverse effect against the
semiconductor substrate by the material used for the photoresist or by
substances formed on exposure to light of the photoresist, and as a layer
having a function that prevents diffusion of substances formed in the
semiconductor substrate on baking under heating to the upper layer
photoresist, and the like. 30 pogo] Hereinafter, the present invention will
be described based on examples but the present invention is not limited
thereto. Examples Example [0091] In 25.87 g of propylene gilled monomethyl
ether, 5 g of a 35 photopolyrnerization compound: pentaerythritol
tetramethacrylate (manufactured by Sigma-Aldrich Japan KK., trade name:
FW362), 0.26 g of a  photopoiymerization initiator triphenylaulfonium
trifiuoromethane stitfonate (manufactured by Midorl Kagaku Co., Ltd., trade
name: TPS105) and 0.05 g of a surfactant (manufactured by Dainippon Ink and
Chemicals Incorporated, trade name: Megafao R-30) were added to prepare a
solution of 17 mass% (solid content concentration). Then, the solution was
filtered through a micro filter made of polyethylene having a pore size of
02 pm to prepare a solution of an underlayer coating forming composition. 



Example 2 [0094 in 25.87 g of propylene glycol monomethyl ether, 5 g of a
10 photopolymerization compound. bis(4-glyckfyloxyphenyOmethane
(manufactured by Sigma-Aldrich Japan K.K., trade name: FW312), 0.25 g of a
photopolymerization initiator: triphenylsulfonium trifluoromethane
sulfonate (manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and
0.059 of a surfactant (manufactured by Dainippon Ink and Chemicals
Incorporated, trade 15 name: Megafac R-30) were added to prepare a solution
of 17 mass% (solid content concentration). Then, the solution was filtered
through a micro filter made of polyethylene having a pore size of 0.2 pm to
prepare a solution of an underlayer coating forming composition. Example 3
20 100931 In 27.109 of propylene glycol monomethyl ether, 5 g of a
photopolymerization compound: bisphenol-A-propoxylate diglycidyl ester
(manufactured by Sigma-Aldrich Japan KK., trade name: FW457), 0.50 g of a
photopolymerization initiator triphenylsulfonium trifiuoromethane sutfonate
(manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and 0.05 g of
a 26 surfactant (manufactured by Dainippon Ink and Chemicals Incorporated,
trade name: Megatac R40) were added to prepare a solution of 17 mass%
(solid content concentration). Then, the solution was filtered through a
micro filter made of polyethylene having a pore size of 0.2 pm to prepare a
solution of an underlayer coating forming composition. 30 Example 4 [00941
In 25.87 g of propylene glycol monomethyl ether, 5 g of a
photopolymerization compound: pentaerythritol himethacrylate (manufactured
by Sigma-Aldrich Japan K.K., trade name: FW282), 0.25 g of a
photopolymerization initiator: triptienyisulfonium trifluoromethane
sutfonate 36 (manufactured by Miciod Kagaku Co., Ltd., trade name: TPS105)
and 0.05 g of a surfactant (manufactured by Dainippon Ink and Chemicals
Incorporated, trade   name: Megafac R-30) were added to prepare a solution
of 17 mass% (solid content concentration). Then, the solution was filtered
through a micro filter made of polyethylene having a pore size of 02 pm to
prepare a solution of an underlayer coating forming composition. 



