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 6 Technical Field [00011
The present invention Sates 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 formng by light irradiation an underl ayer orating used as an
under | ayer of a photoresist in a |ithognaphy process of the nanufacture of
sem conduct or devices. The pr eserﬁEQ@Rﬁ“l‘l?ﬂ” also relates to a nmethod for
form ng an underl ayer coating by use of the undedayer coating form ng
conposition, and a nmethod for form ng a photoresist pattern. 16 Background
Art 100021 RESISTIUNDERLAYER GOARINGRORMINGEOMPOIEANBARFPBMING Vi ces,

mi cro-processi fgidyoldRASSINRRING CURID REBST ONDERLAYERSCOATING ar ri ed out.

The m cro-processing I's a processing nethod conprising formng a thin
coating of a 20 photoresist on a sem conductor substrate such as a silicon
waf er or t hEdhnical Fieldr adi ati ng actinic rays such as ultraviolet rays
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phot oresi st and the substrate (bottomanti-reflective coating) in order to
resol ve t heBackgbdwenhArds t he anti-reflective coating, froma viewoint of
easy of us erro@bq RnvbiRnafRiVihe ARuRIRE opSemibaducte davides) enior- or gani ¢
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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 comesponding 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.,
ArF excimer laser beam (193 nm) has been taking the place of KrF excimer laser
beam (248 nm). Along with this change, influences of random reflection and
30  standing wave of actinic rays from a substrate have become serious problems.
Accordingly, it has been widely studied to provide an anti-reflective coating
between the photoresist and the substrate (bottom anti-teflective 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-
35 reflective coatings (see, for example Patent Document 1).
[0004] n recent years, in order to solve interconnection delay that has become



(00041 In recent years, in order to solve Interconnection delay that has
becone clear with mniaturization in pattern rule of sem conductor
devices, it has been al so considered to use copper as interconnect
material, and to apply Dual Damascene process as |Interconnect formng

nmet hod on the sem conductor substrate. And, in Dual Damascene process, via
hol es are conned and an anti-reflective coating is forned on a substrate
having a hi gh aspect ratio. Therefore, the anti-reflective coating for use
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[0007] On the other hand, the above-mentioned organic underlayer coating is
25  formed by applying an underayer coating forming composition on a
semiconductor substrate, and then heating the semiconductor substrate ata
* high temperature of about 170°C to 200°C. Therefore, components with a low
molecular weight contained in the underayer coating forming composition are
volatilized or sublimated on heating at the high temperature, and this causes
30 problems that the volatized or sublimated components adhere on peripheral
-apparatuses and thus the apparatuses are polluted. Further, it becomes
problems that the components adhered to the apparatuses fall on the
semiconductor substrate and it exerts a harmful influence on patter formation.

36  patent Document 1: US 5919599
Patent Document 2; JP2000-294504



36 Patent Docunment 1: US 5919599 Patent Docunent 2: JP2000-294504 Pat ent
Docunment 3: JP2002-47430 Patent Docunent 4: JP2002-190519 Patent Docunent
5: WD 02/ 05035 panphl et Patent Docunent 8: JP2002428847 5 Di scl osure of

I nvention Problens to be solved by the Invention (00081 An object of the
present invention is to provide an underl ayer coating form ng conposition
for formng by light irradiation an underl ayer coating used 10 as an

under | ayer of a photoresist in a |ithography process of the nanufacture of
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upper layer and that has a high dry etching rate compared with the p otoresns
and an underlayer coating forming composition for forming the underlayer
coating.

20 [0010] Further, an object of the present invention is to provide an underlayer
coating forming compossition for forming an underlayer coating formed by light
irradiation that can be used for an underlayer anti-reflective coating for reducing
reflection of exposure irradiation light from a semiconductor substrate to a
photoresist layer formed on the substrate in a lithography process of the

26 manufacture of semiconductor devices, a flattening coating for flattening a
semiconductor substrate having unevenness, a coating for preventing
contamination of a photoresist due to substances generated from a
semiconductor substrate on baking under heating, and the like.

[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 iradiation.

Means for solving the Problem

[0012] Taking the above-mentioned present status into account, the present
35 jnventors eagerly investigated, and as a result, they found that an excellent

underlayer coating can be formed from a composition containing a



Means for solving the Problem (00121 Taki ng the above-nenti oned present
status Into account, the present inventors eagerly investigated, and as a
result, they found that an excell ent undedayer coating can be fornmed froma
conposition containing a polyrnerizable conpound and a

phot opol yi nerizatkln initiator by light irradiation. [0013] The present
invention relates to the follow ng aspects' - as a first aspect, an
under | ayer coating form ng conposition for formng by light Irradiation an

undedayer cpalinagzatiecoragound anddasHotpelymafizatiqriioitistoeby tghtirradiation! i t hogr aphy
process of idﬁgﬂﬁﬂ%‘é%%hﬁrlﬁv&%or?ﬁdﬂt&@ﬁ%&?&ﬁw \sp8dts: COMPY I Sing 2

pol yneri zablFe yner.i zal'i on .l ni.t a second
aspect, t he- anhadmipspectan yndgriavsr gﬂj" (f R FOMRFILED o faf"ﬁbg PX "gﬁte first
aspect, Whellﬂdlhtlbh anundymayer zeeting usedas amunderlayar of ¢l phetaresistdn @ conpound

having as | gg R)%%é’&'tﬁ Hﬁh&ﬁ&ht‘é&r@eﬁumwbmmmmm gtdne 10
phot opol yrrerl Z t I ni o 0- c.at I Or}ﬂ'ﬁﬂtgpl ynmerization initiator;

ator I's
- as a thi rB°¥'§'6€¥ﬂ le sihstarics @l"f’éypg‘PP conposi tion according
to the firstasnagecind adpeckihe mﬂenwmmgmlegg@mms&m@ 09481 yneri zabl e

conpound haHL Jaés E&aﬁher@nﬁhé hzam& MiBtdreald & polymplizatical | y

pol yrer 2 o PP gt 14240 °é'i B 5b Heribie %ﬁ@fw R Coating
form ng Bonpwomlymem&ignmmagortis)aphetwqah@micae gepiza At he

