DESCRI PTI ON RESI ST UNDERLAYER COATI NG FORM NG COWPCSI TI ON FOR FORM NG
PHOTO- CROSSLI NKI NG CURED RESI ST. UNDERLAYER COATI NG $ Techni cal Field [0001]
The present invention relates to a conposition for form ng an underl ayer
coating between a sem conductor substrate and a photoresist. Specifically,
the present Invention relates to an underl ayer coating form ng conposition
for 10 form ng by light irradiation an underlayer coating used as an
under | ayer of a photoresist in a |ithography process of the nanufacture of
sem conduct or devices. The presenbEgexﬁkaﬂp also relates to a nmethod for
form ng an underl ayer coating by use o he underl ayer coating form ng
conposition, and a nethod for form ng a photoresist pattern. 15 Background
Art [0002] ResyYSTUNDERLAYER COATINGTORMING COMRPOSHION FQR EORMING/i ces,
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The m crg- processing 1S a processing ne conprising formng a thin
coating of a 20 photoresist on a sem conductor substrate such as a silicon
waf er or t hgedhnical Fieldr adi ating actinic rays such as ultraviolet rays
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Background Art
[0002] 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 comresponding to the

26 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, i.e.,
AIF excimer laser beam (193 nm) has been taking the place of KrFF 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-

85 reflective coatings (see, for example Patent Document 1).
[0004] Inrecent years, in order to solve interconnection delay that has become



bet ween the photoresist and the substrate (bottom anti-reflective coating)
In order to resolve the problem As the anti-reflective coating, froma

vi ewpoi nt of easy of use or the |ike, many consi derations have been done on
organic anti- 35 reflective coatings (see, for exanple Patent Docunent 1).
00041 In recent years, in order to solve interconnection delay that has
becone dear with mniaturization in pattern rule of sem conductor devices,
it has been al so considered to use copper as interconnect nmaterial, and to
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containing an organic compound between a semiconductor substrate and a
photoresist layer, that is, as an underlayer of the photores.ist.

[0007] On the other hand, the above-mentioned organic underlayer coating is
25 formed by applying an underlayer coating forming composition oha
semiconductor substrate, and then heating the semiconductor substrate at a
* high temperature of about 170°C to 200°C. Therefore, components with a low
molecular weight contained in the underlayer 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.

85 Patent Document 1: US 6919599
Patent Document 2; JP2000-294504



a0 problens that the vol atized or sublimted conponents adhere on

peri pheral apparatuses and thus the apparatuses are polluted. Further, it
beconmes problens that the conponents adhered to the apparatuses fall on the
sem conductor substrate and it exerts a harnful influence on patter
formation. 35 Patent Docunment 1: US 5919599 Patent Docunent 2:

JP2000- 294504 Patent Docunent 3: JP2002-47430 Patent Document 4:
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urelerlayer of a photoresist in a |lithography process of the manufacture of
sem conduct Bisclpsufecefdnipptiose of the conposition, and a nethod for forming a
phot or esi st Pritiidrs t belSoNdBPhellmventdoh t i on, an obj ect of the present
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reduci ng  process of the manufacture of semiconductor devices by use of the composition,
and a method for forming a photoresist pattern. .
16 [0009] In addition, an object of the present invention is to provide an underiayer
coating that causes no intermixing with a photoresist 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 underiayer
coating forming composition for forming an underlayer coating formed by light
irradiation that can be used for an underlayer anti-reflective coating for reducing
reflection of exposure iradiation light from a semiconductor substrate to a
photoresist layer formed on the substrate in a lithography process of the
256 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.
[0011] Still further, an object of the present invention is to provide a method for
30 filling holes of an aspect ratio shown in height/diameter of 1 or more, formed on
a semiconductor substrate with an underiayer coating formed by light irradiation.

Means for solving the Problem .
[0012] Taking the above-mentioned present status into account, the present

36 jnventors eagerly investigated, and as a result, they found that an excellent
underiayer coating can be formed from a composition containing a



reflection of exposure irradiation Iight froma sem conductor substrate to
a photoresist layer forned on the substrate in a |ithography process of the
25 manuf acture of sem conductor devices, a flattening coating for
flattening a sem conductor substrate haV|ng unevenness, a coating for
preventing contam nation of a photoresist due to substances generated from
a sem conductor substrate on baking under heating, and the |ike. (00111
Still further, an object of the present invention is to provide a nethod
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- as-a sixth aspect, the underlayer coating forming composition according to the
second aspect, wherein the polymerizable compound having at least one

25 cationic polymerizable reactive group is a polymerizable compound having 2 to 4
oxetane rings;
- as a seventh aspect, the underlayer coating forming composition according to
the fourth aspect, wherein the polymer compound having at least one cationic
polymerizable reactive group is a polymer compound of formula (1):

30 [0014]

P
Q—V

[0015]

(1)



- as a sixth aspect, the underlayer coating formng conposition according
to the second aspect, wherein the polynerizabl e conpound having at | east
one 25 cationic polynerizahle reactive group is a polynerizable conpound
having 2 to 4 oxetane rings; - as a seventh aspect, the underiayer coating
form ng conposition according to the fourth aspect, wherein the pol yner
conpound having at | east one cationic poiynerizable reactive group is a
pol ymer conpound of forrmula (1): 30 [0014] in formula (1), Pis a linking

or Tormil a P91 'L?%@f}s??ﬁﬂ"%a@&?wép Rl ind sy paeRbe; s eldhetty, 31 0
group constbmmtmrmgllrﬂslqg(grwmmr IfdE, Q Is a direct bond or a |inki ng

group; - aspoeq i ghth aspect, the underlayer coating form ng conposition
according to the seventh aspect, wherein In fornmulae (1) and (2), Pis

al kyl ene group,
P
B (2)
Q—Co

5 [0017]
in formula (2), Pis a Imkmg group constituting a polymer backbone, Q is a direct

bond or a linking group;
- as an eighth aspect, the underlayer 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
156 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 of.
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 underiayer coating;
- as an eleventh aspect, a method for forming a laminated structure of an
underlayer coating and a photoresist used in a lithography process of the
26 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 undertayer 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 usedina
lithography process of the manufacture of semiconductor devices, comprising



to derivative thereof or an organic group derived froman acyclic conpound
or an aromatic conpound, Cl is a single bond, or an organic group having an
ester bond, ether bond or am de bond; - as a ninth aspect, the underl ayer
coating form ng conposition according to the second or fourth aspect,
wherein the photo-cationic polynerization initiator is an 15 aromatic

sul fonium salt conpound; - as a tenth aspect, a nethod for form ng an
under| ayer coating used as an undedayer of a photoresist In a |ithography
process of Ehe manuf act ure of sem conductor devices, conprising the steps
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right to fothf rhivterasisttodighl 28dati ng, and appl yi ng a phot oresi st conposition
on t he undedbesieping thetphotpresist dfieatheraxposuredo ghtf or m a photoresist; - as a
twel ft h16SPeGL o BB ApSA thb HethatbadtoRliy) @iseyiont cptie tenth todeethn a
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an undedaye[hil%eoe%ttﬂ Qsc’dects. wherein the light iradiation is carried out by light having a
16 wavelength of 183 nm to 700 nm.

Effect of the Invention
[0018] The underiayer 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 photoresists, and cause no intermixing with
photoresists. _
[0019] The underlayer 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 underlayer 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 heating 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 heating at a high temperature is required, the
present invention has ne concern for sublimation or the like even when it uses



appl yi ng a photoresi st conposition on the undedayer coating and heating it
to forma photoresist, exposing the sem conductor substrate coated with the
under | ayer coating and the photoresist to |ight, and devel oping the
photoresi st after the exposure to light, - as a thirteenth aspect, the

met hod according to any one of the tenth to twelfth aspects, wherein the
sem conduct or substrate is a sem conductor substrate having hole of an
aspect ratio shown in height/dianeter of 1 or nore; and - as a fourteenth
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Ther ef or e, ess of 25 photoresists or the Iike applied and
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underlayer of a photoresist in a lithography process of the manufacture o
semiconductor devices. And the underlayer coating forming composition of the
present invention contains a polymerizable substance and a
16 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 polymerizable substance used in the present invention is a polymerizable
20 compound having at least one cationic polymerizable reactive group, a
polymerizable compound having at least one radical polymerizable ethylenically
unsaturated bond, or a polymer compound having at least one cationic
polymerizable reactive group.
[0024] Polymerizable compound
25 The polymerizable compound in the underlayer coating forming composition of
the present invention is not specifically limited so long as itis 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
80  having two or more, for example 2 to 6, or 3 to 4 polymerizable moieties are
preferably used as the polymerizable compound in the underlayer coating
forming composition of the present invention.
[0025] The polymerizable moiety includes ethylenically unsaturated bond being
radical polymerizable moiety. In addition, the polymerizable moiety includes
86 gyclic ether structure such as epoxy ring and oxetane ring, etc., vinyl ether
structure and vinyl thioether structure, and the fike, which are cationic



[0021] In addition, the underlayer coating form ng conposition of the
present invention can forman underlayer coating by light irradiation

wi t hout heating at a high tenperature. Therefore, the pollution of the
peri pheral apparatuses due to the volatilization or sublimation of
conponents with a | ow nol ecul ar wei ght can 35 be prevented. Further, as no
heating at a high tenperature is required, the present invention has no
concern for sublimation or the like even when it uses conponents with a
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[0022] The ypglgysgo/er coating form ng conposition of the present invention
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nmanuf act ur e"@ﬁsw@mwr"mﬁ@ﬂo?"‘b‘%'l’ﬁ%% r %ﬂ!“?'ﬁé‘ %ﬁfﬂ'@?ﬁ@w )&E‘ggﬁ f or mi ng
conmposi t i oncarhpéurisisuels as tciytie acid, imethaaplicaaid itacenie geigrsretepicacilibst ance and
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subst ance> fﬁeemué-ynmﬂioned)ﬁmmratedaﬂwxﬂiﬂeaﬁ epmpprunds asdatcopplention is a
pol ymer i zablgnnounds or amine compounds can be mentioned.  Examples of them are
acrylic acid ester compounds, methacrylic acid ester compounds, itaconic acid
15  ester compounds, crotonic acld ester compounds, maleic acid ester compounds,
phthalic acid ester compounds, acrylic acid amide compounds, methacrylic acid
amide compounds, itaconic acid amide compounds, crotonic acid amide
compounds, maleic acld amide compounds and phthalic acid amide compounds,
etc. The alcohol compounds are not spegcifically limited, and include for
20 example polyol compounds having 2 to 6 hydroxy groups, such as ethylene
glycol, triethylene glycol, tetraethylene glycol, tris(2-hydroxyethyl)isocyanuric
acid, tristhanol 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 diaminocyclohexane, diaminonaphthalene, 1,4-bis(aminomethyl)cyclohexane,
3,3',4,4'-tetraaminobiphenyl, and tris(2-aminoethyl)amine, etc.
[0027] Specific examples of the polymerizable compound having ethylenically
unsaturated bond are ethylene glycol di(meth)acrylate, diethylene glycol
di(meth)acrylate, triethylene glycol di(meth)acrylate, tetraethylene glycol
80  di(meth)acrylate, nonaethylene glycol di(meth)acrylate, polyethylene giycol
di(meth)acrylate, tripropylene glycol di(meth)acrylate, tetrapropylene glycol
di(meth)acrylate, nonapropylene glycol di(meth)acrylate, polypropylene glycol
di{meth)acrylate, 2,2-bis[4-(acryloxydiethoxy)phenyl]propane, 2,2-bis[4-
(methacryloxydiethoxy)phenyl]propane, 3-phenoxy-2-propanoyl acrylate, 1,6-
85  pis(3-acryloxy-2-hydroxypropyl)-hexyl ether, pentaerythritol triimeth)acrylate,
trimethyrol propane tri(methjacrylate, glycerol tri(meth)acrylate, tris(2-



20 conpound having at |east one cationic polynerizable reactive group, a
pol yneri zabl e conpound having at | east one radical polynerizable

et hyl enical ly unsaturated bond, or a polyner conpound having at |east one
cationic polynerizable reactive group. [00241 Pol yneri zabl e conpound 25 The
pol ymeri zabl e conpound in the underlayer coating form ng conposition of the
present Invention is not specifically limted so long as it is a conpound
having one or nore polymerizable noiety that polynerizes by the action of

th hot t t. t that It
form an_ o RATPREEANSSkyRRlG S RerBE PhesmREH e e oA aX' §?p°'n¢”f sol vent
conpounds 3@tméuem@qwmeo¢lpmwhﬂtﬂ| pentafmpta)asriate.and 3

pol yner i Zabhgxdimeta®Pat) 8tcPr Hmémmﬁmﬁﬁmsspwcammw%mae conmpound In

The SQ??LL? Gl PR FRERS PRag op b SCIRETRE nd NABYS 1T 70

radi cal ~ Dol gireolidimethactest y. I n addition, the polyrnerizable noiet y
i ncludes 35 ms]mmlménﬁummwnﬂmngeﬂwmmuy unsatanateddbanddne ring,
etc., vinyl g%%tdgggl n?h(lgﬁdﬁrlﬁcl dféd‘é(l'eﬂ{ahb%ﬁh Bﬁno%ttﬁétcdai’l’b&obﬁlﬁledﬂﬁ l'ike,

mhlch are ¢ e noietles abl e compound,
conpounds twt'%@MPQEP@OMaPBUW@ Ratecempoung ﬁB‘gﬁ?‘V% ’é‘ﬁe pr ef erably
used. As t oumsteratedaarbuxylihacidésteheompdundecirapaingds Hwipgan ke obtaingds

pref erapp e ﬁgga@g Mﬁéﬁﬁ? 8eAEpdHY o8 AbaNd 4l Shydrelyallgd or more (in

t f st | le 100 t
2000, or 15 4 gstgOepmbooa fw%ﬁ@mt‘?r% pubiaer & 2T 10
pol yner i zabdlallytphtbtalamj eteyandgidoylcompouads suchrasAiina pathalath @ts. santbt

speci ficallgpelikgl ted, and Includes for exanple unsaturated carboxylic acid

d
aci d, 10 éﬁ@ﬁ%@lﬁacr‘ﬁnﬁﬁfﬁmﬁ@@q‘wé Eafidti palyREfiaile Ay &' © 00 €
car boxyfd ¢ includewcorapoundsheuing syefic %hﬁfeﬁ@@?@l’%ﬂ“@&sw fipg 2p ad ani de

conmpounds d@teta/mirfg, efe. t\hﬁ;l emevmumwwmamwaanﬁm like. aci d

conpounds agy &h@m ;g&% unﬁ'ﬂa@ﬁg Bgyﬁﬁyﬁ roPSpetficampfirhiRste d.

Exanpl es of |c acld ester tha(‘.hyl Ic acid ester
conpounds, anqam@ngglhgwngﬂos or2to4epoxy ngs can be used.

polymerizable 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, suchas a
diol compound, a triol compound, a dicarboxylic acid compound and a
tricarboxylic acid compound, etc., and a glycidyl compound such as
epichlorohydrin, eftc.