Example 5 (0095] In 25.87 g of propylene glycol monomethyl ether, 5g of a
photopolymerization compound: bisphenol-A-glycerolate dImethacryiate
(manufactured by Sigma-Aldrich Japan KK., trade name: FW484), 0,25 g of a
photopolymenzation initiator triphenylsuffonium trifluoromethane sulfonate
1.0 (manufactured by Alidorl Kagaku Co., Ltd., trade name: TPS105) and
0.059 of a surfactant (manufactured by Dainippon Ink and Chemicals
Incorporated, trade name: Megafac R-30) were added to prepare a solution
oil? mass% (solid content concentration), Then, the solution was filtered
through a micro filter made of polyethylene having a pore sl e of 0.2 pm to
prepare a solution of an 16 underiayer coating forming composition. Example
6 Loose] In 25.87 g of propylene glycol monomethyl ether, 5 g of a
photopolymerization compound. poly(propyleneglycoOdiglycidyl ether
(manufactured by Sigma-AJdrich Japan KeK, trade name: FW150), 0.25 g of a
20 photopolymerization initiator triphenylsulfonium trifluoromethane
suifonate (manufactured by Midorl Kagaku Co., Ltd., trade name: 1P5105) and
0.05 g of a surfactant (manufactured by Dainippon Ink and Chemicals
Incorporated, trade name: Megafac R-30) were added to prepare a solution of
17 mass% (solid content concentration). Then, the solution was filtered
through a micro fitter 25 made of polyethylene having a pore size of 0.2 am
to prepare a solution of an underlayer coating forming composition. Example
7 (00971 In 25.87 g of propylene glycol manomethyl ether, 5g of a
photopoiymerization compound: pentaerythrltol tetraglycidyl ether 20
(manufactured by Nagase Chemtex Corporation, trade name: EX411), 0.25 g of
a photopolymerization initiator triphenyisulfonlum trifluoromethane
sulfonate (manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and
0.05 g of a surfactant (manufactured by Dainippon ink and Chemicals
Incorporated, trade name: Megafac R-30) were added to prepare a solution of
17 mass% (solid 35 content concentration). Then, the solution was filtered
through a micro filter made of polyethylene having a pore size of 0.2 am to
prepare a solution of an 



underlayer coating forming composition. Example 8 [0098] In 25.87 g of
propylene glycol monomethyl ether, 5 g of a photopolymedzation compound:
3,4-epoxycyciohexylmethyl-3,4- epoxycyclohexane carboxyiate (manufactured
by Daiccil Chemical Industries Ltd., trade name: Ceroxide2021), 0.259 of a
photopotymerization Initiator triphenyisutfonium trIfluoromethane sulfonate
(manufactured by Mori Kagaku Co., Ltd" trade name: TPS105) and 0.059 of a
surfactant (manufactured by Dainippon Ink and Chemicals Incorporated, trade
name: Megafac R40) were /0 added to prepare a solution of 17 mass% (solid
content concentration). Then, the solution was filtered through a micro
filter made of polyethylene having a  pore size of 0.2 pm to prepare a
solution of an underlayer coating forming composition_ Example (0099] in
25.879 of ethyl lactate, 5 g of a photopolymerization compound: 3,4-
epoxycyclohexylmethy1-3,4-epoxycrlohexane carboxylate (manufactured by
Dalcel Chemical Industries Ltd., trade name: Ceradde2021), 0.25 g of a
photopolymerization initiator: 2-methyl-1-(4-methyithiopheny1)-2-
morpholinopropane-1-one (manufactured by Chiba Specialty Chemicals, trade
20 name: Irgacure907) and 0.05 g of a surfactant (manufactured by Dainippon
ink and Chemicals incorporated, trade name: Megafac R-30) were added to
prepare a solution of 17 mass% (solid content concentration). Then, the
solution was filtered through a micro filter made of polyethylene having a
pore size of 0.2 pm to prepare a solution of an underlayer coating forming
composition. 26 Example 10 (01001 In 28.61 g of cyclohexanone, 26.61 g of
ethyl lactate, photopolymerization compounds: 5 g of
3,4-epoxycyclohexylmethy1-3,4- epoxycyclohexane carboxylate (manufactured
by Dialed Chemical Industries Ltd., trade name: Ceroxide2021) and 5g of
di((3-ethy1-3-oxetanyl)methyl)ether 30 (formula (41), manufactured by
Toagosel Co., Ltd., trade name: 0XT221), 0.8 g of a photopolymerization
initiator: 2-methy1-1-(4-methylthlopheny1)-2- morpholinopropane-1-one
(manufactured by Chiba Specialty Chemicals, trade name: Irgacure907) and
0.1 g of a surfactant (manufactured by Dainippon Ink and Chemicals
Incorporated, trade name: Megafac R-30) were added to prepare 35 a solution
of 17 mass% (solid content concentration). Then, the solution was filtered
through a micro filter made of polyethylene having a pore size of 0.2 prn  