Bglt gg : ;ggl 8s & Wl aspest, e mn&mammwwmmi@rmobmmd;:ofalt '502' c
phot o- cat i ohrst‘ﬁ?%%f@ém%ﬁ ’ii'niéi{z%gés %R%?SW" El{l %gggpb%'he

under i ayer bedng aldeassonpadieal melyaverizahle athyle FGF&;” ﬁ&ag A8nd aspect ,
wher ei n t hethe@hstopolyardizetisrointiatonis smwtmgpemal belyserization dniidtoni c

pol yrer ng abl g & fftfh'asPedl Bidfnkn el CatB Hrify oY SorfiEmRH %@cé’l’dihbft@ﬂ% to 4
cgnpga ti gnﬁ'ﬁbﬁﬂeﬁ wheren mﬁm °e\/%8rp8&ﬁ%% ﬁém o'?rg/rrer " Pabl e
conpound haui lagst@ahe|cetisric polgmetizable neam\(e q;@ﬂlmmdﬁhidmt@m @Vgroup is a
Ch y“&éf?i‘“&‘f"‘”@e Bk B Lo R ko 1 asbect.
e e AR o LI (S sl o O TE
reactivédgr anond asaeqjoulpersin the nplymatizabie sampaung haying at least one

cationic polymerizable reactive group is a polymerizable compound having 2 to 4

epoxy rings;

- as a sixth aspect, the underlayer coating forming composition according to the

second aspect, wherein the polymerizable compound having at least one

26 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):
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3 [0014 in formula (1), Pis a linking group constituti a polymner

bac: kbone, 0 is a direct bond or a linking group, or formula (2): 00161
100171 in formula (2), Pis a linking group constituting a pol yner

backbone, Qis a direct bond or a linking group; - as an eighth aspect, the
undedayer coating form ng conposition according to the seventh aspect,
wherein in formulae (1) and (2), P is alkylene group, a 10 derivative

t hereof or an organic group derived froman alicyclic conmpound or an

aromati ¢ copnesda (1, P $s Aliférndcdroup enbtituting apoyngabackigneL@ isadired an est er
g

bond, ether _bond or  am de bo -»AS a ninth aspect, the underl ayer
coating forf® T&WW%O& P'&(%g to the second or fourth aspect,

wher ei n t he[09M6l o- cati oni c pol ynerization initiator is an 16 aromatic
sul fonium salt conpound; - as a tenth aspect, a nethod for form ng an

under | ayer cog%i sed as an underl ayer of a photoresist in a |ithography
process of the nuf act ure of sggigonduct or devices, conprising the steps

ot appl yi ng tge u | ayer ing form ng conposition according to any
one of the 20 fi Oth aspects on a sem conductor substrate to form

an applied coating, and irradiating the applied coating with light to form
an under}iayer coating; - as an eleventh aspect, a nethod for formng a

| ami nat ed st3&t ure of an underi ayer coating and a phot oraﬁi st,,used in a

i t hogr aphyingfommea €)oP is & linking 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
16 aromatic sulfonium salt compound;
- as a tenth aspect, a method for forming an underlayer coating used as an
underlayer of a photoresist in a lithography process of the manufacture of
semiconductor devices, comprising the steps 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 underlayer 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 underfayer 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



25 manuf acture of sem conductor devices, conprising the steps of: applying
t he undedayer coating form ng conposition according to any one of the first
to ninth aspects on a sem conductor substrate to forman applied coating,
irradiating the applied coating with light to form an undedayer coati ng,
and appl ying a photoresist conposition on the underlayer coating and
heating it to 30 forma photoresist; - as a twelfth aspect, a nethod for
form ng a photoresist pattern used In a |ithography process of the
nanufactureqﬁyskﬁﬁﬁkponductor devi ces, conprising the steps of: applying
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aspect, t heegRisihadh@senicohd@tdraubstiate veated with thet wnderlayes coating and aspect s,
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L
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having hole of an aspect ratio shown in height/diameter of 1 or more; and

- as a fourteenth aspect, the method according to any one of the tenth to

thirteenth aspects, wherein the light iradiation is carried out by light having a

16 wavelength of 193 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
26 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 underiayer coating forming composition of the present
invention can form an underlayer coating by light irradiation without heating ata
high temperature. Therefore, the pollution of the peripheral apparatuses due to
the volatilization or sublimation of components with a low molecular weight can
36 pe 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