26 [0031] 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 diglycidyl
ether, 2,6-diglycidyl pheny! glycidyl sther, 1,1,3-tris[p-(2,3-
epoxypropoxy)phenyl]propane, 1,2-cyclohexane dicarboxylic acid diglycidyl

30  ester, 4,4-methylenebis(N,N-diglycidylaniline), 3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexane carboxylate, trimethylol ethane triglycidyt ether, triglycidyl-p-
aminophenol, tetraglycidyl metaxylenediamine, tetraglycidyl diaminodiphenyl

- methane, tetraglycidyl-1,3-bisaminomethylcyclohexane, bisphenol-A-diglycidyl
ether, bisphenol-S-diglycidyl ether, pentaerythritol tetragiycidyl ether, resorcinol

36 diglycidyl ether, phthalic acid diglycidyl ester, neopentyl glycol diglycidyl ether,
polypropylene glycol diglycidyl ether, tetrabromo bisphenol-A-diglycidyl ether,



15 ester conpounds, crotonic acid ester conpounds, naleic acid ester
conpounds, phthalic acid ester conpounds, acrylic acid am de conpounds,

met hacrylic acid am de conpounds, itaconic acid am de conpounds, crotonic
acid am de conpounds, maleic acid am de conpounds and ptrthalic acid am de
conmpounds, etc. The al cohol conmpounds are not specifically limted, and

i nclude for 20 exanpl e pol yol conpounds having 2 to 6 hydroxy groups, such
as et hyl ene egcoI triethylene gl ycol, tetraethylene glycol,

trlszhdr £ spevanur aeryt hdt ol ,
etc. (Theyam %ﬁ'& %&d?é#é@%{h@gtp g@?}yﬂﬁ@gﬁ glzé}gdlgﬁ(% udeyf or
exanpl e pol Mﬁ%eB@WPWMHBOWH@ ZanwalM@iQ sidyhjsesyanwaiendighgershi no
groups, suclyo *ubbdtﬁére éhtaéwﬁtola Edyl etey.cl,obistade,
4 am nonapn Sl oy wgﬁ@ﬁ%.é S gy

3,3,4, 4 -tet noe (0027]
Speci i c Sex&irmethyrolpro Rﬂi\@ Qjm | ethen eese ?fg 1.8¢0¥ F%?q'?,lal ly

gn?at %;ﬂ ed dWy&émeebbwa%nelg}ml dlsiywbﬂieammhwtgwdﬂ emblybdel‘d- gl yclol |
i (et h)acr Aficluyl ene co
30 dl (rnet h%@%ﬁlglﬁ@#ﬁgﬁ ne g §§ ?g g‘éﬁ"c g(tgaea pol yet hyl gng

gl ycol di (n&they: r9P‘8989"V?9WEi>F/’ YRmemnt ’91° éi:r yl at e,

t et r apr opyl dmnetlyrplperﬂudrqtmama) dglyphyltw;ernﬁﬂaﬂzis@p‘@‘l ene gl ycol

g' (2 ngt h)llgcz b@ﬁt ;D ;511@ yithéres sy | at e,
S a X | el,010X Qo
(et hacryl og& %jg H%&Vf' ¥ JJ%%M%W% ﬁ%%gclphea)&arnﬁ ate, 1, 6-
35 bi s( 3- acrimoxyate, Mcapoch E&)'Oﬂ@nﬂ 243 feapoxyy

tri(meth) aCHMbﬁnetélgﬁﬁdw&eheﬁn@Pﬁnﬂetﬁ e rigdRixpbig3ut at e, gl ycerol

E;r{e'g R;at 0 acéﬁ“é&gg%%'ﬁ%‘wﬁﬁ'?"py r50 nn&ﬁ%@@{&){ tl@Il:pg;myt hritol

a
penta(mi% yelohexane qarlagy th)acrylate etc. In the
meanti e, | aﬂmﬁemmte)t bis-(exaénmbcwyetohgkydmeﬂgl)ad:pate. and

di (et h) acr Bﬁ% n’e tycol diacrylate and ethylene 5 glycol

di et hacryl a 'iﬂ@ r| Z ound having ethyl enically
unsat ur at ed 0(93311 'i'?lp? ﬁﬁ"fﬂg ngJeg '%Pgtos%ﬁf:ibf’%&ne conpounds
t hat can belnmiﬁchlandabobmoumwhawng bt Gvord toed pmtgmhm&camlﬁmbte conpound
and a hgelr OI%E‘ y‘éh;hg ﬂ g@&gia'ﬂfééorﬁammﬂvlr@ %wike%b%clwmeﬂé)&mm@n'pounds

2 hydr oxyal & SRS prain sl el iotdhnd e ooy o, 1™

a hydr oxyal
conpounds  soxstanes md@m&ﬁ{wavawﬂiyl)o’@tﬂﬂemwbﬁ«@ﬁhﬂ@unds such as

di vinyl  pht SatariydmeBidiy)méth Béwzehe IR (3-6MYREhxdtarylmdthiyiyetheradnid conpound
having cati Bé]wtgergﬂllr%n?et}aﬁ%P tﬁW '3-5x\éwnyl)methyl)ether ete.

25 [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 vinyl-2-chloroethyl ether, vinyl-n-butyl ether, 1,4-

30 cyclohexanedimethanol divinyl ether, vinylglycidyl ether, bis(4-
(vinyloxymethyl)cyclohexylmethyl)glutarate, tri(ethyleneglycol)divinyl ether,
adipic acid divinyl ester, diethylene glyeol divinyl ether, fris{(4-vinyloxy)butyl
trimellitate, bis(4-vinyloxy)butyl)terephthalate, bis(4-vinyloxy)butylisophthalate,
ethylene glycol divinyt ether, 1,4-butanediol divinyl ether, tetramethylene glycol

35 divinyl ether, tetraethylene glycot divinyl ether, neopentyl glycol divinyl ether,
trimethylol propane vinyi ether, trimethylol ethane trivinyl ether, hexanediol

10



16 includes conpounds having cyclic ether structure such as epoxy ring and
oxetane ring, etc., vinyl ether structure and vinyl thioether structure,
and the |ike. 10030] The pol yneri zabl e conpound havi ng epoxy ring i s not
specifically limted and conpounds having 1 to 6, or 2 to 4 epoxy rings can
be used. The pol yrnerizabl e conpounds havi ng epoxy ring include conpounds
having 2 or 20 nore glycidyl ether structures or glycklylester structures

t hat can be produced froma conpound having 2 or nore hydroxy groups or

A b ook kb o T

aci d conpou et c and a glycklyl
conpound sum@gv@ptqtﬂrvwb@tpqrra WFE‘U iy “?:"He?:tp'fl c exanpl es of the
pol ymedzabl pogeppsiyradr dit&ﬂpmdmmg catmgc pdwmeuaabkb@amgf@%d are

T e
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1, 2- CyC| ohegamsouids habiay Yhe o mejpdvlgevzabdg/mo that polymerizes by
T

f
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di ami nodl phua;rﬁonedtfumwa (t)arragamhworymnarosamtﬁm Fied: 1845 é@ﬁgl% fexane,
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tetragl ycklé er Sorti lopl w [mklmrbabl c acid

di gl dlggéﬁ"?ﬂ%ﬁ%‘ﬁ’rf’ Jorty Yy or g lycol
3 57et o1 ovmai gﬁmw@mﬁw Jobs ey soistreBReAs RLARC 2]V
hexaf | uor oagﬁﬁgn@gaj of prépyienetdioup, apdlﬂtaéemrahvesmﬂalwmglemun%h@& her,

tris-(2, 3- &4%@%&8}@5%%“7 N &bt Ab@With hdnéhen gAyanunt e,
bl o(Bs. ﬂgmm@mee moabpm@'aﬁﬁéaraﬂe' petngpRRRRR M | o "%“ﬁ’
pol ygl yci dWVheh |Pei§ an‘alityléregroyp ot adepatie tergaf] e lpelymes compoundsfy c| n

diglycidyl @ )1?{5( Eﬁ?&azflz‘@ﬂk?uddbﬂh%ﬂia@bﬂlic%bﬂdﬂ:’ase@@blyﬂbhw ene glycol
di gl yci dyl en cidyl ether, p-tertbutyl phenyi glycldyl ether,

adl pi ¢ aci 00951‘@ dyl ether, o-phthalic acid diglycidyj ether,
di bror nophenmsspre:mmhlcegwmdermeQ fromealiphatieyaie cemeouridsdhat

g :Oggs Brg@;l}g@gﬁeé??eﬁ%{@m&ear p Gt £l eliphaicotyvatbnd alobisd| 2r aliphiatic

gl yci dyl oxy%cﬁ r;f %ﬁéﬁ@ @%%g%%’%@ﬁﬂ@ lIcﬁe ¥|| pondl%f)t)(()ycycl ohexane
car | eoxyl atmyclothpnanﬁamy@y@lpm rmm ffiacid br the defivative ther®

2- (3 4- epoxy by filuBiipy dGeohalogen, a&eldlcanazesaﬁdspwrlsnﬁlbanexane

1, t hyl d
45' -:poy ene ﬁ@?ﬁy@ﬁé‘%ﬁ’%g F‘Pﬁﬁ%%ﬁg%hg%gnﬁa th?r%?l r;lirercycl ohexane
car boxyé t eGonepawids )B‘i Srﬁpo'ﬁ%%&/ PPYRRShecar boxyl at e)

b1s43, 4- epopop @n@@bmbbwupaﬂnpad ﬁomm@hﬂ@@@ﬂ@@#bﬂ%?@ﬂ%ﬁi&ﬁ‘f’?pet her,

etc. [ 0032] r 1%@;5 er dof @gorhation ot
speci fi cal I -ﬁjﬁn@ﬁ%&gﬁﬁ%({ﬁ %&eﬁﬁdﬂ P&ﬂ?\h r%s xet ane rings
can be usedolp@iqniglisgholraromas F &Q#B@ﬁ'rqdo HAl 2; OXEl ane ring
i ncl udes f ogbtainedply eoﬁdemslayrbn Betlwpdn anyatematj¢ aloskal gampound and an
g e: Ey: 36(32(9?%}{2{% x h ﬁs&sﬂlu%d\wth % group orcietogen atom.
et hy € XYy o r I e y ne,

oxet any| yne¥R8R\) iIref ﬁSE’r\'@ %or&mrégf& ﬁa@‘gét“%ﬂ Iym -
pent aer yt hrWoMSmﬁhrs(u(aa(ﬁ:oh@la& phasohigvolakstanyapathalepe "8

[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.
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25 [0034] The pol yneri zabl e conpound having vinyl ether structure is net
specifically limted, and conpounds having 1 to 6 or 2 to 4 vinyl ether

structures can be used. [0035] The poiynerizabl e conpound havi ng vi nyl

et her structure includes for exanple vinyl-2-chloroethyl ether,

vinyl -n-butyl ether, 1,4- 30 cycl ohexanedi nethanol dlvirlyi ether,

vi nyi glycidyl ether, bis(4- (vinyloxynethyl)cycl ohexyl nethyl)gluterate,

trget hyl enegl ycohdi vi nyi ether, adipic acid divinyl ester, diethylene

giycol di v\ itlsoPTRChond lbdd o SUIMRINICRIOY, othér BBid (184 bPamide bond

bi s(4-vi nyl g fngfle RLFERBINEICIOY, but 1 late,

0 b B e B 22, ene

g: \{fg' i die;/ Lgér{ékaPQ of thetredin and byb)qrrmggirlmeiandirmg ayé dimettllg tgllr:dmt‘a pea; t %/Ir i 8: %ciol
y ?Eﬂ %%F&Leyﬁ’g g?ﬁ@érlﬁh)l’du@‘- gy@fﬁ]ﬁ&or&éﬂid@% i cohtaRingane y

ether, h xaH‘@H ohexanedi ol divinyl ether,

tetraethyl e < divinyl ether, pentaerythritol divinyl ether an
hy ! elifpking gredp. di vi nyl h hritol divinyl h d

pent aer yt hr jopa] Whenitiey polgrbecomprund of Besdioveaentioned-formpuadd) ordé) ng

cationi c PO%&%&?&%&@%&%H&%&&B L¥iRG imdefieesIBeing aw he

under | ayer coat] ng o'rmvrg conposi t.i.on ﬁ’f t.he rprg@g i ApENtion i's not

speci fi cal | fatarigis fdheolyda yndjtagetheryyi erse ﬁ%oun:!s havi ng one or

nor e poi yemonainkrs, and teresiiting capojymesrican deiuped pe thecpqlymersgonpound

phot o- ca i opithe BRsERBIRl&fRIoh O MThdlbthbPésolymeriz@H18 Alonbhteridicises anonpound i s

hown by the sffucture of the above- f 2), and h
poxy 11 ng BHSHRECRSHable MEvamR R g ey 4 B Bt %:ﬁ%ﬁ'%m e moi ety.

ti

aq
[0038] In thed abesanmsntlanideda methasndamide, avingboompoupd, ki ng group
constit uti ngaimkYMBleidRHYBANS aciidfittilen tigs ikeps Ircthisra@spothei ng to P i ncl ude
et hyl ene group Qr pk | r t i L ne groups
Chat  hyelr ooRApapn ey Efrdf it Br oiba (FForte) 1040 sl uft gﬁhﬁal ogen atom
16 (f1 ubfi neddiiampolynerizableemanamer ip thsmehiaingd BAYMSE CoPPHTEERI8HECr i ng can be
used. When f1DsSorcaI1 & Kp| 6131 @5 OB(n atasa ratiex. i vative thereof, the pol ymer
conpounds Ofanf la. VIl i fehe) aci d- based

p n@gﬁ@é glvgffxﬁé%aoué&ﬁaﬁ%@g (2 t8ifhof sRindaRd bastyiohe)

t
pol ynmer co : - Qr.gani c der i fr i hCc cyclic
conpounds t #fihe polypter carpennskis 19U er F"s‘”% fBb$We X‘?&a‘i"i%’ﬁg I'CCR::)'%P?/VM ent
al cohol or ! 5q008; 6ic3000 to 50000, or 4000 to 30000. - Examples of these polymer

20 compounds are as follows. '

[0045]
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pol yval ent carboxylic acid, and for exanple organic group corresponding to
cyci ohexane trio!, cycl ohexane tricarboxylic acid or the derivative thereof
substituted with al kyl group or hal ogen atom can be used. Wien P is an
organi c group derived froman aliphatic cyclic conpound, the polyner 25
conpounds of formula (1) or (2) are polyethers or polyesters. [0040] As the
organi c group derived fromaromati c conpounds that corresponds to P, it can
be used an organic group corresponding to a polymer of aromatic polyval ent
al cohol, aromatic ponvaIent carboxylic acid, or a novol ak resin obtained
by condensati an aromatic ?Iﬁohol conpound and an 30 al dehyde, or
the derivative ther 9 4 H?SRE?Hted wi't al kyl group or hal ogen atom Wen P
is an organic group erived om an aromati c conpound, the polyner
conpounds of f é%é or (2) are phenol novol aks or naphthal ene

novoi aks. [004;E IS a bond that K&hks epoxy ring or oxetane ring pending

fromthe backbone of Fﬁ@@ ins, and the bond is a direct bond (single
bond) or a li |ng 36 group.~The finking group is a divalent organic group
havi ng an est her bond or anidg bond, etc. [0042] The bond node
of ester bond (- CIIE¢-theronqb( 0 f r am de bond (-CONH) nentioned

above as the |inking group nmay a node in which the backbone of the resin
and epoxy ring or(»ﬁﬂﬁne ring are directly bonded, or a node in which they
are bonded tthQgp égnalent organic 8;oup cont ai ni ng the 5Iinking group.
[0043] Wen th 5I nd of theblabove-nentioned fornula (1) or (2)
i's synthesized, a cd%i be produced by using nononers being raw
materials of the polyﬁty conpound together with other copol ynerizable
nmonomers, and t y&e&ukﬁ#ng copol ymer can be used as the polymer conpound
in the present inventio t her c@ol yneri zabl e nononers i ncl udes an
addi tion p0|yner|zable moho such as an acrylic acid ester, a netheorylic
acid ester, an acryl de, a nethacrylam de, a vinyl conpound, styrene,
mal ei m de, mal.gigy, i de, acrylonitrul§ or the like. In this case, the
proportion of the StéGCtHﬁab f forfdla (1) or (2) to the structural
unit of the addition polyrner?za e nononer in the obtained polyner
conmpound is 1011 to 1/10, or 511 to 1/5, or 311 to 113 in nmss ratio.

[ 00441The w046k average nol ecul ar weight (in terns of standard

pol ystyrene) of the polynmer conpound is 100 or nore, for exanple 1000 to
200000, or 1500 to 50000, or 3000 to 50000, or 4000 to 30000. Exanples of

t hese pol yner 20 conpounds are as follows. [0045]
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COO- CH2- 11-1 0-CH2 CO- NH CH2 OFi 3 100471 (15) tHry 100481

~{cH,—cH-
CI:OO"CHZ_CO (%)

_eCHf_(l:H + b (10)

O—CH,

~{cH,—CHY
c':o-—NH-cnz—Co (11)
fon—
CH—C
CI:OO-CH2—<>O (12)

CH,—C
(I)_'QH:: _<>0 (13)

Otls
'('CHZ_?_)_ (14)
CO—NH~-CH; —Co

[0047]
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100491 pogo] <Photopol ynerization initiator> The photopotynerization
initiator in the underlayer coating form ng conposition of the present
invention is not specifically limted so long as it can initiate the 5

pol ymeri zati on of the polynerizable substance by |ight irradiation.
Compounds that generate an acid (Bronsted acid or Lews acid), a base, a
radical or a cation \ (37) CH2 17 can be used. (00511 For exanpl e,
conpounds that can generate an active radical by light irradiation and
cause radical polynerization of the polynerizahle conpound, that is,

phot o-radi cal pol ypexiyation initiators, and conpounds that can generate a
5 cation spect SUC a proton §C|d and a carbon cation, etc. by light
I rradi ati on and cau ation poly fP?zation of the pol ymer conpound and the
pol ymer conpound havi '7@;7 meri zabl e group, that is, photo-cationic

pol ymeri zation initiators,Yand the |like can be nentloned [ 0052] Light
irradi ation cary be peyfiormed by use of |ight having a wavel ength of 150 rim
to 1000 rim oﬂé@ga %Eérto 700 rim or 300 nmto 600 rim And, the

fol |l owi ng phot opol yr &_g&hon initiatdnslare preferably used: the

phot o- r adi cal 2

o

'-—CHz

—éo-—-\\;—)— (18)

T aw
\)<CH2—<<>O

TR iy @

_60“'\)<O—CH2—OO (21)

o
(22)
co-NH-CH2—<>O

{0048]
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pol yneri zation initiator that generates an active radical, or the

phot o-cationic polynerization initiator that generates a cation species at
an exposure value of 1 to 2000 main', or 10 to 1500 rn.f/cn2, 01 50 to 1000
mlicnR. 15 [0053] The photo-radical polynerization initiator includes for
exanpl e i m dazol e conmpounds, di azo conpounds, bisim dazol e conpounds,
N-aryi gl yci ne conpounds, organi c nude conpounds, titanocene conpounds,

al um nat e conpounds, organi c peroxides, N alkoxypyridiniumsalt conmpounds,
and t hi oxant hone conpounds, etc. The azi de conpounds include p- 20

azkl ebenzal dehyde, i deacet ophenone, p-azi debenzolc acid,

pazi debenzal ace® , 4, 44i azi dechal cone, 4, 41- 4|a2|ded|phenylsuff|de
and 2, 6-bi s(4tazi debe -4 nethylé%é?ohexanone etc. The di azo conpounds
i ncl ude 1-di azo- 2, 5-di 4-p-tol yl mercapt obenzene borof | uorl de,