to prepare a solution of an underlayer coating forming composition. [01011
C21-46 C H2 H2(40 Example 11 6 (0102) In 26.61 g of cyclohexanone, 26.61 g
of ethyl lactate, photopolymerization compounds: 5 g of
3,4-epoxycyclohexylmethy1-3,4- epoxycyclohexane carboxylate (manufactured
by Deice! Chemical Industries Ltd., trade name: Ceroxide2021) and 5 g of
3-ethyl-3-(2- efterlhexyloxymethyftoxetane (formula (41), manufactured by
Toagosei Co., Ltd., 10 trade name: 0XT221), 0.8 g of a photopolymerization
initiator: triphenyisulfonium trifluoromethane suifonate (manufactured by
Mori Kagaku Co., Ltd., trade name: TPS105) and 0.109 of a surfactant
(manufactured by Dainippon Ink and Chemicals incorporated, trade name:
Megafac R-30) were added to prepare a solution of 17 mass% (solid content
concentration). Then, 16 the solution was filtered through a micro filter
made of polyethylene having a pore size of 0.2 g1/1 to prepare a solution
of an underlayer coating forming composition. Synthesis Example 1 (0103) In
216 g of ethyl lactate, 30,0 g of glycidylmethacrylate (manufactured by 20
Tokyo Kesel Kogyo Co., Ltd.) and 24.1 g of methyl methacrylate were
dissolved, and nitrogen was flowed in the solution for 30 minutes, the
solution was then heated up to 70C. While keeping the reaction solution at
70C, 1.62 g of azoblsisobutyronitrile and 1.62 g of 1-dodecane thlol were
added to the reaction solution. After stirring the solution at 700C for El
hours under nitrogen 



25 atmosphere, 0.1 g of 4-methoxyphenol was added to obtain a solution
containing a copolymer of glycldylmethacrylate and methylmethacrylate. The
obtained copolymer was analyzed by GPC method, and the number average
molecular weight (Mn) of the copolymer was 6000, and the weight average
molecular weight (Mw) (in terms of standard polystyrene) of the copolymer
was SO 12000. Synthesis Example 2 10104] In 109.5 g of ethyl lactate, 15.0
g of glycklytmethaciyiate (manufactured  by Tokyo Kesel Kogyo Co., Ltd.),
6.19 g of benzyimethacrylate and 5.98 g of r butyrolactorre methacrylate
(manufactured by Osaka Organic Chemical Industry Ltd.) were dissolved, and
nitrogen was flowed in the solution for 30 minutes, the solution was then
heated up to 70C. While keeping the reaction solution at 6 700C, 0.210 g of
azobisisobutyronftrile was added to the reaction solution. After stirring
the solution at 70C for 8 hours under nitrogen atmosphere, 0.1 g of 4-
methoxyphenol was added to obtain a solution containing a copolymer of
glycidylmethacrylate, benzylmethacrylate and rbutyrolactone methacryiate.
The obtained copolymer was analyzed by GPC method, and the number 10
average molecular weight (Mn) of the copolymer was 9000, and the weight
average molecular weight (Mw) (in terms of standard polystyrene) of the
copolymer was 15000. Example 12 (01053 In 65.4 g of ethyl lactate, 50 g of
the solution containing a copolymer of 15 glycidylmethacrylate and
methylmethacrylate obtained in Synthesis Example 1 (solid content
concentration: 20.0%), 0.50 g of a photopolyrnerization initiator:
triphenyisulfonium trifluoromethane sulfonate (manufactured by Midori
Kagaku Co., Ltd., trade name: TPS105) and 0.05 g of a surfactant
(manufactured by Dainippon ink and Chemicals Incorporated, trade name:
Magda fa-30) were 20 added to prepare a solution of 10 mass% (solid content
concentration). Then, the solution was filtered through a micro filter made
of polyethylene having a pore size of 0.2 in to prepare a solution of an
undedayer coating forming composition. 