[ 0018] The underl ayer coating form ng conposition of the present invention
can formby light Irradiation an excellent underlayer coating that has a
high dry 20 etching rate conpared with photoresisth, and cause no

interm xing with photoresists. [0019] The under-1layer coating formng
conposition of the present invention can also flatten the surface of

sem conduct or substrate having holes an aspect ratio shown in
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[0023] <Polymerizable substance>
The polymerizable substance used in the present invention is a polymerizable
20 compound having at least one cationic polymerizable reactive group, &
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
26 The polymerizable compound in the underlayer coating forming composition of
the present invention is not specifically limited so long as it is a compound
having one or more polymerizable moiety that polymerizes by the action of the
photopolymerization initiator mentioned below. From viewpoint that it forms an
underlayer coating having a low solubility in an organic solvent, compounds
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  eyclic ether structure such as epoxy ring and oxetane ring, etc., vinyl ether
structure and vinyl thioether structure, and the like, which are cationic



under | ayer of a photoresist In a |lithography process of the manufacture of
sem conduct or devices. And the undedayer coaling form ng conposition of the
present invention contains a polynerizable substance and a

phot opol yneri zation initiator. In addition, the underlayer coating form ng
conposition of the present invention can conprise other conponents such as
a surfactant and a sensitizer, etc. [0023] <Polynerizable substance> The
pol yrneri zabl e substance used in the present invention is a polynerizable
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conpounds tétﬂwcaddu bstem&npfaunagmmmmrwwaen(mna@mpmeapd ef erabl y

d. |
gfgf or Qﬁ? teo %%gno?hﬂgec&ﬁpﬁlc ggldtegfaer B%égﬁfdszﬁrglef’c ié?d'%é‘l'%%mcp e (i n
terms of stehttalicagsbester sanaaumd s?ﬁB/'FrﬁP' @m%?c‘&@i"gﬁpsﬂ?e BPYESETHDI e 100 to
2000, or 158mide cbhipdunds, itaEshid acid 8Mltie compbDads, cr@otic apidGREde The

pol yneri za é&v.&&me jﬂQlelzga\éidmvi&é B &Eria%'dnu prm& HEI@ bRt SUMbduRdBot
speci ficall rmt % I'nc or F@R' @@gsaﬁd;éghgégf(iar boxylic acid
conpounds s#€h The glephyalicompet S%PHW d g acid, crotonic
acid, 20 example polyol oompounds having 2 to 6 hydroxy groups, such as ethylene
glycol, tristhylene glycol, tetraethylene glycol, tris(2- -hydroxyethyl)isocyanuric
acid, triethanol 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
30 di(meth)acrylate, nonaethylene glycol di(meth)acrylate, polyethylene glycol
di(meth)acrylate, tripropylene glycol di(meth)acrylate, tetrapropylene glycol
di(meth)acrylate, nonapropylene glycol di(meth)acrylate, polypropylene giycol
di(meth)acrylate, 2,2-bis[4-(acryloxydiethoxy)phenyllpropane, 2,2-bis[4-
(methacryloxydiethoxy)phenyl]propane, 3-phenoxy-2-propanoyl acrylate, 1,6-
35  bis(3-acryloxy-2-hydroxypropyl)-hexyl ether, pentaerythritol tri(meth)acrylate,
trimethyrol propane tri(meth)acrylate, glycerol tri(meth)acrylate, tris(2-



10 mal eic acid and phthalic acid, etc, In addition, unsaturated carboxylic
aci d ester conpounds or unsaturated carboxylic acid am de conpounds derived
fromthe above-nentioned unsaturated carboxylic add conpounds and al cohol
conpounds or am ne conpounds can be nentioned. Exanples of themare acrylic
acid ester conpounds, nethacrylic acid ester conpounds, Itaconic add ester
conpounds, crotonic acid ester conpounds, nmieic acid ester conpounds,
phthal i c acid ester conmpounds, acrylic add am de conpounds, nethacrylic

aci d am;jde ﬁwfiﬁ@aﬁﬂw&i@ggt& (FB)acrplate) partderytheitadt oni ¢ aci d am ge
conpounds, ic,acid am.de.c ggg&iﬁht ounds,
etgp EIJ'he al @ﬁﬁpetb%gﬂﬁ‘g%pme%ﬁ%gg%% QP#@QH’ Sn?‘gl ,gnan in?lolrrgeuf or 20
exanpl e pol hexadwetanndsteheli nij the meaptime.de WPQPGE?}”L"P- EKAMRCet hy| ene

gl ycol , Met &myene gituidiimetii)atryats phrsiethgbyeglycol diacrylate and ethylene
tris(2- hydm@@ th%ﬁ@g%anurl c acid, Methanol am ne and pentaerythritol,

tc. Th a t ifically |ipited i de f
exanpl o pol [938HEncBalToeHRbAVIRAYI hEng St nicaly WretRBf 2aPd i no
groups, sucthegpestinbinventiondhcudesalsodfiettinasrtoropguride that aaw be obtained by
di am nonaph}ﬂeg,g{kﬁ{ll«;e,g efa ?bp(,é\ah g&g&ﬁﬁbﬁ%ﬁbmhydmxyalkw

I phe , .ang tris(2

3,3 ,4,4-tet . t h - 1.0027
Speci 11 ¢ exHptptagtegroativey LA aﬁ%ﬂ?@uﬁ%ﬁ::&% i
unsat ur 32 edbyreadtia beteretry b @oiyvajentoarioxy compoundandy bidsoxyaliket hyl ene gl ycol
di (et h) acr ydabhGateliRlaibekGReac 61 cotdoimll { didift ¥stéd compotihdeetdiyasne gl ycol
vt S0P bIO ho -i o pn, 3  or
t et rapr opyi thedikgl ycol di (nmeth)acryi ate, nonapropyl ene gl ycol
gi (2 met h) aCEMoQQFTh@ﬁ&IMﬁémblmnpﬂuyiﬂ alvidy catdnlo palymérizable moiety