1-di azo- 4- N, “f@ n1no enlene chloride, and

1- dl azo- 4- N, Nai at hy nobenzene boroksyepride, etc. The bisimtiazole
conmpounds i ncl ude 00—CHay

2,21-bis(o-chLEropth¥ )-4,5,4'95s-tetrakis(3,4,5-trinethoxyphenyi)l

, Zbi si m dazol e-Ca0d-
2,2"-bis(o-chl rothﬁ¥h%45,454etraphenyﬂ-l,2'-b|S|nldazole, etc. The
titanocene conpounds i Udﬁ‘g?byclopentadienyl-titaniun}dichlotide,
di cycl opent adi gnyl - ni um bFsphenyi,
di cyclopent adi Q UW}bIS(Z 3 4, g %8 30 pentafl uorophenyl),

t

di cycl opent adi enyl -tit ? b raf |l uOr Ophenyl ),

di cyclopent adi enyl -tit I urn- 416 trifluOrOphelM,

di cycl opent adi enyl titani um bis(2, 6-dilluoroPhertyl),

di cycl opent adl enyi |un}1N®(2 4- difluorophenyl),
bis(nethyloycld%@ﬁ@ I) titanlum 2,3,4,5,6- pentafluorophenyl),
hl s( et hyl cycl opent a | ytiAani um bi's(2, 3,5, 6- 35 tetrafl uorophenyi),
bls(neltlylcydopentadle 1)- ni um bi s(2, 6-dilluorophenyl), and

di cycl opent adi Eﬁk% I tani um bi s(2, 6-di fl uoro-3-(11-1-pyrrol -1-y1)-phenyl),
etc. [0054] Thke </radi cal po yner|%§%5on initiator also includes 1

, 3- dlflertbutyldloxy bﬂygdﬂlo-- phert one,

3 3,4, 4- tetrakls(ter butyldloxy at honyf | benzophenone,

3- phenyt 5- |so 2- mer capt obenzi m dazol e,

2, 2-di met hoxy4, -de | et han 1 one, (212hydr oxycycl ohexyl - phenyl - ket one,
and 2-benzyl-2-di met hy nor phol i nophenyO- but ane, etc. [0055]
The photo-cationic p rization initiator includes sutionic acid esters,
sul foni m de co GMHgiﬁgﬁsultan)ldlazonet e conpounds, dial kyl14-

hydroxysulfonlu n sal aNﬁtgq fo aci nltrobertzyl ester,
(

si |l ancl - alunlnun1loconp ne) (n5- cyclopentadlenyfllron (11),
etc. [0056] The sul foni m de conpounds Include for exanple

N(trifluor doed49janesul f onyl oxy) succi ni m de, N-(nonafl uoro-n-

but anesul f onyl oxy) succi ni m de, N (canphorsul f onyl oxy) succi ni m de and
N(trifl uoronet hanesul f anyl oxy) napht hal i m de, etc. [00571 The

di sul f onyl di azonet hane conpounds i ncl ude for exanple

bi s(trifluoromethyl sul foni un) di azonei hane,

bl s(cycl ohexyl sul f anyQdi azonet hane, bi s(phenyi sul t onyQdi azonet hane,
bi s( pt ol uenesul f onyCQdi azonet hane,

bl s(2, 4-ci | net hyl benzenesul f anyQdi azonet hane, and

met hyl sul f onyl - p-t ol uenesul f onyl di azonet hane, etc. 20 [00581 The
phot o-cationic polynerization initiator also includes 2-

nmet hyl t hi ophenyl) - 2- nor phol i nopr opane- 1- one.
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[0059] In addition, aromatic |odonium salt conpounds, aromatic sul fonium
salt conpound, aromatic diazoniurn salt conpounds, aromatic phosphoni um
salt conpounds, triazine conpounds and iron arena conpl ex conpounds, etc,
can 25 be used as both the photo-radical polynerization initiator and the
phot o-cationic polynerization initiator. [0060] The aromatic iodonium salt
conpounds i ncl ude di phenyli odoni um hexaf | uor ophosphat e, di phenyli odoni um
trifluorornethane sultanate, dl phenyliodoni um nanofl uoro-n-butane

sul fonate, di phenyliodonium perfluoro-n- 30 octane sul fonate,
d|pt|enyI|odo un1c.~u or sulfonate, bis(4-tertbutylphenyWdoni um canphor
sutfonate and - but yl phenyfliodoniumtrifl uoronethane sutfonate,
etc. to0611 T aro onluﬁ?éélt conmpound | ncl ude for exanple
trlphenylsulfonlun1hexaf?u oanti nonate, triphenyisultoniurn nonafl uoron-
35 biitanesul ffg ri phenyi sut f onl um canphor sultanate and

tri phenyl sul t 4§%§?W uor onet hane sul fonate, etc. [0062] in the
under | ayer coating focQDRELHERPESI ti A 26f the present invention, the
phot opol yneri zation injtiator &€ n be used solely or in conbination of two
or nore Kinds+¢ e content of the polynerizable substance and the
phot opol yneri zati on Qh%lator in {3 undedayer coating form ng

conposi tion of the prese inyention is as follows. The content of the

phot opol yneri dh iator is for exanple 1 to 20 mass parts or 3 to 10
mass parts base 0 nmass parts of ¢ahe pol ymeri zabl e substance. Wien the
content of the photo WhedZHe Initiator is less than the lower limt,

t he polynerization does not proc€ed 10 sufficiently, the hardness and wear
resi stance of | ayer coating often become insufficient. When the
content of th éggéyrnerlzatlon initiator is nore than the upper limt,
har deni ng occurs onl |%%)cﬁ the surface of the underl ayer
coating, and thus It o ten ones difficult to cure conpletely to the

| nsi de of the r coatlng 16 10064] When the conpound having
ethylenically Izz%iignbond i ng Gﬂ%lcal pol yneri zabl e noiety is used
as a pol ynmerizabie su caz u dayer coating form ng conposition

preferably us top0|ynedza?|on initiator. When the conpound havi ng

~of the present ,inve the photo-radical polynerization initiator is
ur Yet ane ring

vi nyl et her st eegx
fou 3
(38)
O-NH—CHa

‘€°H2 C{} " o

CHz

(39)

[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 (Br@nsted acid or Lewis acid), a base, a radical or a cation
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20 being cationic polyrnerizable noiety is used as a pal yneri zabl e
subst ance, the photo-canonic polynerization initiator is preferably used as
a phot opol ynmeri zation initiator. [0065] The underlayer coating formng
conposition of the present invention can contain in addition to the
above- nenti oned pol yneri zabl e substance and 25 phot opoi yneri zati on
initiator, surfactants, sensitizers, am ne conpounds, polyner conpounds,
anti oxi dants, heat polynerization inhibitors, surface nodifiers and
def oaners, etc i f necessary. [0066) The addition of the surfactants can
lead to i nhf¥I P YDt occurrence of pinhol es or stri aé'. bydigfit - and to
i npr ovement [0051} Fer exapiple; somgpausisdpalqap Q?Peﬁﬂ%a'éa"t!)’ﬁd #'?%ygr coat i ng
formng conpeidibsAnd Bhesesrabicaigionmatizatian ofdbe polymesizabln compiindotigbt hy| ene
Ay ethe o BAMRYAG R B heattal WBXRL Bl BaMpbatcithatdian genemtd soxy ot hy) one
st earyi et h P 8’% ?@J yiene ol eyl .ether. et. f tgcﬂyﬁaﬁ et hyi ene al kyl
aryl ethBr caligpapegiessuethagg PB?SPWB%?‘E@H%%‘W&%@& phend| e%/g%r and
poi yoxyet hy|reamtieaant cabsnaition pblymerieation of 35 polymer compound and the
pol yoxyet hy ' A e ,YHais, photpa@atiolsic sorbitan fatty

g&ggggg&dgawsuq s P

£

acid ester €O ) as It an n , sorbitan nonopairnitate,
sor bi't an noRe¥MEEH W,'“'QW&F%&M&B&?@?S‘!‘%[ I'tan triol eate ap sorbitan
tri st ear at e[0052} Lighpiragiatigrecanbeperfarmediby semhlight haung adaverE gk Pounds such
as pol yq_a%/et,gghﬁﬁ]g 1%96'&},%%919@!?@;&61706“1. opGOQnuMeBDQInanem:at;iet anth |
nonopai mitage, pol yoxyethyie hdde e ene
sor b!ot an tr@?ﬂﬁ‘gﬁ@a@‘yﬁwg@??@&o%ﬁ%g S Qid'g‘lérﬁg\gngéﬂgaiyne %ased
sur f act ant s polgmgrizationdnitiatonthet generaies g ggive @3@6@?“@??@'2% nuract ured by
Jermco 1nc.) poldfeattATRtiatyFBAFfRerdtdd a cBliciBsparicaat amezpoguilEa et tir ed by
Dal ni ppon I&l;z d@ﬁﬂem%@ }.@&9 lc Z a6y RA0D0 rilsIgRAD FA30, FCA31
(manuf act ur @g’ Y R/I rmted), trade.n : _ gﬁm 1710,
Tmbqtp-rdjﬁdmolvg@rﬁe,w%a'&%g’,f '@%§ fé%& ant %ct ured by

SURFLON 84800058
Asahi G ass c&fpourtds(diazo sompourgianbisimidezairecqropaiids, NesAdYQiifanuf act ured by

ot s (A B Bt i st L, L2 200
100 mass paP?@PQ‘F"%B"QS‘B %ﬂ?é‘?’?%ﬁéalg%é?%nc%. %ﬁﬁgggﬁhe sensitizers
can be usedttiioxantibme domponods &tk (The azidegomppungs BFIUERE™ phot opol yreri zat i on
| ni t : at @o t&ihé%éﬁmld@ﬁ?dé.ﬁgﬂédéa&f héMwﬂmz;MeWié mpyr r omet hene
o v alkehiafyi, L ibiydyichel ookt
conpl ex, et and Zﬁﬁsﬂéaédemaaﬂrmpthu(quﬁlpq@pgn%L%ch ?s“eecg h, et hyl e0si n,
compounds include 1-diazo-2,5-diethoxy-4-p-tolylmercaptobenzene borofluoride,
1-diazo-4-N,N-dimethylaminobenzene chloride, and 1-diazo-4-N,N-

256 diethylaminobenzene borofluoride, etc. The bisimidazole compounds include
2.2'-bis(o-chlorophenyl)-4.5.4',5'-tetrakis(3.4.5—trimethoxyphenyl)1 2'-
bisimidazole, and 2,2-bis(o-chlorophenyl)-4,5,4’, 'tetraphenyl-1,2-bisimidazole,
etc. The titanocene compounds include dicyc!opentad‘ienyl—titanium—dichlon'de.
dicyclopentadienyl-titanium-bisphenyl, dicyclopentadienyl—titanium—bis(z,3,4,5,6-

30 pentafiuorophenyl), dicyclopentadienyl—titanium-bis(2,3.5-.6-tetraﬂuoropheny!),
dicyclopentadienyl-titanium-bis(2,4,6-triﬂuorophenyl).-dicyclopentadienyl-
titanium-bis(2,6-difluorophenyi), dicyclopentadienyl-titanium-bis(2,4~_
difluorophenyl), bis(methylcyclopentadienyl)-titanium-bis(2,3.4.5.6-
pentafluorophenyl), bis(methylcyclopentadienyl)—tltanium-bis(2,3.5,6-

86 tetrafluorophenyl), bis(memylcyolopentad-ienyl)-titanium:-bis(2,6-diﬂuorophenyl).
and dicyclopentadienyl—titanium-bis(z,ﬁ-difluoro-3—(1 H-pyrrol-1-yl)-phenyl), ete.
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20 erythrosin, fluorescein and rose bengal, etc., ketothiazorine conpounds
such as

1- (1- et hyl napht ho[ 1, 2-di t hi azol e-2(1H)..ylidene-4-(2,3,6,7)tetrahydra-1
F1, 514- benzo[ifi quinolidi ne-9-y1)-3-butene-2-one,

1- (3- net hyl benzot hi azol e- 2( 3H) -

yl i dene- 4- (p-clinethyl arni nophenyl) 4- but ene-2-one, etc., styryl or

phenyl but adi enyi heterocyclic conmpounds such as 24p-di nmet hyl am nostyryl) -

gfmn?p ht IhO[WE)Cﬁ%i dical p oiymetl;lzatlon initiator also lncLudﬁ 123-%1(t?rr§-| I o
-(p-cli u 0 [ azole, etc. In
addi tion @%B%HPJ?E éﬁjﬁ %@&3 5-triazl ne,

2, 4- di phenybui@ld(c(xyarﬁorﬁjl)bpnmphawm 6=P11qﬂ5| Iseaa3PloNetri nol i di ne- 934) - 1- et he
ne- 2831/8 i er b%ﬁfﬂlﬁﬁdb"k'&ld‘md—dlﬁfeiﬁbxﬁﬂ@-(? bhﬁyﬂahaﬂﬁ’-boﬁbi Bhyydrexzo[ ] qul nol i d
i ne- e ne an

2. 5-bi s( - dFYRS %‘F\}?‘a@h Ry F&&i’??&f’é' Fefimethylamino 18 5 10, 15, 20-

t et raphenyl p@f@@}cmnﬂeﬂm-&uwﬁ. e nenti oned When the sensitizer is used,

the added appss] Theplicto-catichi®pslyPedzdtion Mitiatersiacipdes slfbaisadidarstdrd0 nass
parts of thgwgglﬁ cbﬁlﬂpurfdosagaﬁm'% L ch gﬁadﬁg,ﬂ@mounds can be

used in ord wer | |t| Q1
i nhi bition BYdfPﬁ@UW'Bﬁélt?lﬁBﬂﬁ“ﬂfgﬂccﬁ?' 'Pﬁ“ﬁp eﬁér tsﬁaém%ﬁl @gnpounds
sever al 1&m mplexcﬂq&béazmer)@Smycbpemadlenﬁ)mm(H)eet%onpounds and aronmatic

am ne conpo ﬁ‘é&nfoﬁmdbeoﬁl ﬁéludé\@rafamewn'pound is used, the
added am)un or exa | ma'g_z &%ﬁ&@, q_fased on 100 nass parts of
t he pol yner ! ?:q]ﬁ%‘? %ymfy i?"f'ﬂ% U Re ymer _conpound enabl es
t he cont r ol butenessifomyioxy)succininide, fd‘t(@ﬁ!mlmtﬁfﬁnﬂeéfﬁl!%’lné'ﬂﬂe aBddN- i ght
absor bi ng pm&:tfethﬁﬁé‘sulfeﬁylé%amdﬁhm@ew:oat| ng formed fromthe
under | ay,pr pention. For
exanpl e, @S&ﬂ%dig@fgﬂ% &gg;%n'gﬂ g?élé;ﬁ gﬂ?&ﬁ%&?':nﬁg can enabl e an
i ncrease i nblsmluorcg'mmg@&nm '%P@ﬁ © of the underlayer coating to ArF
exci mer | askig(chelonexylsaifetydapizbmetiane| bi)(phbnylwl'dnylldmzomabmmbwﬁﬂ-e t he use
of polyre! SRERBHIRRy IR b S0fmbhBetierRBiftnnSaRmefanGan enabl e
an increase I n { g 38 ggert o he under| ayer coating to
Kr F exci neraﬂda@éﬂwb@ﬁ‘?ﬁ)"ﬂé‘a'é?@@%ﬁ ; As the pol ymer
conpounds, [0658Y e mitdtmhnordmmjmemﬂha\iﬂmagoraalﬁwiﬂghﬂe%@er age nol ecul ar
vei ght (in fef h%g @d,% frBRloprépErROEbn®f about 1000 to 16 1000000 can
be used wit tatl pol ymers,
rnet hacryl a@ggglﬁi ftign, WBWB?%WBB%&&%&OE%S 3 | c?sulfaﬁfu}ﬂ %}gm des,
pol yani ¢ adetsnpquotlyarsmatis dinadnipol galtmmmynﬂ%\ﬁrwgamnaon P'ﬁ‘gf thapht hal ene
ring or antéHn*’ib‘diiﬂGs rtliffine B6MpoWrRI3 20 IREremmesplé 6arpouitls, giol garer
conpoungts &xCsld £l pdthl the Hibto-RRAGH BbiyheRZAR ihittatoP 8 fePhoto-cationic

polymerization initiator.

[0060] The aromatic iodonium salt compounds include diphenyliodonium

hexafluorophosphate, diphenyliodonium trifluioromethane sulfonate,

diphenyliodonium nanofiuoro-n-butane sulfonate, diphenyliodonium perfluaro-n-

80  octane sulfonate, diphenyliodonium camphor sulfonate, bis(4-tert-

butylphenyl)iodonium camphor sutfonate and bis(4-tert-butylphenyi)iodonium

trifluoromethane sulfonate, ete.