Example 13 26 0106] In 55.4 g of ethyl lactate, 50 g of the solution
containing a copolymer of glycidylmethacrylate, benzylmethacrylate and
rtaityrolactone methacrylate obtained in Synthesis Example 2 (solid content
concentration: 20.0%), 0.509 of a photopolymerization initiator
triphenyisutionium trifluoromethane sulfonate (manufactured by Midori
Kagaku Co., Ltd., trade name: TPS105) and 0.05 g of a 30 surfactant
(manufactured by Dalnippon Ink and Chemicals Incorporated, trade name:
Megafac R-30) were added to prepare a solution of 10 mass% (solid content
concentration). Then, the solution was filtered through a micro filter made
of polyethylene having a pore size of 0.2 ti.M to prepare a solution of an
underiayer coating forming composition. 36 Example 14 [01071 in 95.4g of
ethyl lactate, 10 g of an alicyclic solid epoxy resin EI-IPE  (manufactured
by Daicel Chemical Industries Ltd., corresponding to formula (15)) (solid
content concentration: 100.0%), 0.50 g of a photopolymerization initiator:
triphenylsulfonium trifitioromethane sultanate (manufactured by Midori
Kagaku Co., Ltd., trade name: TPS105) and 0.05 g of a surfactant 6
(manufactured by Dainippon Ink and Chemicals Incorporated, trade name:
Megafao R-30) were added to prepare a solution of 10 mass% (solid content
concentration). Then, the solution was filtered through a micro filter made
of polyethylene having a pore size of 0.2 Jim to prepare a solution of an
underlayer coating forming composition. Example 15 [01071 In 95.4 g of
ethyl lactate, 10 g of an epoxy novolak resin DEN438 (manufactured by Dow
Chemical Japan Limited, corresponding to formula (33)) (solid content
concentration: 100.0%), 0.509 of a photopolymerization initiator:
triphenyisulfonium trifiuoromethane sultanate (manufactured by Midori
Kagaku 15 Co., Ltd., trade name: TPS105) and 0.059 of a surfactant
(manufactured by Dainippon Ink and Chemicals Incorporated, trade name:
Megafac R40) were added to prepare a solution of 10 mass% (solid content
concentration). Then, the solution was filtered through a micro filter made
of polyethylene having a pore size of 0.2 pm to prepare a solution of an
underlayer coating forming 20 composition. 



Example 16 [01091 In 95.4g of ethyl lactate, 10 g of a bromated epoxy
novolak resin BREN304 (manufactured by Nippon Kayaku Co., Ltd.,
corresponding to formula (39)) (solid content concentration: 100,0%), 0.509
of a photopolymerization 25 initiator: triphenylsulfonium trifluoromethane
sulfonate (manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and
0.05 g of a surfactant (manufactured by Dainippon Ink and Chemicals
incorporated, trade name: Megafac R-30) were added to prepare a solution of
10 mass% (solid content concentration). Then, the solution was filtered
through a micro filter made of $0 polyethylene having a pore size of 0.2
}tm to prepare a solution of an underlayer coating forming composition.
Dissolution Test in Photoresist Solvent    [0110] The solutions of
underlayer coating forming compositions obtained in 35 Examples Ito 11 were
coated on semiconductor substages (silicon wafer substrates) by means of a
spinner, respectively, to form applied coatings. in  order to remove the
solvent and dry, the substrates were heated at 100C for 1 minute on a hot
plate. Then, the applied coatings were irradiated with an ultrahigh
pressure mercury lamp (manufactured by Ushio Inc., type U1S- 5011MIKY,
output: 500W) for 3 minutes under a condition in which whole wavelength of
the lamp is irradiated at 6.0 mW (an exposure value of 1080 neitcm2) to
form underlayer coatings (film thickness 600 nm). The underlayer coatings
were dipped in ethyl lactate and propylene glycol monomethyl ether being
solvents used for photoresists, and as a result It was confirmed that the
resulting underlayer coatings were insoluble in these solvents. err [01111
In addition, the solutions of under-layer coating forming compositions
obtained in Examples 12 to 16 were coated on semiconductor substrates
(silicon wafer substrates) by means of a spinner, respectively, to form
applied coatings, In order to remove the solvent and dry, the substrates
were heated at 100C for 1 minute on a hot plate. Then, the applied coatings
were Irradiated with an 15 ultrahigh pressure mercury lamp (manufactured by
Ushio Inc., type US5011killeY, output: 500W) for 3 minutes under a
condition in which whole wavelength of the lamp is irradiated at 6.0 mW (an
exposure value of 1080 mJ/cm) to form underlayer coatings (film thickness
600 nm). The underlayer coatings were dipped in ethyl lactate and propylene
glycol monomethyl ether 