, &= S -(ac[l [(0).¢ : N B
(et hac ri'.flll o'??lﬂﬁﬁ ﬁ%ﬁ(}wwg%‘l&@&%ﬁ Bﬁgrne%(u%h h Egéxya?]%ggland&ld)ﬁ(gt e, 1,6-
3bi s( 3- acr ypxstanepting, @ ifer stryeiire and vinyit 'Oég}?f H"g'ﬂ’ﬁr e fheliks.
: ri E rn teth |) ) a[mdzg&prme -.E:lymméfu %ﬁénm%aazg epéxyeririg)iadot sne_sg:_cglly%ﬂmm

ri{meth)ac if ] ¥hoky gy BaYbs tisédk! aTHRSL er

th | e, Coripourids b H?-%“'?*?;é‘%‘# gy payboteat W hritol
(et e ekl kscird RS oba TN PERRVET A L0
meant i "8 | motehglycighd eltrfer strtictomes of glycidylestaretractisdhal agmpediroduced
di (et h) acrﬁ‘é@ta ogﬁ%gﬁdﬁ Whd e midre flrok) grelipd Glcartvxy gRiupg| suvh s gl ycol
tﬁ?}' RaY

di met h t I bl [ hyl eni cal |
e e

unsaturate

that can betricibakyliedclsycangesint caic.oandve glycidylreampoand §uch 8% cyanat e conpound

and a hydr o élispshyartsatdir at ed carboxylic acid ester conpound, conpounds
I

e o o Pk e GyRel estﬂ;‘%“%‘l“%@ﬁ%ﬁ?ﬂféﬁq felEoter
conpounds stRrhbeamentionedyare [ id-bitangciol abicidyl ethag &'Qﬂq%'l“’ conpounds such as
di vi nyl pht @abrjethylRyslohexand, diycerdlitfigiycidyl ether, diethylene glycol diglycidyl
ether, 2,6-diglycidyl phenyt glycidyl ether, 1,1,3-tris[p-(2,3-
epoxypropoxy)phenyilpropane, 1,2-cyclohexane dicarboxylic acid diglycidyl
30  ester, 4,4-methylenebis(N,N-diglycidylaniline), 3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexane carboxylate, trimethylol ethane triglycidyl ether, triglycidyl-p-
aminophenol, tetraglycidyl metaxylenediamine, tetraglycidyl diaminodiphenyl
methane, tetraglycidyl-1,3-bisaminomethylcyclohexane, bisphenol-A-diglycidyl
ether, bisphenol-S-diglycidyl ether, pentaerythritol tetraglycidyl ether, resorcinol
86 diglycidyl ether, phthalic acid diglycidyl ester, neopentyl glycol diglycldyl ether,
polypropylene glycol diglycidyl ether, tetrabromo bisphenol-A-diglycidyl ether,



(00291 The pol yneri zabl e conpound havi ng cationic potyrnerizable noiety 15
i ncl udes conpounds havi ng cycle ether structure such as epoxy ring and
oxetane ring, etc., vinyl ether structure and vinyl thioether structure,
and the like. (00301 The pol ynerizabl e conpound havi ng epoxy ring i s not
specifically limted and conpounds having | to 6, or 2 to 4 epoxy rings can
be used. The pol yrnedzabl e conpounds havi ng epoxy ring Include conpounds
having 2 or 20 nore glycidyl ether structures or glycidyl ester structures

that Og;mggg bROREN B TBeReABTRRY My Kb BorkadiythitR Gigaftli’mléthelgr fg Pyl

aci d corrpou3@%&%&’%@?'8%%!‘}"@@&°&°€'UM§FW %g?@é“ﬁ %ﬁéﬂ@&&ﬁém dyi

pol yrrer %ZE“’“’”W“”‘"““‘E’;L bk Eﬁiﬁfﬁﬂ‘?&f&ﬁ%“%ﬂ%ﬁ? are O

poly n itohpo

1, 4- but d

gl ycelrjolalate I’I@b?}gﬁ @R@P%@”Sﬁhéf'%ﬁ%éx C%?&'g&ﬁ%g%l e%ﬁr{e%ig;a”e

2, 6-di gl yci diglycistybather, gelyethyiene glyeeldig 1 ethop g 2“ glyclidyl ether, p-

380238/ |to(ra ?poxb).:tylphewllgycwm?gé amﬁmmﬁ%egumwmmmwdym gl yekl y1l
Iyei

3, 4- i Mosyl ate, trimethyl ol

o haﬁﬁ"?YSY"m Y:Zte ploheiang Emééﬁy&w£‘§uﬂaﬁart2?¥a3| yaayl

met axyl & eebbmyprmoxyparﬂ:girglsompyl)!liphenylmwﬂabpw(%t hane,

tetragl yC|d Wma Imei pjlem.ebo Henasahéy! et her,
resorci nol g@f%' %ﬁ@&g@gﬁ iYam%‘(% eaomc@%gﬁ%b/ 4758 copent

gl ycol di gl y@dngxarst-mi;ocp@olyqxaopy1 &sethyignedioky-tis(d4ci dy! et her, tetrabrono

pent aor yyhr L ap RGNSy Ricline), 4 '““*; ""’Zg”“ EspnebORSdpOkya: by o her
Iromnoal I §| di %&3’&%’&!\%%‘?3&@‘5 SH{ ?\ggy %g %Pyc% | et h)e/r
pent eer yt hr BPOYYCcYdoRaxrpesaiyoxylate)epis- Qiﬁpﬁ oloh exylmethy adipate, and

epoxypr opoxma@zzs.lep oparityl)dtieercetbexane, sorbitol polyglycidyi ether, 5

t t hyr ol

1rénﬁexgﬁgdfﬁ°ﬁaﬁ| ?eat'ﬁ eﬁgorrﬁﬁ&%'? ha(’ ?fbgﬁfeaﬂeﬁhgli%’ﬁ%‘ii% Iﬁfd'yl et her,
phenyl gl yclimi .@nﬁ@pmpaumlmm ic acid

cllgl ychIyl [ombjaThe pelwhbi‘lzdﬂle:cerdpbmlldgiaymg(bg(étaae Iniag ;ndildesd@rcqmm gl yci dyl
et Eef £ R.‘éi Nxetdne? 3-¢th BHérRJleﬁ’ube YHEEAG, ATBd KC' dy!
Lot ek ot