{0061] The aromatic sulfonium salt compound include for example

triphenylsulfonium hexafluoroantimonate, triphenylsulfonium nonafluoron-

35 putanesulfonate, triphenylsulfonium camphor sulfonate and triphenyisulfonium
trifluoromethane sulfonate, etc.
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20 used for anti-reflective coatings being an undedayer of photoresists in
the lithography process of the manufacture of sem conductor devices can be
al so used. The use of such pol ymer conmpounds can enable an Increase in
performances as anti-reflective coatings of the undedayer coatings forned
fromthe underlayer coating form ng conposition of the present invention.
26 (00721 When the polynmer conmpound Is used, the added anount is for
exanple 0.1 to 50 mass parts based on 100 mass parts of the polynerizable

fﬁg:;f:‘gﬁ | % ?ng?i@%bl&%@?é&ﬁfn q&ﬁﬁﬂg@(;ﬁﬁ&smoﬁG)fﬂWGMﬁmm&n,t heoﬁ;ﬁfent
Btz i 3¢ b paf] 5507 oF i SolifiylionEREa GETVCTE™

(hereinafte
t he sol vent moamyindgl vents can 30 be used as far as the solvents can

di sisol ve ]E heoosa| THe e6rtbIRIYS the So gfhéfr&ablefwmawanmmhﬁomlymemml velnt s
i ncltxiegfor co
nonoet hyl5 r}lﬂﬁ)f r%,ﬂ‘,%fg%ﬁ}% ace %&%&lﬁ] ?{‘n fesgfa{%\lleé?@&?&' a%/e
di et hyl ert eagf%"@WF entiof therihotopglyateariga E‘qﬂé for@xamRie } 0 et her |
propyl teEeI gkg awiss parte py 8 €nt0 glags phrtsrbaseiedn 00 maisepartsaifﬂpﬁ%oylt enet g: ycol
nonone e, toluene,
xyl ene, y E%I?ﬁ\@{l%aﬁ? g"&a@oggbw% Hjﬁ?%%%gxa geri%gﬁlgt hyl
2- hydr ox

et hgxyaéét asfficientlyy thethadiresy and weberesistarios lof menymlsdawsoam@ftauut anoat e,
nethyl  3- ”Ebm@hgﬂﬁﬂaﬁt ewr%ftué contERidl e/ piciidliérzatien iRitlatot s

et hoxypr opi onat - et | onat t yl

pyruvat e, fo%%?w m'“ﬁui%"aggmf@ﬁqg;@y F&ne %??gygg%ﬁﬁog}ogct at e,

N- dI et hyf f thernudedayer Koatifignandh {hus nibgeomess diffichlf ta

N—gt hy!&pyrmlihgw&thghadgﬂyggsc@hgents may be used sol eI y or in t -
conbi naggon |n 0

{o 2500 or el WeBipsEirfpcurdsbyips HRstiedl Lpeqtblipbehalanid (el

boi | i ng poi PRlyBerizabie @elewﬁtuseéa%wlmﬁalvﬁéuwa%%‘oéh% f@x%fd Iower
limt, the seuting lfdrﬁﬁnngibrﬁﬁositldna:fme prosentinvehtior ¢hesphatemadichir i ng t he

appl i cati Onpa,(@a%uyn S preiGabiy Ut 36 B MBIz CH BLIoEN causes an

th
boi 11 ng. por PR e sRRG mvmpﬁf‘?wh?@efm& eonas 089 RERETON Fpper 1 i ¢
is assuﬁ‘gd being eatisinicepalyrhenzgble meietyds usied/asg palymerizatie supgianceatheon of t he

under | ayer ﬁ&eﬁﬁdﬂw?&@ﬁmoﬁm.&bfaveraimusaehsant can be used in an

anount so t ent 1 n the underlayer coating formng
conposi ti orP 056"?" ¥ 05 to 50 nmass% or 3 to 40 mass% or 10 to
30 nass% [[0068] Thecursierlayaraoatingiorming compopition atibe psgaant iwantiaRFaior ni ng

conposi t i onedptain eaddittnab the AveRLhemioned pelhidaisle substance and

26 photopolymerization initiator, surfactants, sensitizers, amine compounds,
polymer compounds, antioxidants, heat polymerization inhibitors, surface
modifiers and defoamers, etc., if necessary.
[0066] 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 lauryl ether,
polyoxyethylene stearyl ether and polyoxyethylene oleyl ether, ete.,
polyoxyethylene alkyl aryl ether compounds such as polyoxyethylene octyl
phenol ether and polyoxyethylene nonyl phenol ether, etc.,

35 polyoxyethylene/polyoxypropylene block copolymer compounds, sorbitan fatty
acid ester compounds such as sorbitan monolaurate, sorbitan monopalmitate,
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20 [0076] The underl ayer coating form ng conposition of the present
invention is coated by a suitable coating nethod, for exanple, with a
spinner, a coater or the |like, onto a sem conductor substrate (for exanple
silicon/silicon dioxide coated substrate, silicon wafer substrate, silicon
nitride substrate, glass substrate, |ITO substrate, polyirnide substrate and
low-k material -coated substrate, etc.) to form 26 an applied coating. Then,
prior to Iight irradiation, a drying process can be perforned, if

necessary. n the u der | a 0, ntaining a
sol vent is ﬁ%’gﬁa"'f"f’ npge 9’3%@3?@%%& ‘gga b%gnabg% r8||g§{ésépﬁrdléaib'ﬁaﬂ 0076] The
dryi ng proctistearate sic., B#&Wﬂﬂ!ﬂ"ﬁ)ﬁom H%c%%’qﬁ'ég %‘3’ a hi gh

g S”Pﬁr?t lﬁre bln ﬂ@hy%ﬁ%@%u@ﬂ&ndd?léuﬁ’ﬂemmahyﬁm sorbnarbmoammtateJ? i;ggma(rj
more) capse LBy i g e EhBpolSRERRnd shATRR UBIALD) S ©
coati ng ha@cpo e asp "“q otes per f or med

(opoTheswEactards alpnchicadiugring Heseh S RERIoE B o8 AEBE
by for exanaFaoP@smgmswlmmaa(mamnfa&Oradcmmmlnm) tade newel0 m nutes on

a_hot pl at eyeHige: £90898, R (nalsRrReh] DERMBoRYNId dr ying at room
tenperature 'L\ %Jgpgﬁ gggﬁp'ﬁ erfornmed to
thgpappl i edC E%‘H{c?ﬁg Incpglraqe pame: [35814?&1%#:5%@3?%%8%& be used

wi t hout anySumiternaBiblintted), trade asmiet AGAH! GUARIHABH

phot opoly rregca@i g g2n stms oscmd SCANSESEIEE PRanufatirad by dsakifGlase

bl.e t db f
P b eoa Ll A Sanba g Blel, ﬂ%@%{"%“?%@ggw‘“%@go 700 nm 01
300 nmto 60bemical Cox L@x)aﬁﬁ@l eWheﬁéh?F it iweatm@déﬁﬂaﬂpu fdrmed with

an ul trahi géxdpis Ue T Massipartd G5 te2 fﬂass paitd/basetion t0Mingss m@s@fur e
nmer cury Ianasﬁ@w%aﬁ}?‘%ﬁ rcury lanp, a DEEP-WV | anp, a xenon short
a

arc la i'de |.anp,, a, YAG | aser exclJItl &Q(rhglarrp and
xenon f Fashl00GRPThessensitizgrs @,’@d}ﬁﬁséd "&ﬂ’qﬁff‘:’r‘aﬁﬁaﬁe Syl RUry lanp is
to used, i rplesiogdlyraerization Initiagdrtto dightwh The semsitizeenigeiude for@xampler om about 250
nmto ﬁSO n@'}d?r?ét %i;é;&’ﬁé'b% gﬁhggr@_&ga;pg3mg.§,@h{aﬁwé%g wavel(ﬁlngt)h
as peaks m a rim(N ne
bel ongi ng tBV'Tﬂ"thB%‘P%P& 'B’g?’éﬂ" gﬂ’GHFﬁ{%%}ﬁ r?uy% PINve 546 nm and 579
nm bel ongi ngprlex;iedé. mmmer;emomqﬁrtgamaﬁgswch 8% Aesin. gtodedyinThe | ght

| rradi ago ong r?ﬁ’#ésﬁﬁ ﬁuBPesE@h%H'r@éh Béng(‘aﬁfe't@ﬂ(éﬁﬁialzmmmpwndadueﬂ as from the

f za

b0l ynbri at éﬁ#ﬁ?ﬁ@ﬁ?i‘ﬁ@'&hﬂ?"fw 384:?‘5‘3?%5“6

pol ymeri zat
occurs. As laanzehliqwnqnﬂma ylhaibyitaner2-ane.on(3 "Eﬁ"hM“?GB‘thE Jng I's forned.

The resul tiygesadqpldniehyraidpheniipeduesne-oné etapttuyl 0i ty in a sol vent
i ycol 2° %ﬁ{?ﬂ‘aﬁ%ﬁ h&%?ﬁ?*c%ﬁ?’gﬂ”ﬁ%@%é a0 yool
nononet I ranhiiol1,8rdlihiazelee 24#(R-6 lme'ﬂﬁ Bh Y@rféz‘?i" aﬁber?ghret hyl et her,
propyl ene ghapheio[1,2-d}thiazole, etc. In addition, 2 4-d|phenyl-6-(p-
dimethylaminostyryl)-1,3,5-triazine, 2 4-diphenyl-8-(([2,3,6,7}tetrahydro-1H,5H-
benzo{ijjquinolidine-9-yl)-1-ethene-2-yl)-1,3,5-triazonenanthryl-
((2,3.6,7ltetrahydro-1H,5H-benzofijlquinolidine-8-yl)-1 -ethene-2-yhketone and
30 2 5-bis(p-dimethylaminocinnamylidene)cyclopentanone, 5,10,15,20- '
tetraphenylporphyrin, etc. can be mentioned. When the sensitizer s used, the
added amount is for example 0.1 to 20 mass parts based on 100 mass parts of
the polymerizable substance.
[0068] The amine compounds can be used i m order to prevent lowering in
35  sensitivity due to oxygen inhibition of the photopolymerization initiator. As the

amine compounds, several amine compounds such as aliphatic amine
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nmonomet hyl et her acetate, propylene glycol propyl ether acetate, toluene,
nmet hyl et hyl ketone, cycl ohexanone, ethyl 2-hydroxypropionate, ethyl 2- 25
hydr oxy- 2- met hyl pr opi onat e, ethyl ethoxy acetate, nethyl pynvate, ethyl

| actate, butyl lactate, and the |like. Therefore, an underlayer coating
formed by the undedayer coating form ng conposition of the present
invention do not intermx with the photoresist [0079] The underi ayer
coating form ng conposition of the present invention can 50 be applied on a

i duct havi | f_ ad i i di t f 1
or more, { oforaalfiiand 3 g arife 25g6indst i oy et Wf‘?’“‘i‘\%d' “the
under | ayer owine spHosRdisHpedotpAsded EWOBN@?RS%?'BE'&% R’n PP an be used
for fillingbidea diiGEmass parts of disppdlymeddabla substemceinder | ayer coating. bTheI

nder| ayer i ' L1 S &0l of rEfY S an be al so
55 appl?/ d @ﬁggj gﬁ%%%ﬁ%%ﬁ%%’f‘?%&%g%ﬂmhm hgfr a aggggtg' rati o of
"1 or m)ge aitansiation serfiigient ang light Q'EP&?‘?'P%PQPEQ%@{?' r?? ﬁ'ﬁ lﬁ‘dﬁﬂ?‘fe havi ng hol es
densel y andcoatiagfarmtedfeom thg: Undedsyer icoating)formiing chrmpositioneoftheiptesgel coat i ng
formng conpsitondNEaf et 686 of goibrcomppaRdRavifysbrizehe fig M ng a | at
and ¢ hi nly. SO AingeRzee T te IBRCARSAAY 9/533%%%9"%%%8@@@ osi 11 on
of the prestrArFexcimariaseo heamnifwaslength 183 8®).f Jp agdifienife rthavi ng

hol es ofoan ﬁséﬁﬁﬂy . éﬁﬂg haierid rigirentniacineningaann
unevZnness.uF bt herrﬁé}dtoﬁ‘gggﬁ?ﬁ §ﬂr:%ﬁ§ " ég m?fﬂ;:g%& p&?g npqggi ng no
unevenness q A% Increase 'r{@'@ @IP% U g& y'é’F coating rormed fromthe
under | ayer Edeexcimeriasaribsgmdyapelsnath @486M)i he present invention has a film
thi ckness ofoofey Astheolyenet @ompotitds? 86ralmolymer @0mpouridiitaving a weigh0 t o 800
nmon the Séve‘%f?g?‘?{?ﬂaf:@@é%@%ﬁwmpg‘gf‘d% lysBrdtaP batstt 3000 & for med on

t he undedayer . [, .8 m nate . structure,constituting of
an unde ay@ooggﬂlcﬁﬂgeé'ﬁﬂd !ﬁ"tb%ta&yég\"g@m] %kiﬂgd ?feéag‘@’ﬂ'@ﬁ(jﬁséct or
substrate. gdlgmeispmettasividte pelyfrersyadvdigk pblgmiersoslyrenstieimersanel y, by
appl ying a photouesi i T | Polyifide’ HvmgWenasteningyer coating,
and by heat’n %&#gﬁﬁ?ﬁ@?%?oﬁ@s%gﬁdr d oél;%%!tb% Sndgrl ayechoati ng of
the pr esent"qﬂﬂ‘y?i?qq}ﬂ‘qg m%@éf% gler F?Fns?meﬂg .-and any of negative type
and posi t i ie0T4jcEheppaiyroerconsncsinda axdsdenida tight ehsosbing: Ripartysthal 38| udes a
posiht LVWFYMdﬁg%IﬂF%ﬂé&fvﬁ@GQﬁg%tﬂ_ & usderyer afiphoiesdsistamthé, 2- i 0
napht hoqui ngne di.azi de sul.f.oni e . c'a"?ILW ed type
phot or esi sm’i}&ﬂfﬁw\’cﬁfﬂg‘?@t%”&m@‘@ﬁ a%fits F'b'%(ﬂ.'grﬁ g@glrjgg#g a m%%dr) havi ng a
group whi crused. d&he tpe oteuohipolymer campauadtican NI INGIeRSE 1N di ssol uti on
rate, a chejdreahhcaday arftiefledtive eoatinysof 6w dridedayaricobfings fofmedhfrom

ahich | S°L§B%§g é@hﬁ%ﬁﬂﬁﬁ%ﬁ%@@ﬁf}%ﬁfﬁﬁ%ﬁ%?2Sr'%?,;f Con rate
of the %ﬁmt[gp i Whenghe ﬁgbﬂ'r@glpq)rypound is used, the added amount is for examp
0.1 to 50 mass parts based on 100 mass parts of the polymerizable substance.
[0073] The underiayer coating forming composition of the present invention is
preferably used in a solution state in which each component (hereinafter referred
to as “solid content”) Is dissolved in a solvent. As the solvent, any solvents can
30 ‘pe used as far as the solvents can dissolve the solid contents to give a
homogeneous solution. The solvents include for example ethylene glycol
monomethy! ether, ethylene glycol monoethy! ether, methyl cellosolve acetate,
ethyl cellosolve acetate, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, propylene glycol, propylene giycol monomethyl sther,
8  propylene glycol monomethyl ether acetate, propylene glycol propyl ether
acetate, toluene, xylene, methyl ethyl ketone, cyclopentanone, cyclohexanone,



25 anplified photoresist consisting of a photoacid generator, a binder
havi ng a group which I's deconposed with an acid and increases the alkal

di ssolution rate, and a | ow nol ecul ar conmpound which is deconposed with an
acid and increases the alkali dissolution rate of the photoresist. For
exanpl e, trade nanme: APEX-E manufactured by Shipley Conpany, trade nane:
PAR710 manufactured by 30 Sumtono Chem cal Co., Ltd., and trade nane:
SEPR430 manufactured by Shin-Etsu Chemical Co., Ltd., and the |i ke can be

ment i oned. ubse | ed out through a

or edet or m nEhALNIToRa pRaate) e E PR iﬂﬁ%'*vﬁi%&e‘*’@ax*%?énﬂg e ’

(wavel engtheﬂfoxzmtatemthylmd@%mme-lraeté qgm@w shgtethyiutanpgte, and F2

exci mer | asefe mémwmmﬁehmmrmmma- | f necessary, a

post exposur t.t, ,lugg@ The post
ﬁ\ Sglggyte 89@[ -QUI iBﬁéte b

exposur e, bake EE n n erature
01)‘(p70ut 0 156 'Uta‘-’eéﬁﬂs %Ptﬂ@&ﬂ e,y g’ I@Ef% I '[r[r)le negt
phase, deveUiupntbylaodtammlardmmmwmﬂfohde asd Ngnathulpymdﬂdpee. etﬁorTlLesanpl e, in
fﬁsree"‘ng\elgle §?|9&ﬁ§h+s e g sBFR} éﬁ%b&binbgol?lgﬁ% or Rforé Ringb.opTRaNt 50: g::ﬂsi s
pat t ern. (Oﬁgﬁégﬁé‘"[}%gg\o@ﬂgmmﬁ%ﬂéﬁo él grﬁ@ﬁg?f]@"fg%?g?ag&am e al kal i ne
‘aqueous sol ate prafasatly ysath Mdurroihe boling ppihef the salvantiis lesethan thedr oxi de such
as |tOOt as8i ughGeheMidhRd ISesH i, Mevpsiigigiopof hitergb alfRuntefthe ssivard| gtl on of
uat er nar roxi de
?et r aet hyraﬁ%ﬁn‘h Rﬁwgg%ﬁewggﬁ@o #[@Wﬁﬁlﬂ% W&m% s sol ution
such as et PRUSES anilneass ipyiscasiyrnd alowgrian atarpheaf @"d?fowg’ Wj@
Addi ti onal | the bilingoirt of memtvehelsanhtedhammlabommhmmd uppleelimibrisli ti on in

whi ch devel g th 6t RAG sl ﬁvarkﬂ‘p'aﬁefﬁ#e%gﬁ&uaﬁ QR rRIERGYeR Ur €

t 00861
Then. CHe" ?@asmm qforging SRRRRIGN o) bP SeSR4GAY bgmegrmg@%t”” Fghiné
sem conduct salidsontent it the andertayedooating foyning corgpaditionpiaothsrfesexamplat t er n

for med as gl GOFLANPLF 15 48 nIRYEGH 1Yo SPREbEL.  The rermval of the

oncer e Lo pi S St e e MR s BBAR T opane

(C5F8), tripresentimrentiomis explainashh nonooxi de, argon, oxygen, nltrogen sul fur
hexaf | ugl i dpo78] TheGHdRMBYéraRtIng fdrmt@etbniposition of théepreﬁmi mvbhtlan ime

Format 1 on (PR papKpIERoeTh ‘19'?’ SR S Gd a BHE S T
on a semni cdikguentera arimieendactor SQBS i (far ‘P’F?“%R!%IP{?QSVF' licop ‘Q‘%@‘? ‘T"gct ive
coating | ayaibstrae, sitcdrowaedsiistate; sfioonmitriiecsubbivate; glasssubstratth&Qindeday er
PO 00 O SUBSEer Bamidd Y AR land Rl eriapldaRSd SuiRIERA LI 0 aPOST LT on
's not 2 ecaltn applled coating. Then,a[;]rgjor?g i{ghef\ 1rrascI" atlo% a drying process can be

performed, if necessary. When the underlayer coating forming composition

containing a solvent is used, it is preferable to perform a drying process.