20 being solvents used for photoresists, and as a result it was confined
that the resulting underlayer coatings were insoluble in these solvents.
Test of Intermixing with Photoresist (01121 The solutions of underlayer
coating forming compositions obtained in 25 Examples Ito 11 were coated on
silicon wafer substrates by means of a spinner, respectively, to form
applied coatings. In order to remove the solvent and dry, the substrates
were heated at 100C for 1 minute on a hot plate. Then, the applied coatings
were irradiated with an ultrahigh pressure mercury lamp (manufactured by
(ishio Inc., type U1S-5011MIKY, output: 500W) for 3 minutes 30 under a
condition in which whole wavelength of the lamp is irradiated at 6.0 mW (an
exposure value of 1080 matm2) to form underlayer coatings (film thickness
800 nm). On each underlayer coating was coated a commercially available
photoresist solution (manufactured by Shipley Company, trade name: APEX-E)
by means of a spinner. The coated wafers were heated at 90C for 1 minute on
35 a hot plate. After exposure of the photoresists to light, post exposure
bake was performed at 90C for 1.5 minute. After developing the
photoresists, the film  thickness of the underlayer coatings was measured
and it was confirmed that no intermixing occurred between the underlayer
coatings formed from the solutions of Examples 1 to 11 and the
photoresists. 101131 The solutions of underlayer coating forming
compositions obtained in 6 Examples 12 to 16 were coated on silicon wafer
substrates by means of a spinner, respectively, to form applied coatings.
In order to remove the solvent and dry, the substrates were heated at 100C
for 1 minute on a hot plate. Then, the applied coatings were irradiated
with an ultrahigh pressure mercury lamp (manufactured by Ushio Inc., type
U1S-5011MIKY, output: 500W) for 3 minutes under a condition in which whole
wavelength of the lamp is irradiated at 6.0 mW (an exposure value of 1080
rnam2) to form underlayer coatings (film thickness 200 rim). On each
underlayer coating was coated a commercially available photoresist solution
(manufactured by Shipley Company, trade name: "'PEKE) by means of a
spinner. The coated wafers were heated at 90C for 1 minute on 16 a hot
plate. After exposure of the photoresists to light, post exposure bake was
performed at 90C for 1.5 minute. After developing the photoresists, the
film thickness of the underlayer coatings was measured and it was confirmed
that no intermixing occurred between the underlayer coatings formed from
the solutions of Examples 12 to 16 and the photoresists. 20 Tests of
Flattening Rate and Filling Property [0114] The solutions of underiayer
coating forming compositions obtained in Examples 1 to 11 were coated on
silicon dioxide (8102 wafer) substrates having holes (diameter: 0.18 AM,
depth: 1.0 pm) by means of a spinner, respectively. 25 The used substrates
were substrates having Ise (isolated) and Dense (dense) 