3, 4- epoxycyummmmmemyl)wmmwmmmm@mwm and

> ?sef’f’ééﬁié,m e oAl s i o R
i : als
411' ?532&5” W%Hw%mmvmgbéﬁmgtjﬁwﬂﬂmr EUttHRSx ane

car boxyl at eea,%é\ug»,@e gl ycol - bi s(3, 4- ernycycl ohexanecar boxyl ate),

bi s-(3,4-ep tyl) et her,
cto. (o032 OpE EiY %ﬁ%ﬁ%ﬁ%ﬂé@%‘*“é@ﬁ%ﬁ‘ ééé@%ﬂmne SuRuRegRe

speci fi cal | §xampie visyl-2-ghlarasthbethes yinybnbuty! 95 eb1étor 2 to 4 oxetane rings
can be #edg c%e&ﬂ%ﬁheﬁbmlmlwr&thet,amwglybﬁybehed blsgds ng oxet ane ring

i ncl udes fo

3-ethyl. 3- VH‘S!“%Q’“%&Yﬁ dhoxyiietlgRIHER, e AERLGRBYdiny ether,

SRRl ek T N e

oxet anyhnet hmejlitatel Hﬂs(%&udmtyﬁbutyl)tﬁephﬂlalaté% bls(éviawpky)bmylhdp)\ﬂtalﬁie. and

pent aeryt hr thﬂb ggqgﬁ Yg%ﬁm' %fes av&w.@few%hametr@me ghof 0034] The
igny]

pol ynreréga Vil ‘en g e r f@oﬁg{w@y ipﬁ@w‘é@?ﬁt{ :J?gISIZan

limted arfiVipy nigya
be used. trimethylol propane vinyl ether, trimethylol ethane trivinyl ether, hexanediol
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[ 0035] The pol yneri zabl e conpound having vinyl ether structure includes for
exanpl e vi1ri 31-2-chl oroethyl ether, vinyl-n-butyl ether, 1 ,4- 30

cycl ohexanedi et hanol dtvinyl ether, vinyiglycidyl ether, bis(4-

(vinyl oxynmet hypcycl ohexyl net hyl )gl uterate, trilethyl eneglycol)divinyi
ether, adipic add divlnyi ester, diethylene glycol divinyl ether,

bi s(4vinyl oxy)butyl trinellitate, bls(4-vinyloxy)butyliterephthalate,

bi s(4-vinyl oxy) butyl | sopht hal ate, ethylene glycol divinyl ether, 1

o mer ot Bin cthdhA 451&Hﬁﬁexah€&|6?dmﬁ§l)éhﬁ$Qe@éeﬂ@ﬁén@{ﬁvw divinyi etbeter

e vearibalol Sl IR *@f‘%ﬁ”ﬁ@ ! r.“JI ! ether.’

hexanedi ol [0086) mmeIMpomﬁmawpnm@anw tetraet hyt ene
glycol di V' Hé pSYHEF co %tﬁbhfnﬂéﬂ&yeﬁlwamglfommgecomnimemfm yt hrftol

irivinyig C. 36] . Pol C poI ynmerizabl e
reactive grB’G é"l‘ﬁrév B{’ Pﬁﬂ& M'ﬁwqaﬁgﬁr s@;??f@ggf: B? or m ng
conposi t i oncashpaunds bapnggeﬁpr maRRalyraerizablepeiely % ed so Iong
as it is a Q&iowmé p%tocﬁﬁléﬁfdfpd@niwaﬂw isitetonr or e pol yneri zabl e noi ety

t hat pol yrreioloé &@ﬁ ;ﬁﬁ &gﬁﬁ&&b%fw abweel zation

tiat h th f th
;Ebv'eangrnt.mne@negﬁm@a rfe{rné’ﬁaseﬁma'ggs aFoaPha g 8- BRLERL T ng,
etc. tha@ |§atanib(powetrﬁablequﬂétyrrerl zable noiety. [00381 In the
above- ment | §gelhww\le(ﬂnéntﬂfne&?amufééﬁoﬁ( 2),| Misiaihkingepupconst i tuting a

| b @@ |
b br opy | erEongHR 2 2T EAEDPG:  AlsUSTE oLy SprighpbniBg (0P fcidey S1E 91 0uP
at om ont hesthyleng gruiup ayipoapyienegraphsod thadamvmeﬁoﬁalkwg%gm %1% (f1uorine
atom chl Orh)‘b‘?o mBrPfe&LordhRiErdlips i Subskifietbwith halmrmtambe used. \Wen P

s an a rou derivative nHRednds of

f or mul aIl P" eﬁto&, 8‘:“88? ato. g e%{bwwcr ﬁl C amag- Pase | ymer
compounds. maﬂisanealmemgrcung@r@@emhva/@areﬂf dﬁ? RPYHREEIRPUNCP O g conmpounds
that 20 corfanaRifeon(Q) el denic Rokly bEmethticlic ptidbasecpdlywed ent al cohol or

al i phatic pol vaI nt carboxylic acid, and for exanple organic group

correspondi cI ohexane tdol, cycl on t%<ane tricar ngm pc acid or the
derivative [ﬂOaSb'Bie organic group derived from aliphatic cyclic compounds that

20 coresponds to P is a polymer of aliphatic polyvalent alcohol or aliphatic
polyvalent carboxylic acid, and for example organic group corresponding to
cyclohexane triol, cyclohexane tricarboxylic acid or the derivative thereof
substituted with alkyl group or halogen atom can be used. When P is an
organic group derived from an aliphatic cyciic compound, the polymer

25 compounds of formula (1) or (2) are polyethers or polyesters.