'[0076] 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 150°C 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 100°C for 0.1 to 10 minutes on a hot plate. The

drying process can be also performed by alr-drying at room temperature (about
86 20-C),

[0077] Then, light irradiation is performed to the applied coating. For the light
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conpositions can be used. For exanple, an and-reflective coating can be
formed by coating an anti-reflective coating form ng conposition
conventionally 30 Used in the |ithography process with the conventi onal

met hod, for exanple, with a spinner or a coater, and baking. The
anti-reflective coating conposition includes for exanple one containing as
mai n conponents a |ight absorbing compound, a resin and a solvent, one
contai ning as nain conponents a resin haying a |ight absorbing group

t hrough che bond, a_crossl |nki e

cont ai ni ng ?gaq%on 2OLmEHOHE cany Pﬁ?&wﬁm B’?ﬁg l%% %ﬂﬁ@/@ﬁorﬁ% i nki ng
agent and atemm&nmﬂionedaplmimmﬂigﬂ%inﬁﬁtﬁaﬂdﬁpm% a polymer type
cr ossl i nki NgofeRadihGie folymeitiabixdslanoe prm@hturaaradommbeent and t he
i ke e anti-reflectiv t|

conponent,, Rerig %ht})’e'ﬁ's& t"gﬁ%ﬁ%o @%?ﬁgm%o y?‘g@@r'ﬂﬁ. agent or
the |ike? i fo7e2emsar300 mhdo BOGAM. aFSbEMie é@ﬂrﬁ&lﬁ Htcaﬁgg be used are
any conpoungsg rrmd\maadnum’ahlghws@meqnerbow |agha flagh wdammgm ve

char act erisb}ecsgmdﬁéﬁﬂﬁh?wéegb% ? ﬁl gﬁEgp_ gﬁ@ngnt in the
SR ki ke i 8fgtnas

napht hal ene and seeamitsh Iamph;te.cé?mexmnpbuauiuutahlghmfwuramn@uwmumds
triazinaoto,, éq'“ﬂ'?éﬂiéh%n vt FSfWﬁ&@anél@n tR Sriin f?&hladeumomtcﬁrs

iyimd t | I l
Pt t he '+ kB0 aikndding Brafhing spaciur b @%f%‘ i tERf e cal
bond i ncl ud@se esi, 887 hany BA3J nen, B3 hen (k=) 334mm and -ﬁlﬁ@ bﬁ!QﬂQ!!’!Qure such

as_ant hr acegpgyiraidlet regin Qﬁ& @wnﬁal(nanemaeﬁ rnna mmdmnmng

ui noxaline_rin r|n urt er rior to coating of
'?he under | a9§|P"§B%§9YF§'b%JPW P%r?g%% T the pr esgnt j;on. gn
anti - r efP ecf0078] Ib@ugmgraﬂiatwnfqause%thprf@m@a@ pheptionspagies aet h@ @ﬂ
seni conduct gomIbe phétapelymefALiiidh irfiliktorindies dpplied coatirig, agd therelydhby t he

under | ayer r !ﬂﬁﬁ&% L oolaﬁ Btdupd) may have
absor ption ﬁ&?ﬁ#ﬁ%}{oﬂ&l‘%gp& E%I?Bgéégésﬂgpg a?? ra I n such a case,
t he underi af8n rg ofite pameEzaliopqan,underiayerfoating s 18 d ®oreventive
ef fect towaregalting@ntiénsyer cedting tieedmby lovhie selubiity iataee,ol\tenau oras an
anti-regbect ﬁﬂmpﬁﬂ?@mw ot @Rhin g, pfhyleRe ghessent invention
can be used l?d&?rte %?Mrﬂﬁo& yg @ g?egvgné &&Z !; ﬁﬂgg& %ﬂ |%?ﬁé’§ﬁ‘en t he
substrate aﬂ’&"?'ﬁ@ﬂMﬂﬁﬁﬁ' gthytgelloglve, iRHYIeRg & it pr event s
an 25 adver prepgéfieglycolgpiopyiene uwcemmmwwmerwbsxlem @vep) the materi al
Uﬁed Lor t hﬁoﬁ&ﬁéﬂ&?&héﬁ ad&at@,&’pré !: e@ébeﬁtéqslmenet 0 LII ?Pt of
t he phot oresi er nts diffusion
of subst anc@?ﬁwlﬁtﬁgg@?‘weﬁ ﬁ%"%’fﬁ'@@ﬁd %glyg? g 'Ee)n%% @ﬁg\fﬁ (gnder heat i ng
to the #ppehydrexye-mstindrropionate, ethietiory acelate, "'!ﬁihl@ oyswsteghytiacipteer ¢ ne
present i nveu{iilactatel hhd B IS CThérefbré)amamderiayx aoplirgsfolmed byrthepr esent
I nvention | Endé%yér égahﬁﬁlfo%ﬁ{ge&%po@ﬁﬂ%\' ftR present invention do not intermix

with the photoresist.

[0079] The underiayer coating forming composition of the present invention can

30 pe 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

86  applied on a semiconductor substrate having holes of an aspect ratio of 1 or
morée densely and thinly (a substrate containing a part having holes densely and
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Example I 00911 In 25,87 g of propylene glycol nononethyl ether, 5 g of
phot opoi wneri zati on conpound: pentaerythritol tetranmethacrylate

(manuf actured by Signma-Aldrich Japan KK., trade name: FWB52), 0.25 g of a
phot opol yneri zation initiator: triphenyl sulfoniumtratuoronethane suifonate
(manuf actured by M dorl Kagaku Co., Ltd., trade nanme: TPS105) and 0.05 g of
a surfactant (manufactured by Daini ppon I nk and Chem cal s | ncor porat ed,
trade nane: Megafac R-30) worn added to prepare a solution of 17 mass%

orotiites B‘E‘“ﬁg‘%ﬁ%f&?t‘““‘“% Furfioh, o &“&e 3 '“i"‘%wﬁ&n%"?‘?'r o Spare a
sol uti on of©fdhe Bmﬂt'ﬁmoﬂt‘iﬁﬂpﬁ@sﬁ ?‘%51? ?féi"f‘? 'E&%‘qu@az [0092] In
25.87 g of wbsp';ieecrremlgblysm&h nalesaetgngdent tarsely dndghioty. a 10

EhOtSIOpOi y hdhf Hﬂﬂderrgaéféoéiih ¥ Forehin ﬂﬂémiﬁéam 8sdriranuf act ur ed
p%ot ogol yr n'BY? '53{'|°6ﬁ%ﬁrﬂ39ﬁalserf°f€??'ﬁﬁ§'ﬁ§ﬂ°¥% gﬁﬂg ﬁfe??’fg?a%?%%ﬂ?ane

suf f onat e (lesstiaact, endd seidanductor kavingwnegennesst dFurtherdtieankasedrps105) and
I0 05 g Oftaelwfar%@eaﬂéorbﬁ&wﬁé\ﬁﬁ ¢'h& dndenRBsdanBe likek and Cheni cal s Lt
ncor pora I e ne e a solution
of 17 mass%?g‘blﬁl? Mpgﬁr%ﬁﬁﬁﬁﬁﬁ%{ﬁ% th %er{% ggﬁga&@q ﬁ{@gﬁ was filtered
through a reommesitiontod therpraesninvealiarthas a Eimsthisknesse! forespmpla 20t 0.2 p, M
to pr epwre@oeqiml,tdrmteﬁowmndemiwomahumsdrtacmong substmtel tion. Exanple

3 20 [0093] 0, @,0f a
(manufactu 0.50 g of a
phot opol y mafomxeﬂ oroa senidmdﬂctor substrafee nYhe phétomsmstfomedjw tbm“ne

suf f onat e (rH%H diGr@aikt cdmpositih@olutibh 8 thgme: TP8105) and
5025 %rséa@man@ﬂ%%@%% Bl o
17 mass% ( wldedaxemnoam Qfdhﬂ:pnesenttmm)lon Tt spegitcaliy limtted RnddyYrof | t er ed
through a rﬁe‘Péﬁ\/ef 8hd pBSiav Pe photidiitess bausaly Thaphetosésist of 0.2 pmto
prepare a Snclude'soanpgsfmv% ghotoregls{ oo%%?stuhag:f;%\'?alglgre%ﬂrmﬂﬂ bion. Exanple 4
naphthoquinone diazide sulfonic acld ester, a chemically-amplified type
20 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
photoacid generator, and a low molecular compound which is decomposed with
an acid and increases the alkali dissolution rate of the photoresist, a chemically-
26 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 acid and increases
the alkall 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., Lid., and the like can be mentioned.
[0083] Subsequently, exposure to light is carried out through a predetermined
mask. For the exposure to light, KrFF excimer laser (wavelength of 248 nm), ArF
excimer laser (wavelength of 193 nm), and F2 excimer laser beam (wavelength
36 157 nm), may be used. [f necessary, a post exposure bake may be performed
after being exposed to light. The post exposure bake is conducted by suitably
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(00941 In 25.87 g of propylene glycol nononethyl ether, 5 g of a

phot opol yneri zati on conpound: pentaerythiitot trinethacrytate (manufactured
by Sigma-Aldrich Japan K K., trade name: FW282), 0.25 g of a

phot opol yneri zation initiator triphen)clsuifoniumtrMioronethane sul fonate
86 (manufactured by Mdori Kagaku Co., Ltd., trade name: TPS105) and 0.05 g
of a surfactant (manufactured by Daini ppon I nk and Chem cal s | ncor porat ed,

trade name: Megafac R40) were added to prepare a solution of 17 mass%

I oro 1111 cPohalii i beryis RypeldTR s r I 0 M o Y 048 U0 T

sol ution of 1@mnipweaer | ayer coating form ng conposition. 5 Exanple 5 [0095]
In 25.87 g qfosa] iPHk@agt tHake Qdevelapaisat iB)tarriiditax by Bsigg afdeseloper.  For

hot I I t
(manut acyur Sanecha88 g podhafles phoisret 6 Tic %@déjbﬂ}ﬁgﬂ’ V255 of
phot opol yr nEFSURB N r@mqvmqﬁegp@?ed RQﬂ oftaphaieresista ingof,BheY

sui fonate i pati@muf actured by M dorl Kagaku Co., Ltd., trade name: TP8105)

and 0.05 g gés%;?gé B&%ﬂ@d&{é r@%& éﬁ?hdg)fm[? waaann@kaqaadu@em cal s
| ncor por at e € na are a.solution of
17 rrags%(sﬁPFBP'b%ﬁt'@HtaqHB?H,sg;ﬂ Waég'w T R S

t hrough a mnhydroxifie, sodiunmrbytiroxide potl'lpdlkh.)dqyaeumm A gpatematy ze of 0.2 pmto

pr epar e1a. s ghificnflin Ajcr8Rd SR beteRanfeRMdnitoia Ty osi ti on. Exampl e 6

I

( manuf act ur agletipnclamine, prapatam emenllamme acibe fikere 0.259 of a 20
phot opol y megifatdrcdribed aedearintuﬁe abridpes Ul THadonditibh irf whiok onret hane sul f onat e

fact 0. 059 of
gamgzlrjf Zcéé:] ﬁﬁ% ggﬂ?ﬁgﬁiﬁ fﬁﬁ’m" g&tﬁdni ge%ﬁg%tu({éw?cor p(;%r at ed, °
trade n Qf@é%?%ﬂ@%ﬁé@@d“@!*@ﬁare a solution of 17 mass%
(solid Contwsp'ﬂm\etﬂdmmwal)oftﬁ'émﬁdeﬂaw coating amdhproesesding ofthed t hr ough a

mero f11t eermBoiitf Sibfiy 8 e{%.ﬁuaea BYiBgind Bhctoftsie paferd fimedn 0
prepare 4 Sgs rl#elntloned above %Q ae;{rotegtlvre é:o% ng eOrEamov o%%\rrepunderllayer is

conducted through dry etching by use of a gas such as tetrafluoromethane (CF.),

20 perfluorocyclobutane (C4Fs), perfluoropropane (CsFe), trifluoromethane, carbon
monooxide, argon, oxygen, nitrogen, sulfur hexafluoride, difluoromethane,
nitrogen trifluoride, and chlorine trifluoride, efc. The removal of the underlayer
coating leads to the formation of a pattemn consisting of an underlayer coating
and a photoresist on a semiconductor substrate.

26 [0087] In addition, an anti-reflective coating layer can be formed before forming
a photoresist on the underlayer coating of the present invention. The anti-
reflective coating composition is not specifically lirited, 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 ysed 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 agent and

36 a solvent, one containing as main components a light absorbing compound, a
crosslinking agent and a solvent, and one containing as main components a
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Exanple 7 [00971 In 25.87 g of propylene glycol nononethyl ether, 5g of a
phot opol yneri zati on conpound: pentaerythritol tetraglycidyl ether 20

(manuf actured by Nagase Chentex Corporation, trade nanme: EX411), 0.259 of a
phot opol yneri zafion Initiator. triphenylsulfoniumtrifiuoronethane

sul fonate (manufactured by Mori Kagaku Co., Ltd., trade nane: TPS105) and
0.05 g of a surfactant (manufactured by Dai ni ppon ink and Chem cal s

| ncor porated, trade nanme: Megafao R-30) mere added to prepare a sol ution of

17 % filt d
Chrougn s itrlerod Bidh el Ui £ vt abSBing pRDeRY s adoliehe 1)1 B
to prepare ankHelike. Jrﬁ‘ecﬁ““d'ﬁﬂe‘iﬁ'MGQW &P P%@W&Bﬂéﬁﬁa osi tion.
Exanpl e 8 Oﬁﬁﬂionbnt %Ea&iﬂgpmfatmm;ﬂoaam glrl)enwgyrmntmlhmmweré.tméhe 5 g of a
phot opol YT NG # Akl z‘%g& HIpBGhES Y EdiFie skA. a4e5n
a
e (o8

P oY B S eemundel ‘fa“'gﬁfj%r L Sl Jﬁ”?ﬁ?% ator
tri phenyl suvdvelength tegidn of shepkatbsensitive compenent imtha phateresist arayided don Kagaku
g Ltd. térﬁﬂ@ #ﬁﬁﬁ@ﬂecﬁ’@é@ﬁh gaant iﬂclﬂ?@f@%xﬁnpwﬁeazmoﬁer?g gf gcg 3 ; e\dve Pg 0
addgdpfgnplr%ﬂﬁoé' %na«%tﬁg%ol%?&@b&% Sg/ﬂ, %&c')‘ig&gﬁcon onc entration).
Then, the s¥MpOUBAS mrmneecmpqunﬁwgmramwwe fs. %f pol yet hyl ene
having ¥ poipotihds, «dl the RkedMThe resinpinciada psiyesteisppolpiides, under | ayer
coating forgng QuPRSidIkIORsinG FlRcRtals, acrylic polymers, and the like. The
resins having a light absorbing group through chemical bond include resins
having a light abseorbing aromatic ring structure such as anthracene ring,
naphthalene ring, benzene ring, quinoline ring, quinoxaline ring or thiazole ring.
16 [0088] Further, prior to coating of the underlayer coating forming composition of
the present invention, an anti-reflective coating or a flattening coating can be
formed on a semiconductor substrate.
[0089] 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 underlayer 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
26 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  [0090] Hereinaiter, the present invention will be described based on examples
but the present invention is not limited thereto.
Examples
Example 1
[0091] In 25.87 g of propylene glycol monomethyi ether, 5g of a
35 photopolymerization compound: pentaerythritol tetramethacrylate (manufactured
by Sigma-Aldrich Japan K.K., trade name: FW352), 0.25 g ofa
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[0099] in 25.879 of ethyl lactate, 5g of a photopol ynerizati on conpound:

3, 4- epoxycycl ohexyl net hy14, 4- epoxycycl ohexane carboxyl ate (manufactured by
Dal cel Chemi cal Industries Ltd., trade name: Ceroxide2021), 0.25 g of a
phot opol yneri zation Initiator: 2-methyl-1-(4-nethylthl opheny9-2-
nmonahol i nopr opane- 1- one (manufactured by Chiba Specialty Chem cals, trade
20 nane: Irgacure907) and 0.059 of a surfactant (nmanufactured by Dai ni ppon
I nk and Chem cal s Incorporated trade nane: Megafac R-30) were added to

L T R AL ok S,
SO MOAL- (R A MR e S
conposi ti onsurﬁct&ﬁ@lmahﬁaaﬂrmnlbmmmk&bdQMIGB}S:IDOQW@M]éfadEG. 61 g of
3, epoxy oy R o T o qganu act u ec
by Dal o6 CHERRLEThcoPeRIalPL Thed the Eofin e Diered Aol e Blts ﬁ@?d 6 g of

di ((3-ethyl mdepépalmqthwenapayieg B @oreaEizg off)-Zumtopaanare agalutige plard by

Toagosel Coundéga ercda'tﬁglb onthesftiéd) . 008 g of a photopol ynerization
initiator: éﬁa -1-(4- et hyI t hl ophenyO- 2- nor phol i nopr opane- 1- one
(manuf act ur

i ba ggwm alty Chem cals, trade narre I rgactire907) and
.1 g of a 9P '@tZﬂ'WQ oprleneiglyen! syonometivhper Brkoi#hd Cheni cal s

| ncor pol@t ephotépdigifeaiion chiapairat: bis(48ycidpoxyphenindthaney epare a sol ution of

17 % t A |t d
Lhrough & nﬁ"&ér"of?&%mm@“&wﬁ"ﬁ Jh@ﬁ'ﬁ"eﬁéﬁ%‘ﬁﬁﬁe i‘%ﬁ"t 2.2 %fé'f 0.2 pm
to prepare Bholepalymerizagen H?'F'ﬁ'i‘?fd BHWWFQ&‘F‘E?'%?% 8§ %ion. [0101]
2115 CO O{nfandfadtired b((MldorEKagaldue'Jdl,lLtd frad® aamenT2%105) agd 6105 g of a

cycl Ohexanoérfal a%‘f"gﬁ &Ereatﬂg%anﬁi :ﬁhﬁanamieﬁm%ymeaﬂpéﬁkwmeenpounds 59

of 34-e ;'i‘ cI ane

( manuf actur%%"%ﬁ?%‘%‘dg‘é%ﬁeﬁ%? q%&ﬁﬂ% @ﬁ( frﬁla %%gé“ger odde2021)
and f5 gt of qﬁx&MpbnMaﬁm)hyﬂ'hemyhe)sqluﬂngasﬁmchﬂ?@q%';ﬂ“ﬂg f3:tl) f

manuf act ur of a

phot opol yne aaé(tm:ron | énﬁavm rloseéz%/‘lssulz#gﬁiam@?-ﬂ urolgrrgt hIgne

sul f onat e ( P‘é&ﬁ% tﬂ'f" &85‘%58% Ltd., trade nane: 'I1PS105) and
0.10 g of Exampladt ant (nmanufactured by Dal ni ppon I nk and Chenmical s

| ncor po2tat g (g)rlﬁ(iﬁr 1024Y8E prpyaenaglycy Borioriethyhdther 5tg)of|ca epare a sol ution of

Lo oach o e r%ilﬁiggﬁgwr{daPfsgﬁ%nql-xﬁﬁaﬂoWe ailydidyests i1 tered

{(manufactured by Sigma-AIdrich Japan K., trade name 457), 0.50 g of a
photopolymerization initiator: triphenyisulfonium trifluoromethane sulfonate
(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: 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 um to prepare a solution of an
underiayer coating forming composition.

30 Example 4
[0094] In 25.87 g of propylene glycol monomethyl ether, 5 g of a
photopolymerization compound: pentaerythritol trimethacrylate (manufactured
by Sigma-Aldrich Japan K K., trade name: FW282), 0.25 g of a
photopolymerization initiator: triphenylsulfonium trifluoromethane sulfonate

35 (manufactured by Midori Kagaku Co., Ltd., trade name: TP$105) and 0.05 g of a
surfactant (manufactured by Dainippon Ink and Chemicals Incorporated, trade
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pore size of 0.2 pmto prepare a solution of an underlayer coating formng
conposition. Synthesis Exanple 1 [0103] In 216 g of ethyl lactate, 30.0 g
of glycidytmethacrylate (nmanufactured by 20 Tokyo Kase! Kogyo Co., Ltd,)
and 24.1 g of methyl methacrylate were dissolved, and nitrogen was fl owed
in the solution for 30 mnutes, the solution was then heated up to 70C
Wi | e keeping the reaction solution at 70C, 1.629 of azobl sisobutyronitrile
and 1,62 g of l1l4odecane thiol were added to the reaction solution. After

stirring thg,gol Mé%aﬂgc ﬁt-aoﬁgré dié% @Cﬁﬂéﬁar& B%gl;ﬂaﬁ bf PARBs<R (sdgosphere, 0.1
g of 4-met hoxyphen was ed 1o obtal,n a sglution contalni Plg%_a copol ymer
of glycidyl F@F&K@th@ha'i‘)d fBemthegelHtion ywas, .reél'ﬁéc"@g‘tadri"f?é%' pol yner was
anal yzed bym@i€ofptliethylens bavitgea pordsize ofb2 agetoppépere Asolulien ghan (Vn) of t he

copol yner vgsy oogﬂggf 'd@edloﬂtHosﬁi‘éﬁf age nol ecul ar weight (MN (In terns
of standard cﬁﬁ?g&yr ene dc?)I?"the copolymer was 30 12000. Synthesis Exanple
2 [0104] In ,'8 of ethyl lactate, 15.0 g of glycidyinethacrylate

( manuf act ur [§895bin 25687/@ okpropylen@glyeol Gionomethyl ptheg S1of &f benzyl met hacryl at e

gd S. 9|8 g ﬂfotépdwﬁfﬁﬁhaﬁ ESMpouRf: Biﬁﬁﬁdﬁﬂeglfde?ﬂufemhm&yme Osaka O{ ﬂani c
so ut on 1 ofeaaciirtd bk SREARER SacIC odd B RS, d28URF' O 1C
keepi ng t hephaseralyragrizetion initigteratripherpdguifopiuntriuesemgthane SYERNR yronitril e
was add¥d t@ndnotacirad by MiderbKagekarCo. At e tradé hamesTTPS105) and 0t05qnofat  70C f or
8 hours undgr-Bizhf GRS BY HenipFontink aRtll Chemicals Incomporated, 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 um to prepare a solution of an
16 underlayer coating forming composition.
Example 6
[0096] In 25.87 g of propylene glycol monomethyl ether, 5 g of a
photopolymerization compound: poly(propyleneglycol)diglycidyl ether
(manufactured by Sigma-Aldrich Japan K.K., trade name: FW150), 0.25 g of a
20 photopolymerization 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 17 mass% (solid
content concentration). Then, the solution was filtered through a micro filter
26 made of polyethylene having a pore size of 0.2 um to prepare a solution of an
underlayer coating forming composition.
Example 7
[0097] In 25.87 g of propylene glycol monomethyl ether, 6 g of a
photopolymerization-compound: pentaerythritol tetraglycidyl ether
80  (manufactured by Nagase Chemtex Corporation, trade name: EX411), 0.25 g of
a photopolymerization initiator: triphenylsulfonium trifluoromethane sulfonate
(manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and 0.05 9 ofa
surfactant (manufactured by Dainippon ink and Chemicals Incorporated, trade
name: Megafac R-30) were added to prepare a solution of 17 mass% (solid
85 content concentration). Then, the solution was filtered through a micro filter
made of polyethylene having a pore size of 0.2 um to prepare a solution of an
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met hoxyphenol was added to obtain a solution containing a copol yner of

gl yci dyl net hacryl ate, benzyl net haoryl ate and rbutyrol act one net haoryl at e.
The obt ai ned copol yner was anal yzed by GPC net hod, and the nunber 10
average nol ecul ar wei ght (M) of the copol yner was 0000, and the wei ght
average nol ecul ar weight (Mee) (in terns of standard pol ystyrene) of the
copol yner was 16000. Exanple 12 [01051 In 55.4 g of ethyl |actate, 509 of
t he solution containing a copol yner of glycidyl nethacrylate and

esis Exanple 1 (solid content

net hyl net hacr‘yl te obtai Ped.i n ntB
concent r at i YRoersyeHEgating rag ROSPABt opol yreri zation initiator

tri phenyi suEkampler8 tri f | uor onet hane sul tanate (manufactured by M dod Kagaku
Co., Ltd., tgogd}elm_ @Pﬁ%@?&né\gp}c&nﬁlﬁ&m&hweﬂnnfsagbmt (manuf actured by
n

Dai ni ppon i nk .anhd Chem.ca .30, 2a sMegafac R-30) were 20
added to prBﬁ%‘?%gg"gm??ﬁmBPﬁ%gé'@éc&?%%‘ﬁ%gﬁ@%m%f ncentration).
Then, th& sepaxycypiohexsne carbexdatemanwgatugedhyciaiceliGhegicalingiisEies ol yet hyl ene
havi ng a poL®.,3/ad8 naned Cérgxite2021y, 6126/gcofa shotapolymerizbtiaminitintdedayer coat i ng

form ng comhaRbhviQlirontmtifldiotilnt Yorldie Ararhtébtdbd By Mol Régake. 60 g of

th luti t

bonzy! ot haGPy ik drasiecamsipg0a s L0s Bk aeifpdlens GHALTERBE W s nt nesi s

Exanpl e 2 (Bainippon ik st Chamicalstinedrparated 2Badigame MepajawiR-34) were

Phot 0polyesdied b Beddi bIsBluibn bf 1 PRSI BIIRBNIeR Edricehtgich e sul f onat e
ol th B

fact . ., Lt trad - TP d 0.059 of
grrgngu?? ag'zﬁ'ﬁts" m%ral,ﬁ!tﬁpg rlgyg(:%glrﬂplig i ﬁ“ﬁ&eﬁ‘rﬁﬁaﬂ%"iﬁ '?qggr por at ed,o

trade nane: pdvbgikaf ORI toprapasaidediution pfrarpunderiayer soatindiemBiNg10 mass%

(solid contgpppdstivpentration). Then, the solution was filtered through a

m cro filteé maﬂe of pol yethyl ene having a pore size of 0.2 pmto prepare a

sol ution_ of ﬁaerl ayer coating form'g% f?;@ osition, 35 Ex le 14 pi 071
p

I(n 95]; 4% olooii;mlzﬂﬂcghaggvlj;g?eoﬁ geha m’%ﬂ"@@mm;:w 4n FHPE |
manuf act ur wycidteRfineliyeBlacaoxybyitiuhie m'ugEcdrb Jate (mamspctu to formul a
bhot bpot ym ?b%ﬁ'ﬁeﬁ**?aﬁ?&‘#‘%ﬁ#ﬁ“{‘??%# Q@?ﬁ?ﬁ@ﬁ?"@?ﬂgﬁ 8 et hane

phot opol yrrer? I Ni_ (
sul fonat e (Pheterchrperizationipititeragimety:d y'ﬁ\"?}’. P“Vlﬁ'gﬁe nane: TPS105) and
0.05 g of ametphblvidprapane-1-one (manufactured by Chiba Specialty Chemicals, trade

20 pame: 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

" [0100] In 26.61 g of cyclohexanone, 26.61 g of ethyl lactate,

photopolymerization compounds: 5 g of 3,4-epoxycyclohexylmethyl-3,4-
epaxycyclohexane carboxylate (manufactured by Dalcel Chemical Industries
Ltd., trade name: Ceroxide2021) and 5 g of di((3-ethyl-3-oxetanyl)methyl)ether

30 (formula (41), manufactured by Toagosel Co., Ltd., trade name: OXT221), 0.8 g
of a photopolymerization initiator: 2-methyl-1-(4-methylthiophenyl)-2-
morpholinopropane-1-one (manufactured by Chiba Specialty Chemicals, trade
name: Irgacure807) and 0.1 g of a surfactant (manufactured by Dainippon Ink
and Chemicals Incorporated, trade name: Megafac R-30) were added to prepare

35 g 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 um
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5 (manufactured by Dal ni ppon I nk and Chem cal s I ncorporated, trade nane:
Megaf ac R40) were added to prepare a solufion of 10 mass% (solid content
concentration). Then, the solution was filtered through a mcro filter nade
of pol yethyl ene having a pore size of 0.2 gril to prepare a solution of an
under| ayer coating form ng conposition. Exanple 15 [0107] In 95.4 g of
ethyl lactate, 109 of an epoxy novol ak resin DENA38 (nmanufactured by Dow
Chem cal Japan Limted, corresponding to formula (33)) (solid content
concentration: 100.0%,. 0. 509 of hot qQpol.yneri zati gn. initiator:
tri phenyl sultRJRPERA $ 'lﬂﬁ%(ﬁ&ﬁé’ﬂﬂs'?f"é@éﬁ?ﬁﬁ'ﬂﬁ’&"?%ﬁﬁé%@Phr ed by M dorl
Kagaku 16 CH1011td., trade name: TPS105) and 0.05 g of a surfactant
(manuf act ur ed bé Dai ni ppon_I nk and Chem cal s | ncorporated, trade nane:
Megaf ac R40) we eHadded t o© f@pare a solution of 10 mass% (solid content
concentratio not ution was filtered through a micro fitter nmade
of pol yet hyl éne haﬂé ng p§,P si Z#13f 0.2 orri to prepare a solution of an
urxl erl ayer &z ing formng conposition. Exanple 18 (01091 In 95.4 g of
et hyl | act age, %‘8 q of a bromated epoxy novol ak resi n BREN304 (nanufactured
R ao Ltd., correspondi a (39)) (solid content

Egnyiagfgét :(%pzllwe.ﬁﬁ/b g otmmemoa'ep%%ﬁggcﬂt@ﬂ’mﬂw 'on 26 initiator:
':( ri pEemC/:I0 S ubliombalvmélrlidﬂbu@bmpemﬁdsn& gmiBf@mc{qhhleu@thy:-&& by M dori
( ﬁgﬁu? act ur %%:f:%/wc&rlrel%lgge éﬁﬁ){fﬂé&@%ﬁﬁ&faﬁﬂ%@&cﬁ?&% r'ngﬂ d@tb?'gge namne:
Megaf ac Ra4oktd F@e&am?d&ﬂf’ Bgﬂ@"gl%e%f’ﬁ?fﬁwl'@? "10 nmass% (sol i d. content
concent r at i ethylheSaymetimd)oxetane (formuia ¢ )i mapyfeetutad by gagesstCondt9i | ter made
N under | Sy e B o o ot i pehot or 081 St
S0l vent L GenoryouBrunr N GRweERE e (rhaidtel 8) Mat Kagaktl 0 O) 55
obt ai ned | nCa5LEkdrasletame: JPE106)ansd 3 g aﬁ”@@ﬁﬂﬂg}ﬂm& strates
(silicon wapghippbh ik @icShetialteitsparhted, tadamane: MegaferRid0pwere to form
appl i ed coaéd&,gﬁo pt'ébare 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 pm to prepare a solution of an underlayer coating forming
composition.
Synthesis Example 1
[0103] In 216 g of ethyl lactate, 30.0 g of glycidyimethacrylate (manufactured by
20 Tokyo Kasei Kogyo Co., Ltd.) and 24.1 g of methyl methacrylate were dissolved,
and nitrogen was flowed in the soiution for 30 minutes, the solution was then
heated up to 70°C. While keeping the reaction solution at 70°C, 1.62 g of
azobisisobutyronitrile and 1.62 g of 1-dodecane thiol were added to the reaction
solution. After stirring the solution at 70°C for 8 hours under nitrogen
26 atmosphere, 0.1 g of 4-methoxyphenol was added to obtain a solution
containing a copolymer of glycidylmethacrylate 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
80 12000.
Synthesis Example 2

[0104] In 109.5 g of ethyl lactate, 15.0 g of glycidyimethacrylate (manufactured
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order to renove the solvent and dry, the substrates were heated at 100C for
1 mnute on a hot plate. Then, the applied coatings were irradiated with an
ul trahi gh pressure nmercury |anp (manufactured by Ushio Inc., type