patterns of holes as shown in Fig, 1. 'so pattern is a pattern in which the
distance from the center of a hole to the center of the adjacent hole is
five times as long as the diameter of the hole. Dense pattern Is a pattern
in which the distance from the center of a hole to the center of the
adjacent hole is one time So as long as the diameter of the hole. The depth
of the holes is 1.0 jun and the diameter thereof is 0.18 ern. pl)1151 In
order to remove the solvent and dry, the substrates were heated at 100C for
1 minute on a hot plate. Then, the applied coatings were irradiated with an
ultrahigh pressure mercury lamp (manufactured by Ushio Inc., type UIS- 35
5011MIKY, output: 500W) for 3 minutes under a condition in which whole
wavelength of the lamp is irradiated at 6,0 mW (an exposure value of 1080
mJ/cm2) to form underlayer coatings. The thickness of coating thereof was
0.60 pm at the open area where hole pattern is not present In the vicinity.
The flattening rate by the undedayer coatings was assessed by observing the
sectional form of the substrates with a scanning electron microscope
(SEIVI). 5 (0116] The solutions of underlayer coating forming compositions
obtained in Examples 12 to 16 were coated on silicon dioxide (8102 wafer)
substrates having holes (diameter: 0.10 pm, depth: 0.6 pm) by means of a
spinner, respectively. The used substrates were substrates having 'so
(isolated) and Dense (dense) patterns of holes as shown In Fig. 1. [so
pattern Is a pattern in which the 10 distance from the center of a hole to
the center of the adjacent hole is five times as long as the diameter of
the hole. Denso pattern is a pattern in which the distance from the center
of a hole to the center of the adjacent hole is one time as long as the
diameter of the hole. The depth of the holes is 0.6 gm and the diameter
thereof is 0.10 pm. 15 [0117] in order to remove the solvent and dry, the
substrates were heated at 100C for 1 minute on a hot plate. Then, the
applied coatings were Irradiated with an ultrahigh pressure mercury lamp
(manufactured by Ushio Inc., type UIS- 5011MIKY, output: 500W) for 3
minutes under a condition in which whole wavelength of the lamp is
irradiated at 6.0 mW (an exposure value of 1080 20 mJicrn) to form
underlayer coatings. The thickness of coating thereof was 020 pin at the
open area where hole pattern is not present in the vicinity. The flattening
rate by the underlayer coatings was assessed by observing the sectional
form of the substrates with a scanning electron microscope (SEM). [0118]
The flattening rate was calculated according to the following equation. 25
The flattening rate was 100% when holes on the substrate were perfectly
flattened. The results are shown in Tables 1 and 2. 



[0119] Flattening Rate =11 - (dimple depth a of underlayer coating at the
center of holes)/(hole depth b)] x 100    [0120] In addition, no void (gap)
was observed inside the holes, and it was 3o observed that the inside of
the holes was filled with the underlayer coating. [0121]   Flattening-Rite
'(%)  Bb , iso Dense Bias 100 400 100 0 100 



100 100 0 100 100 100 0 50 100 100 0 100 100 100 0 60 



100 100 0 100 100 100 0 40 100 100 0 60 100 100 0 0 



100 100 0 40  too  100  o     0 0 0 [0123] in the underlayer coatings of
Examples 1 to 16, difference (Bias) in film thickness on Iso (isolated) and
Dense (dense) patterns was small. The undedayer coatings of Examples Ito 16
were excellent in flowebility on fine Dense hole pattern that it was
particularly difficult to obtain a constant film thickness. It is assumed
that the solution of the unclerlayer coating forming composition smoothly
flows into a plurality of holes even at Dense part having larger hole
number (hole density) per unit area on the substrate than !so part thereby
providing constant film thickness, and that consequently difference in 