[0040] As the organic group derived from aromatic compounds that corresponds
to P, it can be used an organic group corresponding to a polymer of aromatic
polyvalent alcohol, aromatic polyvalent carboxylic acid, or a novolak resin
obtained by condensation between an aromatic alcohol compound and an

30  aldehyde, or the derivative thereof substituted with alky! group or halogen atom.
When P is an organic group derived from an aromatic compound, the polymer
compounds of formula (1) or (2) are phenol novolaks or naphthalene novolaks.
[0041] Q is a bond that links epoxy ring or oxetane ring pending from the
backbone of these resins, and the bond is a direct bond (single bond) or a linking

35 group. The linking group is a divalent organic group having an ester bond,
ether bond of amide bond, etc.
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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 26
conpounds of formula (1) or (2) are polyethers or polyesters. [0040] As the
organi c group derived fromaromatic conpounds that corresponds to P, it can
be used an organic group corresponding to a polynmer of aromatic polyval ent
al cohol, aromatic pol yval ent carboxylic acid, or a novol ak resin obtained
by condensati on between an aromatic al cohol compound and an 30 al dehyde, or

the defivatt zjf'ﬁ‘é dﬁH@ébfésw.r%n WiioD @Y ather oAt 0oy orfemhidg bondt om ~ Wen P

is an organ rived fro mer
conmpounds o ﬁ‘l’)edc??m(%?gh]ﬁg"g{qgnﬁdpﬂg%pﬁg?@ gr'ﬁﬂgoﬁqh%({l ene

novol aks. [ baskbpne)f thesesivand eprxy ring ok oxetpesing areglinget! %4 ng pendi ng
from the bagjshefewhich theghe b@méd&hroﬁgﬁ atdildnt oanie groub containingtits (si ngl e
bond) orza h‘]kﬁ}gl n 35 group. The linking group Is a divalent organic group
havi ng an e , et her bond or am de bond, etc T bond node
of ester bom4§]M§n)ﬁhe ralyraer aamReupd of the @boyarnast "U@H(p'%""gb%hk nti oned

:Egvgpgiyt :1@ syhthisized, @rwpblymycmbaprwdeed I“;yh ?Q;\;monmew (r)]f w; Ih§hr te?] L 3
are bonded tn%%rﬁfshcﬂgﬁ ﬁtﬂ@p c%gncﬁ{; Lg'eﬁfér of

t t he bl
(0043] WhenTOREMBG: 9 M%éﬁ%yg%% e opmeelid 1 O °(5;
i's synt A®si ingde pﬁesentainmnﬁan CEe dﬁherpwpdlymedzatgie monogersondudessambei ng raw
material s ofy cﬁ'{kﬁ'em’éﬁs‘ abfe suewas BRacHiid Aci@eber, acRembyyisizabl e

nonomner s, I ng_CO n be ymer conpound
in the pr es%‘ﬁq er"ﬁf/@ﬁtq '%ﬁ E‘P i%'@ ﬁﬁ%ﬁ“@ﬁ%%{@% i ncl udes an
addi tion poimlﬁrmdealubleumhwdﬁe awlon&de@nﬂ'@dlk?l i b thigicasedb®r . a nethacrylic
acid ester, (Poﬂiﬁﬁb‘fﬁ@éﬁ%ctu?alGﬁ&Bﬂﬁhﬁﬁlamm(Z)&omleUmﬁanmmmet yrene,

¢ Bl

mal ei m ¢ el c dr acr I ase, the
proport | on é?ﬁahgdr' c?rt%ﬂ% é‘%d ééﬁﬁ%uh? IZ tdrs;t ructural
unit of thel/s, @fcﬁzﬂ ta oA, q!fdilj/tﬂa‘rlﬁzfamaés fas®oner in the obtai ned pol yner
fSSE{ZEQﬂ | Spobids hb%ééﬂ@;é{ﬁfe foledutar Welight Gﬂt&mkdfetahﬂ&dlpolysgser;)atl 0.
e
pol ystyr ene § co'ffr%é%r %}&ﬁ%hﬁpfeefdﬁg t9§8?(§(ﬁf‘ MI e0 1000 to
200000, iﬁwopoo 605@0003,9060Q%t°5?(996@ %fa"%%ﬁ)éftt i&i&fﬁﬁ“ 'Exanpl es of
t hese p&(P ynaimé’&rﬂema@fwowse as follows, [00451
[0045]
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4i * C00-0112 --v7 40H2- 4- CH CH3 4GH2 CO NH OH2'

CO- NH 1-12-- [004n (1 4)

"GCHFEH')- y (3)
Q0-C 2_S7
’('CHz—gH;); (4)

| z—v :
+oH—cH Y-
CO—NH-CH 7
ot
'GCHT'?_)_ * (8)
COO"CHz’_(o7

G

{eH,—Cc—)-
6"CH2'—T7
W

'%CHT"?—%‘ (8)

CO“NH—CHQ—V.?