U S5011M KY, output: 500W for 3 minutes under a condition in which whole 5
wavel ength of the lanmp is Irradiated at 6.0 mW (an exposure val ue of 1080
reNcn2) to formunderlayer coatings (filmthickness 600 nm. The undedayer
coatings were dipped in ethyl lactate and propyl ene glycol nononethyl ether

bei ng sol vents used for ho or as, a it nfirnmed that

Phe Cesul 11 b ToYRKaca KetR G R0 ﬁ?s:fﬁ%glﬁ‘sﬁa% Wﬁfgﬁi‘g’%séﬁms. 10 PM

In additi onbutymmﬂelmahasrylate (mveohexfechiyred by Osakagrgap ipdstyi ons

Coi i con 'WQPE? %?fsfé‘?%& ;:ggﬂj%g%%%gﬂ“%?%%“%“mﬁ@?*?? form
lied $9 wq%thgp ted Up lle th% e %g&f | b

%Pel (haea‘%gg?@fﬁ&%maqquz@imommlawﬁaﬁdiﬁdd?@ge reaelipn Q%'%Spfs"ﬁ%rzt (r:g;'? |S ngs

tehi o 1o o ”‘be‘“eé*"“%'i %534“”“@”9;;’5;;’"@553‘;&?9%“3%‘@%; O ndor o e ™

condi t on-’ l 2R °|f' § % glato at 6.0 nW(an

expolsulr e v:'amlmdxdmeﬂmwla#e enzylmefhachiain gad i O%Qﬁ mgLacy ?"}?n t hi ckness(

600 nm . Thﬁxélémaméu%upds mﬁawmmmy@mmﬂm anth$He hurchart e and

propyl epe 941\)%?% Iﬁﬁ ofﬁ\% ?h gg@@ ﬁe{,@fghphot oresists,

and as a res t g Q%Wunﬁf?']ﬁﬁ er coatings

wer e i nsol Lm(e@agefmpleeglér\yenbmw ('“ﬁSE'E'S hot or esi st

(0112] The cnplolymevmsotbooo.derl ayer coating fanning conpositions obtained in
25 Exanmpl esgyly were coated on silicon wafer substrates by neans of a

ik BRI b A e

pl ate. ergycl a Ty andh aery g

gL teSﬁ ;Jr e slicﬁdorltamoﬁéamﬁmmmd) D)50Up K PpHatepalyrherfatioh Mitkidr] &”a \rf\efl .
T St ) N g o

of the |a

f or m undeddy®r Lido dxaidagamer TPﬁﬂ@ﬂQﬂdrfé@%Q@ﬁésHﬁ? 'lﬁ(méﬁ Y ayer coating
was coat ed Baﬁipﬁﬁﬁlrﬂda’ﬁd'@he’ir\i@@lhﬁﬁoﬁpqﬁﬁl@ddrawmesuegafanﬂ-@ﬁhwefeactur ed by

Shi pl ey t?étﬁ'h coat ed

waf ers %A%??gg%ﬁgéft%hb%g%gmoﬁﬁn@'ﬁé#%(gmggé nfént &)H%Ph fﬁg‘r%nexposure of
t he phot or éb¢§9|§t|@'bwﬁ$5%@"“&5@@9@%&%’&{@9%%@ 490C for 1.6
m nute. Af tpaire Size ¥ 012 yirg té prepatecd soletiorsdfsan udderlaydmoatlng fomegs of the
tnderiayer £ \E\]ﬂfo’s E was neasured and it was confirnmed that no interm xing
occurred bet en t e underl ayer coatings forned fromthe sol utions of
Exanpl es 1 @ A%d the phot oresi sts. [0113] The sol uti ons of undedayer
coat i ng?t ar[nimj In &6 oft ety daatite 25he of the solution containing a copolymer of

glycidylmethacrylate, benzylmethacrylate and y-butyrotactone methacrylate
obtained in Synthesis Example 2 (solid content concentration: 20.0%), 0.50 g of
a photopolymerization initiator: triphenylsulfonium trifluoromethane sulfonate
(manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and 0.05gofa
80  surfactant (manufactured by Dainippon Ink and Chemicals Incorporated, trade
name: Megafac R-30) were added fo 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 um to prepare a solution of an
underiayer coating forming composition.
36 Example 14
[0107] In 95.4 g of ethyi lactate, 10 g of an alicyclic solid epoxy resin EHPE
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5 Exanples 12 to 16 were coated on silicon wafer substrates by nmeans of a
spi nner, respectively, to formapplied coatings. In order to renove the
solvent and dry, the substrates were heated at 100C for 1 mnute on a hot
pl ate. Then, the applied coatings were irradiated with an ultrahigh
pressure nercury |lanp (manufactured by Ushio Inc., type ULS-50111v1lKY,

out put; 600W for 3 mnutes to under a condition in which whole wavel ength
of the lanmp Is Irradiated at 6.0 nVV(an exposure val ue of 1080 mliana) to

form under | | r dayer
coati ng ms%ﬁg@qﬁ%@%dy% 46 ‘éﬂef‘h aval Féﬁgg&ﬁhoﬁ%?%ogas s?ﬁ? utton
(manuf act ur EP)bipoksh P%t@}tcgﬂﬁﬁiwmtmﬁdbﬁ)nﬁﬁﬂgqfﬁ olypnerigai of a
spi nner. Thanitiatat mnwwﬁnwthamemaaé sﬂlfbﬁafwcm&ufadmwbpmldﬁn a hot

plate. Aftekq Q%aﬁ{éo g&g&%dqg bﬂQE exposur e bake was
perforneg a @%:gp? Art evel 0 gotoreasts t he
filmthi ckn ?Ctﬁ"ﬁ’g 'Pa%lnk@aaﬁhﬁg@@'g e @S?dg A8 was confirmed
that no i nt degafeciRy3@oeenerasidet ti preparstansolutivdert A ywass¥o@olichgséndr med from

tF Ihgtfglnﬂl Igoe&meﬁ Ipfer?l&:etw&ﬁnmfmer}gm%g ng&.fosrmeﬁﬂaa’eafs |O; Jor
coating for E@}@h@@ﬁ% g\f'WB ttn%a 0&%‘? 8§°h‘“ ngén ﬁ%qeigggat ed on
silicon di osealieg fEwim mmsjﬁtmubstrat es having holes (dianmeter: 0.18 pm
depth: 190 pgamply 168ans of a spinner, respectively. The used substrates

he shown | Eﬁ’ﬁs@ 3649 &"'@%"aﬁg%ﬁgﬁ P il ear heRab o °0 01 10 PP e
center of alMasuiactused Ry Caemisal Japan Limitedeprresepading tg fopaulgi(3®: as | ong
as the di anfsokd ccm’tetttfwnwltmOﬁ)elmm%!)amﬁergbﬂasplmtcnmlylmrizaﬁomimtnatori he

di st ance frfﬂgﬁérpﬁuﬁ'sﬁ'lhﬁr amgmaﬁ r}rﬁﬁe &g}{‘ﬁ %d ﬁ hole is
onetl as ter 0 hol e the holes is
1.0 gm and ??re'-@r-é’%gﬁ §35‘§ df.9%9 Gk spEactant T“ﬁnﬁé F‘ﬁt&’ remove the
sol vent andDainippon hﬂxandlﬁhembds Imrpnrated.ttmﬂeatanmmgatacﬁ-%)weltee on a hot

B'r gtsgi” lherhdéi&?% Riplates sSﬂ?%r?: tBQﬁ) H‘Iﬁéé% Kécﬂié@bﬁtbﬁﬁcdﬂobﬁhﬁi&n | t@%hlbg?lM KY.
out put : n%ﬁ@?ﬁrgé Héhag“‘i'érfgsrtmﬁ# fwrzpq}*ﬁtum %ﬁ?ﬁv@%vel engt h of

t he Iarrp |qu|’¢ SEGP&Q&W&@ prepara\a/selutipreofppdmderiayer geatisyg fowgod ncl/cnR) to
f or m urifedays@ipogishi Nngs. The thickness of coati ng thereof was 0.60 gm at
t he open arga where hol e pattern is not present in the vicinity. The
flattening Ta g@the undertayer coatings was assessed by observing the

sect i onal f[B10RldR 98 H@ ofipthyl lagiate, 10 ¢ rf abearaated AROXYNOYPIAKFESA cr oscope (SEM).
5 (01161 TIBRENGO4 (nembifartured by mbmma(ayeaamng.td pwnesgowmng)msfonnmas obt ai ned

in Exarrpl e n° ) substrates
havi ng 3 3 é)ﬁgéoﬂ nt\éﬁf%@gﬁﬁ'&fq li]odd; b g'gﬂgtob Spi nner,
respect vel“y %é"mheewsetﬂsym Qrofpst &'Sﬁﬁﬁgpf' ((F°§'ol ated) and
Dense (dend$apaku 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

30 polyethylene having a pore size of 0.2 um 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
85 Examples 1 to 11 were coated on semiconductor substrates (silicon wafer
. substrates) by means of a spinner, respectively, to form applied coatings. In
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patterns of holes as shown in Fig, 1. Ise pattern is a pattern in which the
10 distance fromthe 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 fromthe center of a hole to the center of the

adj acent hole is one tine as long as the diameter of the hole. The depth of
the holes is 0.6 pffi and the dianmeter thereof is 0.10 gm 15 (01171 In
order to renove the solvent and dry, the substrates were heated at 100C for

1 mnute on t T lJ i inhs@eirat ed with an
ul tr ahi gh w@s@@agﬂ@é@*&sﬁ%ﬁsﬁ{ﬂ R LB AES e RRARI & fODG I, e
5011M KY, otinuta on sdotyplatesr Thenthe periied cgatings ﬁaﬁq?%e&ﬁd ?”&h\ﬂﬂi ch whol e
wavel engt h gifrahifie predsire meicurydsinp i@enafactired byAghiminex typeUdiS-val ue of 1080
20 micrn2) 5@:1&@@ o enf%opﬁ\fﬂi%%fn undBEa boHdMoRas Whith vaiad i ng t her eof

0.2 t ) whe, | t inth

Vi ni ty® CTHeveienalh SR SR SBg et 6 BR PRty .9%'35 oI, sossed by
observi ng tind/cal)xioi fomaundestayerndoatings @il dticknees 608 nm).a eHgyasl ect ron

m croscope &s3khds whitldifided @iyl Rictf6'bRd pioplRnédcaidhsrdntstRd eirgor ding to
t he foll t ) T flatt 0 th
Subst rat 3”@@%@%@% byl Br apotetesfls, S 8P alrfiul o COAR B B P3O0 L0G
2. [01191 freavitingindpriayercaatings werednsaiutde inthese @'ﬁ"@ndedayfe_r_ coating at
the centter pi1fjoladdikdio R sthiioRs bf indera(ér coatif@ibafiinglcompasitionon, no voi d

of The "ol cASS  plkbidics i%ﬁ@%%&g?%&fgﬁse‘éﬁ%@%ﬁﬁg’g%ﬁ@m?e1') net de
Exanpl e 1 D¥afapsubsirateshhymeans gha pipaersrespesivel. tg %Z'h lgd §oatingsn| ¢ 7
Exanpl e 8 Hxangdreo ferkvaithb sollentraraing)y,ehd dubstrates were heated at 100°C for
1 minute on a hot plate. Then, the applied coatings were irradiated with an
16 yltrahigh pressure mercury lamp (manufactured by Ushio Inc., type UIS-
5011MIKY, output: 500 W) 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 peing solvents used for photoresists, and as a result it was confirmed that the

resulting underlayer coatings were insoluble in these solvents.

Test of Intermixing with Photoresist
[0112] The solutions of underlayer coating forming compositions obtained in
25 Examples 1 to 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 100°C 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: 500 W) for 3 minutes
80  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 underiayer coatings (film thickness
600 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 90°C for 1 minute on
86 g hotplate. After exposure of the photoresists to light, post exposure bake was
performed at 90°C for 1.5 minute. After developing the photoresists, the film
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[0122] bt Thickness (rim DenseBias nple 12 20015050 Exanple 13 20014060
Exanpl e 14 21016050 Exanple 15 20015050 Exanple 16 2150 60 [0123] In the
under| ayer coatings of Exanples 1 to 16, difference (Bias) in film

t hi ckness on Iso (isolated) and Dense (dense) patterns was small The
under | ayer coatings of Exanples 1 to 16 were excellent in flowabillty on

fine Dense hole pattern that it was particularly dill-nmutt to obtain a
constant filmthickness. i s assuned t hat the soI ution of the underl ayer
coating for squ,l, hol es
even at Den@eag' %go @\%é %@Pﬁ&ﬁg#@aﬁlﬁ% o agrpg:% édg?ﬁ?ﬁ%l t area
on the subsiiefmxing gecu W@e"qmé'ﬂﬁﬁr YSFB‘?ﬂ ) FPIUHPThi ckness,

and t hat cobﬁeiqamplekytdﬂihadmmatdre&sﬂsmthl ckness of iso part and Dense
part becorrei% at%f Guértsaéftuﬁa eF@&EﬁlnB c&hﬁﬁ%moﬁﬂbbﬁﬁfed ihhe

under | aygr 0|t| to .16 were able to
flatten | rr 5&%‘@9[9%\/1@ Bqﬂ MF 'mg’éfeﬁét'ma@dp%%n f& ot Opt i cal
Par amet er s spinner, respectively, to form applied coatings. In order to remove the solvent

and dry, the substrates were heated at 100°C 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: 500 W) for 3 minutes
10 ynder a condition in which whole wavelength of the lamp is iradiated at 6.0 mW
(an exposure value of 1080 md/cm®) to form underiayer coatings (film thickness
200 nm). On each underlayer coating was coated a commercially available
photoresist solution (manufactured by Shipley Company, trade name: APEX-E)
by means of a spinher. The coated wafers were heated at 90°C for 1 minute on
16 ahotplate. After exposure of the photoresists to light, post exposure bake was
performed at 90°C 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 underiayer 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 underlayer coating forming compositions obtained in
Examples 1 to 11 were coated on silicon dioxide (SiO: wafer) substrates having
holes (diameter: 0.18 pm, depth: 1.0 pm) by means of a spinner, respectively.
26 The used substrates were substrates having Iso (isolated) and Dense (dense)
patterns of holes as shown in Fig. 1. Iso 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. Denso pattern is a pattem in which the
distance from the center of a hole to the center of the adjacent hole is one time
30  as long as the diameter of the hole. The depth of the holes is 1.0 um and the
diameter thereof is 0.18 pm.
[0115] In order to remove the solvent and dry, the substrates were heated at
100°C 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-
86 5011MIKY, output: 500 W) for 3 minutes under a condition in which whole
wavelength of the lamp is irradiated at 6.0 mW (an exposure value of 1080
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[0124] The solution of undedayer coating form ng conposition obtained in
Exanple 1 was coated on a silicon wafer substrate by neans of a spinner to
20 form an applied coating. In order to renpve the solvent and dry, the
substrates were heated at 100C for 1 mnute on a hot plate. Then, the
applied coatings were irradiated with an ultrahigh pressure nercury |anp
(menufactured by Ushio Inc., type U S 5011MKY, output: 500W for 3 mnutes
under a condition i n which whol e wavel ength of the lanp is irradiated at

6.0 nW (an al f 1 atin film
t hi cknegs 6 Sﬂ{oefov Ubjﬁeﬁage{,%%gpﬁ e ﬁ'af"f 9&8}% %".ﬁg | ??\)(alnd
at t enuat i on0-88ent atthe apen nyeaavheaeml@aaéﬁr@tlﬁnetfpr& ed with a
spect r oscopfifitefingi rafbEthe lundéitayer ceAings was adsesséd byeobsmlﬂugme) vvas 1.69 and

L e e oy medsqﬂ.p@é scarg Mo Bib Ui REN 1S ver e

fornmed from I ons ayer

ng .canposi tions
obt ai ned’ i nf0#k@hihesoidiogs gf v eg\amcgﬁt"gs gning £oaR8 °“%Pi?ﬁggﬁhderl ayer
coat i ngs, rEialmies Y210 18iware(cvpteriuh silicoa dioxided SiCeveférn) sulmtatasihaving a

s e R e e

i ndex (n) o
under | ayer patmmmdﬁsr&scsmmnmﬂm%olsmpﬁﬁﬁn&aERﬁ@rpll@Wb@hH%@ a refractive

'Tﬂdex |(12 Oéus&?&?fr@fﬂdhééerﬁadof%{ﬁcﬂ@tb?\he eentePsthe alljadénthis)e 18 fivétines . |[52126}
e solution of un in 0 in Exanpl e
12 was coat%‘sol 892 3“@4'?%'8{?"\5@ geﬁggawghéﬁ&ﬁ "gw's%%ﬁﬁégr to fom an
appl i ed coadistagee ﬁmdnejeentermﬂaelmh/@ the eerter ofdhe adigeenthple it RBe 41Wst r at es

wer e heat edasdbnd 89 the diamateiontibthols) Thbdepihl oitiee holéeis 0.6 im aaithé ed coat i ngs

20 were irr rahi gh pressure nercury |anp (manufactured by
Ushi o I ‘ﬁ:i% ﬁ]%g‘ﬁ@ﬁﬁw out put 500 for 3 m nut stund r a

condi ti on it '@:ﬁ"%ﬁ?@%@é‘" gventand dpge tf strates wergiiegtedat; 6. 0 nmw (an
exposur e vaj00eC éér L arteron a(mﬁblateo Them) the dpplied \contingsaweradrsadiated m t hi ckness

200 nin). qgtggu,uggﬁg?gs }cpﬁ, @f{ﬁ@ﬁ&hmrédmsma)nﬁ;@b@gmnuau on

coeffici ent Le nNea

spect r oscopr? "?'B'éfﬁ?f‘"g‘?r@‘ 0 Ry was 110 and
attenuati orwmlénbttmfdhe lafikp) lswmadi@ted 206.0[roWX7n expeswreivalue pE10&Dbat i ng was

formed 5(;* O%J/Bﬁ’)ﬁtls 'féﬁlri3m{uefa5 érr&éat"hg%verrhé GAéHnags bPdouting tirsmeatagist | ons t
el racti ve Q- AGR A e SpaP Teb il ﬁ@ﬁ%@%ﬁ?ﬁ"ﬁﬁ@ﬁ&p&@% %ﬁ%a&’g’&efiﬁgl h*of
193 nm wer élaﬁelaieglraid byithenumdesiayen caatingsvas assesprbbiolsernvingthe result, t he
underi ayer sgefdrialbrn'd? MdR@sihes Withipstanningfelettbh viticiosctpe (SEM)of 1. 79 and
an atten ”a‘[bﬁ’bl ﬁﬂS%&&ﬁiﬁ& I‘até Was%];lcgta@d according to the following equation.
26 The flattening rate was 100% when holes on the substrate were perfectly
flattened. The resuits are shown in Tables 1 and 2.
[0119] Flattening Rate = [1 - (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
80  gbserved that the inside of the holes was filled with the underlayer coating.