film thickness of lso part and Dense part becomes small and flattening rate
becomes high. Further, the underlayer coating forming compositions of 15
Examples 1 to 16 were able to flatten Irrespective of Ise part and Dense
part Measurements of Optical Parameters [0124] The solution of urxierlayer
coating forming composition obtained in Example 1 was coated on a silicon
wafer substrate by means of a spinner to 20 form an applied coating. In
order to remove the solvent and dry, the substrates were heated at 1000C
for 1 minute on a hot plate. Then, the applied coatings  were irradiated
with an ultrahigh pressure mercury lamp (manufactured by Ushio Inc., type
UIS-5011MIKY, output: 500W) for 3 minutes under a condition in which whole
wavelength of the lamp is irradiated at 6.0 mW (an exposure value of 1080
mJ/cm2) to form underiayer coatings (film thickness 600 nm). On the 6
underlayer coating, refractive index (n) and attenuation coefficient (k) at
a wavelength of 193 nm were measured with a spectroscopic ellipsometer. As
a result, refractive index (n) was 1.69 and attenuation coefficient (k) was
0.096. [01251 Underlayer coatings were formed from the solutions of
undedayer coating forming compositions obtained in Examples 9 and 10
similarly to the above. On the underlayer coatings, refractive index (n)
and attenuation coefficient (k) at a wavelength of 193 nm were measured
with a spectroscopic ellipsometer. The underlayer coating formed from the
solution of Example 9 had a refractive Index (n) of 1.68 and and
attenuation coefficient (k) of 0.038. The underlayer coating formed from
the solution of Example 10 had a refractive index (n) of 1.67 and 15 and
attenuation coefficient (k) of 0.087. (01261 The solution of underlayer
coating forming composition prepared in Example 12 was coated on a silicon
wafer substrate by means of a spinner to form an applied coating. In order
to remove the solvent and dry, the substrates were heated at 100C for 1
minute on a hot plate. Then, the applied coatings 20 were irradiated with
an ultrahigh pressure mercury lamp (manufactured by Ushio inc.. type
UIS-50111VOKY, output: 500W) for 3 minutes under a condition in which whole
wavelength of the lamp is irradiated at 6.0 mW (an exposure value of 1080
mJ/cm2) to form underlayer coatings (film thickness 200 nm). On the
underlayer coating, refractive index (n) and attenuation coefficient (k) at
a 26 wavelength of 193 nm were measured with a spectroscopic ellipsometer
As a result, refractive index (n) was 1.70 and attenuation coefficient (k)
was 0.020. [01271 An underlayer coating was formed from the solution of
underlayer coating forming compositions prepared in Example 13 similarly to
the above. On the underlayer coating, refractive Index (n) and attenuation
coefficient (k) at a 



30 wavelength of 193 nm were measured with a spectroscopic ellipsometer. As
a result, the underlayer coating from Example 13 had a refractive index (n)
of 1.79 and an attenuation coefficient (k) of 0.31. Test of Dry Etching
Rate 35 [01281 The solutions of underlayer coating forming compositions
obtained in Examples 1, 3, 5, 7, 9 and 10 were coated on silicon wafer
substrates by means  of a spinner, respectively, to form applied coatings.
In order to remove the solvent and dry, the substrates were heated at 100C
for 1 minute on a hot plate. Then, the applied coatings were irradiated
with an ultrahigh pressure mercury lamp (manufactured by Ushio Inc., type
(J1S-5011MIKY, output: 500W) for 3 6 minutes under a condition in which
whole wavelength of the lamp is irradiated at 6.0 mW (an exposure value of
1080 rn.1/cm2) to tom underlayer coatings (film thickness 0.6 pm). Then,
dry etching rate (decrease in film thickness per unit time) on these
underlayer coatings was measured with RIE system E5401 manufactured by
Nippon Scientific Co., Ltd. under the condition in which tetrafluoromethane
was used as dry etching gas. The results are shown in Table 3. in the
table, the selectivity corresponds to dry etching rate of an underlayer
coating in case where the dry etching rate of the photoresist for KrF laser
lithography (trade name: SEPR430 manufactured by Shin-Etsu Chemical Co.,
Ltd.) under a similar condition as above is regarded as 1.00. 15 (01291 The
solutions of tmderiayer coating forming compositions obtained in Examples
12 to 16 were coated on silicon wafer substrates by means of a spinner,
respectively, to form applied coatings. In order to remove the solvent and
dry, the substrates were heated at 100C for 1 minute on a hot plate. Then,
the applied coatings were Irradiated with an ultrahigh pressure mercury
lamp (manufactured by Ushio Inc., type U1S-5011MIKY, output 500W) for 3
minutes under a condition in which whole wavelength of the lamp is
irradiated at 6.0 mW (an exposure value of 1080 nurfcm2) to form underiayer
coatings (film thickness 0.2 pm). Then, dry etching rate (decrease in film
thickness per unit time) on these underlayer coatings was measured with RIE
system E8401 manufactured 25 by Nippon Scientific Co., Ltd. under the
condition in which tetrafluoromethane was used as dry etching gas. The
results are shown in Table 4. In the table, the selectivity corresponds to
dry etching rate of an undedayer coating in case where the dry etching rate
of the photoresist for KrF laser lithography (trade name: SEPR430
manufactured by Shin-Etsu Chemical Co., Ltd ) under a similar 30 condition
as above is regarded as 1.00. [0130]  