(8)

(7)

[0046]
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(O049] (0050] <Photopol ynerization initiator> The photopol yneri zation
initiator in the underlayer coating form ng conposition of the present
Invention is not specifically Ilimted so long as it can Initiate the 5

pol ymeri zati on of the polynerizable substance by |ight irradiation.
Compounds that generate an acid (Brons-ted acid or Lewis acid), a base, a
radical or a cation can be used. [0051] For exanple, conpounds that can
generate an active radical by light irradiation and cause radi cal

pol ynmeri zati on,of the polymnerizable conpound, that is, photo-radical
polynerizatiOﬁGChhtrG , and conpounds, that can generate a 5 cation
speci es such as a pré i d a carbbn cation, etc. by |ight
irradiation and causg catt oh p merization of the pol yner conmpound and the
pol yrmer conpoug@ havmg'r ol ynedzabl e group, that is, photo-cationic

pol ymeri zati on -3— and t he |Ik?1 ﬁ be nentioned, [0062] Light
irradiation can be pepios gse of "I g't havi ng a wavel ength of 10 150
nmto 1000 nm or 193 nmto 70 nn1 or 300 nmto 600 nm And, the

-(—0H2—0H+
EO—NH- cnz—Co (11)
CH—3)_
"GCHQ_"C
$00-CH, ——Co (12)

for—)-
CHz"’C
O—CHy _<>0 (13)

CH3

14



foll owi ng photopotynerizatlon initiators are preferably used: the

phot o-radi cal polynerization initiator that generates an active radical, or
t he photo-cationic polynerization initiator that generates a cation species
at an exposure value of 1 to 2000 m/cn2, or 10 to 1500 m.1/cma, or 50 to
1000 m 11cnR. 15 [0053] The photo-radical polynerization initiator Includes
for exanple imdazol e conpounds, diazo conpounds, bisim dazole conpounds,
N-aryl gl yci ne conpounds, organi c azide compounds, titanocene compounds,

ai um nat e conpounds organi ¢ peroxi des, N al koxypyridinium salt conpounds,

and t hi oxant hoe nds, etc. The azi de conpounds include p- 20
azi debenzal de &% deacatophepg p- azi debenzoi c acid, p-
azi debenzal acet ophen ~-dia echalcone 4, 4-di azi dedi phenyi 5ul fi de,

and 2, 6-bis(4'- a2|debeﬁ§al £ 4- met hyl cycl ohexanone, etc The dl azo conpounds
i ncl ude 1-di azo- 2, 5-dl et hoxy-4-P-tolyi nercapt oberi zene borofl uori de,

1-di azo-4- N, Ml pet rni nobenzene chloride, and 1-diazo-4-N N 25
ci |l et hyl am nob e rofluoride, etc. The bi si m dazol e conmpounds i ncl ude
2, 2- bi s( o-chl or ophenyghch-8H4- etraKFéXB 4,5-trimet hoxyphenyl)1, 2-

bi si m dazol e, and

2,2 -bis(o-ohl of gplemyd) -4, 5, 4", 5-tetraphenyl-1, 2'-bi si m dazole, etc. The
titanocene co Cl ude dicyclé¥¥qad|enyk|tanlun}dlchlorlde

di cycl opent adi enyl at't nleﬁ}bls enyl

dlcyclopentadlanyl-tl anlu (213, 4 5,6- 30 pentafl uorophenyl),

di cycl opent adi enyl - um br's(2, 3,5, 64etraf |l u010phenyi ),

di cycl opent adl titt m hi s(2, 4, 6- tr| tggrophenyl)

di cycl opent adi enyl t lxﬁa i n}bIS(Z 6-clifl UOrophenyl)
dlcyclopentadlenyl-tlt Gz di f 1 uorophenyl),
bls(nethylcyclopentadlenyt) titantunabi s(2, 3, 4,5, 6- pentafl uorophenyl),
bi s(met hyl cycl oPent adi enyl ) 4f t ani un4) 1s(2, 3,5, 6- 35 tetrafl uorophenyo,
bi s( et hyl cycl ngath gnyl) -titani Orn-bi s(2, 64i fluOrOphenyl), and

di cycl opent adi ni um bi s(2,Q-gh f1u0Or0-3-(1H pyrrol -1-yl)-phenyl),
etc. [00 4] The photgyy adi polynerlzatlon initiator also includes
1, 3- dl(tertbutyldloxycanon enzophenone,

3,3 ,4,4" -tetrakis(tertbutyl di oxycarbonyi)benzophenone,

3-pheny|-54soox 0T, |\ 2- mer capt obenzi m dazol e,

2, 2-di met hoxy- 1\ 2= dhpHhenyl et hane- 1-one, 1 -hydroxy- 5

cycl ohexyl - phenyl - ket —~M), 2- @zyl-(zeﬁ? met hyl am no- 1- ( 4-

nmor phol i nopheny1l) - butane etc. 10855] The photo-cationic polynerization
initiator Inclu es nlc add esters sul f oni m de conpounds,

disulfonyldla onpounds zkﬁxl 4- hydroxysutfoniumsalts,
p-r est i

aryl sul fonic acid- si | anol -al um num 10 conpl ex,
(0- benzene) ( 0- cyclope nyp %n (I'1), etc. [00561 The sul foni m de
conpounds i ncl udg
N- (nonaf | uor o-
N- (i canphorsul fo yIO'\Q'UCC|n|n1d

N(trifluoronet hanesul f6 P Ilnlde, etc. 15 [0051 The

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

bi s(trifluqgpegmt hyl sul i oni um di azonet hane,

bi s( Cycl ohexyl sul fonyl ) di azonet hari e, bl s(phenyl sul f onypdi azonet hane, p-

e anple N(trifluoronethanesul fonyl oxy) succi ni m de,
* ¢ f onyl oxy) SUCCI n(Jzn%je
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t ol uenesul f onyl ) di azonet hane,

bi s(2, 4-di rnet hyl benzenesul f onyl } di azonet hane, and

met hyl sui f onyl - p-t ol uenesul f onyl di azonet hane, etc. 20 (0058] The

phot o-cationic polynerization initiator also includes 2-

met hyl t hi ophenyl) - 2- nor phol i nopr oPane-1-one. [00591 In addition, aromatic
| odoni um salt conpounds, aromatic suifoniumsalt conpound, aromatic