[0121]
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Test of Dry Etching Rate 36 [0128] The sol utions of underlayer coating
form ng conpositions obtained in Exanples 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 renove the solvent and dry, the substrates
were heated at 100C for 1 mnute on a hot plate. Then, the applied coatings
were irradiated with an ultrahigh pressure nercury | anp (manufactured by
Ushio Inc., type UlS- 5011M KY, output: 500W for 3 5 m nutes under a
condition iga.) iq h whol e vvavel ength of the lamp is irradiated at 6.0 nW (an

able 1
exposure val-te—o 080—al/-6 o—f-orm-uhd : hi ckness
6 pm. Then, dry e I”é(?'ﬁb% ease hesg;per unit tine)
on t hese unde e DENSE  redidf od R S -emE520

5 condition in which to

besults are shown in

. dry gtching rate of

tate o t he phot oresi st

ctured by Shin-Etsu

e is fegarded as 1.00.

§ conp sitions obtained
trates by neans of a

order o renove the

manuf act ur e XBSV'PWE})pOScr erﬁorofr c CoV Ltq|'"
tefrafl uoro SRR Oused 299 dry 00 ng
Tabl e 3, Expopled) ecti vi cory,
an under | ay a'(‘:"B!?t qu ca wher e ¥he dr
for KrF Ias@?‘a'I"P{erﬁ)g y ( de na SEP
Cheni cal Example er a m I ar ndi t
15 [ 01291 Tﬁéa@a, & .°" of @lferi ayd coat
I n Exanpl es Yo cogy, d on %OI i con
spinner, re %‘E‘P I “’ Ot o B appl %9 coa
sol vent and ?Pet : bstr 1 e's weré) heate or 1 6n nute on a hot
pl ate. The —-"-- Ay atri-gh
pressure rrdlodzmy Iarrp 20 (rranuf actured by Ushio I nc. type U S-5011M KY,

out put : 50(]'%]3@]” 3 m nutes under a condition In whi ch whol e wavel engt h of
the | anp i s~Trradratf nﬁhlamﬂrhf‘” EXPOS|HAehmgFat®{% 080 m/cn?) to form

under | ayer coati ngs ess gfide prr) Isol NeNn, peMs&t chpag rate
(decrease i1 gt nesgpgindedager coatings was

measured wi gpo KE 06> by Rpgpon Sgientific Co.,
Ltd. under rafl ubgrret har@@owas uged as dry
et chi ng gasExj:r,ﬁ N

1%385 ar ggghown gy Tabl god. Whe tablg, the
selectivity S 3%& et chr lag r at go@f an qogierl aygr coating in
case where rg—rate of thephotoresi st Tor KrF | aser

Irthogr%g y (trade name: SEPR430 manuf act ured bé/ Shi n- Et su g_m Co.,
Ltd.) urfderfo$23ilntheaundinlayermpatingsof fexammiage! 10516, difigrarca (Blas)indn (01301

thickness on Iso (isolated) and Dense (dense) pattemns was small. The
underlayer coatings of Examples 1 to 16 were excellent in flowability on fine
Dense hole pattern that it was particularly difficult to obtain a constant film
thickness. It is assumed that the solution of the underfayer coating forming

10 composition smoothly flows into a plurality of holes even at Dense part having
targer hole number (hole density) per unit area on the substrate than Iso 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 underayer coating forming compositions of

15 Examples 1 to 16 were able to flatten irrespective of Iso part and Dense part.

3
U
1
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Qa0 )

Measurements of Optical Parameters
[0124] The solution of underlayer 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 100°C for 1 minute on a hot plate. Then, the applied coatings
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[ Tabl e 3] 1Selectivity Exanple 1 1.82 Exanple 3 1.05 Exanple 5 1.10
Exanple 7 1.89 Exanple 9 1.49 Exanple 10

were irradiated with an ultrahigh pressure mercury lamp (manufactured by Ushio
Inc., type UIS-5011MIKY, output: 500 W) 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/em®) to form underayer coatings (film thickness 600 nm).  On the
5  underlayer coating, refractive index (n) and attenuation coefficient (k) at a
wavelength of 193 nm were measured with a spectroscopic ellipsometer. Asa
result, refractive index (n) was 1.69 and attenuation coefficient (k) was 0.096.
[0125] Underlayer coatings were formed from the solutions of underlayer coating
forming compositions obtained in Examples 9 and 10 simitarly to the above.

10 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

16 and attenuation coefficient (k) of 0.087.

[0126] 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 100°C 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-5011MIKY, output: 500 W) 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 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. Asa
result, refractive index (n) was 1.70 and attenuation coefficient (k) was 0.020.
[0127] An underlayer coating was formed from the solution of underlayer coating
forming compossitions prepared in Example 13 similarly to the above. On the
underlayer coating, refractive index (n) and attenuation coefficient (k) ata

80  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 E‘tching Rate

35  [0128] 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
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1. [0131] [Table 41 Exanple 12 Exanple 13 1.52 Exanple 14 1.39 Exanple 15
1.12 Exanple 16 [0132] It was confirnmed that the etching rate of the
under | ayer coatings obtained fromthe underlayer coating form ng
conpositions of Exanples 1, 3, 6, 7, 9 arid 10 and Exanples 12 to 16 was
hi gher that of the photoresists. This result neans that in the process in
whi ch the base of the substrate is exposed after devel opnent of the

phot oresi st formed on the underlayer coating, the underlayer 10 coating is

renmoved bef h | St : i hivd eSuggest ed
that the degfe?eﬁé'ﬂﬁe’g%gbg‘f‘g’gbs@ f%@? ?@li%ﬁgg%tﬁ@%. él;ﬁgﬁané He@ {reer’g&{ R ta I étUbSt rate
accur at el y. seivertfangeley; thersybsiates werrhegtedat 101G forgraipytegna hat Ride.,
ﬁeCF i Onﬁﬂ I ViTREN, ke applieadﬁaﬁl??gseﬁeremrddiatgd Wgh la\suliltmdlg!:l mesauwmwﬁum& s uEst ][ ate
aving hol e ) DQhtpat; 580 ® depth o
the undeg! a@a&%@ﬁ‘#%d'g{i b _Héaégﬁgé‘?"%wtl’ hgl ! dglt A nbgkl') dia*%i gdepth of
initial Rol Bnes et arropdiian it WhIck whelevavelendl s s RS [racbtyda
under | ayer 6@ahWh@n eSpoakiot valueof 1080 mdiehldndorot wideslapenaoatiegs (LA M5 1. An
under| ayer ﬂ%b@okg&@l NGFHER I &ichingRath Wedre4sd iR GinPthidkngss pérunitdi at i on an
under | ayer Qoailnﬁﬁu e %gwan uq@erla§er ongawﬁgghg%ggb Esjbfillthography
5 process ofMehen fagre Haderdaver 69atogs Was AIRgeY l'ces, .Conprising a
pol yner i zabhangfabkrathiyNippdn Scigntiicts: Hdnunder the eanditionda whish. 2. " The
under | ayer ghatidlembMiaibNhsURBH @8 idry StohiAg gas.di T results sreshdwniher ei n t he
pol ynmeri zable sybstgnce i s ‘rkﬁﬁgg j gh o least one
cationic po{r%ﬁi z@'&ﬁ%?ﬁbé%(éﬁ? g%é&@’ﬁp a Q"ﬁ%gﬁgg?ﬁ%g fzakiﬂ:on
initiator isnderigiencnaiag iropase Wher Hherdry gichiva ratgidf the Rjjetoresist for &
laser lithography (trade name: SEPR430 manufactured by Shin-Etsu Chemical
Co., Ltd.) under a similar condition as above i‘s regarded as 1.00.
15 [0129] The solutions of underlayer coating forming compositions obtained in
Examples 12 to 16 were coated on silicon wafer substrates by means ofa
spinner, respectively, to form applied coatings. In order to remove the solvent
and dry, the substrates were heated at 100°C for 1 minute on a hot plate. Then,
the applied coatings were irradiated with an ultrahigh pressure mercury lamp
20 (manufactured by Ushio Inc., type UIS-5011MIKY, output: 560 W) for 3 minutes
under a condition in which whole wavelength of the lamp is irradiated at 6.0 mW
(an exposure value of 1080 mchm’) to form underayer 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 ES401 manufactured
26 py Nippon Scientific Co., Ltd. under the condition in which tetrafiluoromethane
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 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
80  condition as above is regarded as 1.00.

[0130]
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3. The undedayer coating form ng conposition according to claim1, wherein
t he pol yneri zabl e substance |Is a pol yneri zabl e conpound havi ng at 15 | east
one radi cal poiynerizable ethylenically unsaturated bond, and the

phot opol yneri zation initiator is a photo-radical polynerization initiator.
4. The underl ayer coating form ng conposition according to claim1, wherein
t he pol yneri zahl e substance is a pol ynmer conpound having at |east 20 one
cationic polynerizable reactive group, and the photopol yneri zation

initiator i oto-cationic polynerization Initiator. 5. The undedayer
coating for Sitli i 2, wherein the polynerizable

conpound haALi_ng_al_Le_M'E’_caLLonL&_poLy.n:e.r_i zable 25 reactive group is a

pol yrrer i zabF¥are@adoungl-8dving 2 to 4 epoxy rings. 6. The underl ayer
coating forkxafplednposh-89 on according to claim 2, wherein the pol ynmedzabl e
conmpound haGxaplad | egs10 one cationic pol ynerizable reactive group is a
pol ynedzabl Exammedund|@ing 2 to 4 fantail rings. 30 7. The underl ayer
coating fork¥ample8npofi-49 on according to claim4, wherein the pol yner
conmpound h lafo 7 ioni i zabl e reactive group is a
pol ymer conjeddtid of formula (1): O In fornula (1), Pis a linking group
constituti 'I?aﬁleﬁ?' ynmer backbone, O is a direct bond or a |inking group, or
formul a (2y—2y—n e i’i (2y—P+s—=at+inki ng group constituting a

pol ymer ba A i Heet—bontd—er—a—t++nki ng group. 8. The underl ayer
coating for on according to claim7, wherein in fornulae (1)
and (2), P oup, a derivative thereof or an 10 organi c group
derived fr conmpound or an aromatic conmpound, Qis a single
bond, or a havi ng an ester bond, ether bond or am de bond.

[0132]

5  |twas 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 16 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 underiayer

10 coating is removed before the photoresist is scraped out. Thatis, it is
suggested that the developed photoresist pattem can be transferred to a
substrate accurately.

Brief Description of the Drawing
16 10133] Fig. 1 is a sectional view of an underlayer coating formed on a

semiconductor substrate having holes.

Description of Symbol

[0134] Symbot 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 ¢ is the underfayer coating. Symbol d is the semiconductor substrate.
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9. The undedayer coating form ng conposition according to claim2 or 4, 16
wherein the photo-cationic polynerization initiator is an aromatic

sui fonium salt conpound. 10. A nmethod for form ng an underl| ayer coating
used as an undedayer of a photoresist in a |lithography process of the

manuf act ure of sem conductor 20 devices, conprising the steps of: applying
t he underl ayer coating form ng conposition according to any one of clains 1
to 9 on a sem conductor substrate to forman applied coating, and
irradiating the applied coating W tlkplagt to forman underlayer coating.
26 11. A nethod for formng a |lamnated structure of an underl ayer coating
and a photoreslst used ma |ithography process of the manufacture of

sem conduct &r dewinaeslerayersoatingfomiihg cempesitianifor fapping by dightisadiay | ayer
coating f Of g% IRASIRABGIchG Usa 6056 uRdlrlaferna itforeSist in &l IfagRaphyt 0 9 on a
sem condgict or subs“{lat e H)ﬁc&ﬁrg}nan .a&%yp&)g é@%%l Bn %sr";aigl ating the applied
coating wi t AfOPFHHY Mg © OtrEpiP 8 (TG an Dlying a

phot or esi st palympidzable sbstance iapd @rhetarglyaerieation iRGatehd ‘heating it to forma
photoresist. 6 12. A nmethod for form ng a photoresist pattern used in a

phot or esi s _ ern used in a
he steps y?-?riﬁﬁﬁéi"ﬁéeﬁ@'%bﬁ%ﬂﬁfgﬁé RO o acbor i ng

the steps o copposition according

ng,
to any one \sherginghgpo M@'@ﬁ“m%ém&%‘péﬁﬁg aynd haiRg,aty an appl i ed
coat i ngl0 i risastioneicatorio pblymetipable ezhctivagrionp, addtthe bhotepolymefizatiohan undedayer
coating, aqnhigéop% ggmﬁ;ctg{i&ﬁéﬁglyﬁgmﬁhyﬁmogn t he underl ayer coating and
pnho st,

heating it to form ores exposi ng the sem conductor substrate

coated with the undedayer coating and the photoresist to |light, and
3. The underlayer coating forming composition according to claim 1,

wherein the polymerizable substance is a polymerizable compound having at
15 |east one radical polymerizable ethylenically unsaturated bond, and the
photopolymerization initiator is a photo-radical polymerization initiator.

4. The underlayer coating forming composition according to claim 1,
wherein the polymerizable substance is a polymer compound having at least

20 one cationic polymerizable reactive group, and the photopolymerization initiator
is a photo-cationic polymerization initiator.

5. The underiayer coating forming composition according to claim 2,
wherein the polymerizable compound having at least one cationic polymerizable
26 reactive group is a palymerizable compound having 2 to 4 epoxy rings.

6. The underlayer coating forming composition according to claim 2,
wherein the polymerizable compound having at least one cationic polymerizable

reactive group is a polymerizable compound having 2 to 4 oxetane rings.
30

7. The underlayer coating forming composition according to claim 4,
wherein the polymer compound having at least one cationic polymerizable
reactive group is a polymer compound of formula (1): .
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15 devel opi ng the photoresist after the exposure to light. 13. The nethod
according to any one of clains 10 to 12, wherein the sem conductor
substrate is a sem conductor substrate having hole of an aspect rati o shown
in height/diameter of 1 or nore. 20 14. The nethod according to any one of
claims 10 to 13, wherein the light irradiation is carded out by I|ight
havi ng a wavel ength of 193 nmto 700 nm

(1)

in formula (1), P is a linking group constituting a polymer backbone, Q is a direct
bond or a linking group, or formula (2):

e @

5  informula (2), P is a linking group constituting a polymer backbone, Q is a direct
bond or a linking group.

8. The underlayer coating forming composition according to claim 7,

wherein in formulae (1) and (2), P is alkylene group, a derivative thereof or an
10 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.

9. The underlayer coating forming composition according to claim 2 or 4,
16 wherein the photo-cationic polymerization initiator is an aromatic suifonium salt

compound.

10. A method for forming an underlayer coating used as an underayer of a
photoresist in a lithography process of the manufacture of semiconductor

20 devices, comprising the steps of:
applying the underayer coating forming composition according to any one of
claims 1 to © on a semiconductor substrate to form an applied coating, and
irradiating the applied coating with light to form an underlayer coating.

26 41, A method for forming a laminated structure of an underlayer coating and
a photoresist used in a lithography process of the manufacture of semiconductor

devices, comprising the steps of:
applying the underiayer. coating forming composition according to any one of
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claims 1 to 9 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 underiayer coating and heating it to
form a photoresist.

12. 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
claims 1 to 9 on a semiconductor substrate to form an applied coating, irradiating
the applied coating with light to form an underayer 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.

13. The method according to any one of claims 10 to 12, wherein the:
semiconductor substrate is a semiconductor substrate having hole of an aspect
ratio shown in height/diameter of 1 or more.

14. The method according to any one of claims 10 to 13, wherein the light
iradiation is carried out by light having a wavelength of 193 nm to 700 nm.
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