Example 1 Example 3 Example 5 Example 7 Example 9 Example 10 [0131] [Table
41 pl 121 Example 13 1.52 Example 14 1.39 Example 15 1.12 Examkle.18
[0132] 5 It was confirmed that the etching rate of the underlayer coatings
obtained from the underlayer coating forming compositions of Examples 1, 3,
5, 7, 9 and 10 and Examples 12 to 18 was higher that of the photoresists.
This result means that in the process in which the base of the substrate is
exposed after development of the photoresist formed on the underlayer
coating, the underlayer in coating is removed before the photoresist Is
scraped out. That is, It is suggested that the developed photoresist
pattern can be transferred to a substrate accurately. Brief Description of
the Drawing 15 [0133] Fig. 1 is a sectional view of an underlayer coating
formed on a semiconductor substrate having holes. Description of Symbol
[0134) Symbol a is dimple depth of the underlayer coating at the center of
the 20 hole. Symbol b is depth of initial hole on the semiconductor
substrate used. Symbol c is the underlayer coating. Symbol d Is the
semiconductor substrate.  CLAIMS I.An underlayer coating forming
composition for forming by light irradiation an underlayer coating used as
an underlayer of a photoresist in a lithography process of the manufacture
of semiconductor devices, comprising a polymerizable substance and a
photopolymerization initiator, wherein the polymerizable substance is a
polymer compound of formula (1): 



in formula (1), P is an alkylene group, a derivative thereof or an organic
group derived from an aliphatic cyclic compound or an aromatic compound, Q
is a direct bond or an organic group having an ester bond, an ether bond or
an amide bond, or formula (2): P+ ( 2 ) in formula (2), P an alkylene
group, a derivative thereof or an organic group derived from an aliphatic
cyclic compound or an aromatic compound, Q is a. direct bond or an organic
group having an ester bond, an ether bond or an amide bond, and the
photopolymerization initiator is a photo-cationic polymerization initiator.
2. The underlayer coating forming composition according to claim 1, wherein
the photo-cationic polymerization initiator is an aromatic sulfertium salt
compound.  3. A method for forming an underlayer coating used as an
underlayer of a photoresist in a lithography process of the manufacture of
semiconductor devices, comprising the steps of: applying the underlayer
coating forming composition according to claim I or 2 on a semiconductor
substrate to form an applied coating, and irradiating the applied coating
with light to form an undertayer coating.  4. A method for forming a
laminated structure of an tmderlayer coating and a photoresist used in a
lithography process of the manufacture of semiconductor devices, comprising
the steps of:  applying the underlayer coating forming composition
according to claim2 on a semiconductor substrate to form an applied
coating, irradiating the applied coating with light to form an underlayer
coating, and applying a photoresist composition on the underlayer coating
and heating it to form a 



photoresist.  5. A method for forming a photoresist pattern used in a
lithography process of the manufacture of semiconductor devices, comprising
the steps cif: applying the underlayer coating forming composition
according to claim 1 or 2 on a semiconductor substrate to form an applied
coating, irradiating the applied coating with to form an underlayer
coating, - applying a photoresist composition on the underlayer coating and
heating it to form a photoresist, exposing the semiconductor substrate
coated with the underlayer coating and the photoresist to light, and
developing the photoresist after the exposure to light. 6. The method
according to any one of claims 3 to 5, wherein the semiconductor substrate
is a semiconductor substrate having hole of an aspect ratio shown in
height/diameter of I or more  7. The method according to any one of claims
3 to 6, wheretn the light irradiation is carried out by light having a
wavelength of 193 rim to 700 tun. 