di azoni um salt conpounds, aromatic phosphonium salt conpounds, triazine
conpounds and iron arena conpl ex conpounds, etc. can 25 be used as both the
phot o-r adi cal riNgation initiator and the photo-cationic

pol ynmeri zation\rnit r. P3060] Th omati c i odonium salt conpounds

i ncl ude dl phenyl i odoni Iuorogﬁggphate, di phenyl i odoni um

trifluorometh nat e, odi phenyl i odoni um nanof i uor o- n- but ane sul f onat e,
di phenyl.i odoni 0-n- 30 octane sul fonate, diphenyliodoni um canphor
sul fonate, bis(4-ter I$henyC10don(mﬁicanphor sul fonate and

bi s(44ed- but yl phenyl) fl uoronet hane sul fonate, etc. [0061] The
aromati c sul fopi um conpou i nclude for exanple triphenyisulfonium
hexat i ti or oant{HER ri phenyi sut f oni um nonaf |l uoron- 35 | out anesut f onat e,
tri phenyi sul fani um ca h@ﬁ sui f onat l28d tri phenyt sui f oni um
trifluoronmethane sul fonha . [0062] In the underiayer coating form ng
conposi tion oﬂ{ggﬁ? |nvent|on t he photopol ynerization initiator can
be used sol el |nat|on of twpga@y nore kinds. (0063] The content
of the polynerizable s NAIRCH, t he phot opol ynerization 5 initiator in

t he underl ayer coating fornlng osition of the present invention is as
foll ows. The content of the photopolynerization initiator is for exanple 1
to 20 mass par @b 10 mass parts based on 100 mass parts of the

pol ymeri zabl e §GB When t he conggent of the photopol ynedzati on
Initiator is |less than | limt, the polynerization does not proceed
10 sufficiently, the rdfies nd wear resistance of the underlayer coating
often becone [ 0] . When the content of the photopol ynedzation
initiator reth t he upper imt, (haydening occurs only at the
vicinity of the surfacéOﬂ*Q Iayer coating, and thus it often

beconmes difficu}t o e conpletely to the Inside of the underlays(
coating. 16 [0

he conpound qﬁylng et hyienically unsaturated bond
bei ng radi cal q¢ﬁ*nn <Hd as a pol yneri zabl e substance in
t he underl ayer coatlng 05|t|on of the present invention, the
phot o- r adi cal tion initiator is preferably used as a
photopolynerlza ator. Wen the caygound having vinyl ether

structure, epoxy ring OQNﬁLénz

[0049]
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20 being cationic poiynerizable noiety is used as a polynerizable

subst ance, the photo-cationic polynerization initiator is preferably used
as a photopol ynerization initiator. [0066] The underl ayer coating form ng
conposition of the present invention can contain in addition to the
above-nenti oned pol yneri zabl e substance and 25 phot opol yneri zati on
initiator, surfactants, sensitizers, am ne conpounds, polyner conpounds,
anti oxi dants, heat polynerization inhibitors, surface nodifiers and

def oaners, etc, if necessary. [00661 The addition of the surfactants can

lead to |nh|b| #ﬁ@ ccurrence of pinholes or striation, etc., and to
i npr ovenent I cation prﬁfgfty of the 30 underlayer coatlng

form ng conp05|t|on tre, acta I ncl ude for exanple, polyoxyethyl ene
al kyl ether conpounds such tas pol yoxyet hyl ene butyl ether, polyoxyethyl ene
stearyl ether yet hyl ene ol eyl ether, polyoxyethylene al kyl aryl
et her conpoun S pouyoxyethylegg)octyl phenol ether and
polyoxyethylene nemt , etc., 36
pol yoxyet hyl e propyl e bl ock copolyner conpounds, sorbitan fatty
acid ester coﬁ% h as sorbltgg)nvnolaurate sorbitan nonopal mtate,
sor bi tan nonostearat e ;ﬁn nDnooIeate sorbitan triol eate and
sorfaltan tristearate, et c. ol yoxyet hyl ene sorbitan fatty acid ester
conmpounds suc xyethylene sor bi tan nonol aur ate, pol yoxyet hyl ene
sorbltan nono Intt ﬁﬁ? ¥@§ hyi ed@43or bi t an rnonos-tearate and
pol yoxyet hyl ene sor bi te 5 etc. The surfactants al so include
fluorine based surfactants e. trade nane: EFTOP EF301, EF303, EF352
(manuf act ur ed “%T , trade name: MEGAFAC F171, F173, R-08, R40
(manuf act ur ed pon k anq ghentcals Inc.), trade nanme: FLUORAD
FC430, FC431 (nanufac Hgd«ggbs onn BMLimted), trade nane: ASAH GUARD
A071 O, SURFLON S-382, 10 SG101, SC102, SC103, 8C104, 8C105, SC106
(manuf act ur ed oy i ass Co., Ltd.); and organosil oxane pol yner KP341
(manuf act ured by tsu Chenmical GQgy Ltd.), etc. Wen the surfactant is
used, the added annun Oﬁk‘@ﬂa le 0.1 to 5 mass parts or 0.5 to 2 nass
parts based o parts of the polynerizabl e substance. 15 [0087] The
sensitizers ca ﬁ§%§“ln order tocdpcrease the sensitivity of the

CH>

/ ot
'€°H2 -E (40)
é‘é—on—Q

[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 (Brensted acid or Lewis acid), a base, a radical or a cation
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phot opol ynedzation Initiator to light. The sensitizers Include for exanple
pyrromnmet hene conpl ex conpounds such as 2,8-diethyl-1, 3,5, 7, 8- pent anet hyl
pyrronet hene- BF2 conplex and 1, 3,5, 7, 8- pent anet hyl pyrromnmet hene- 8F2

conpl ex, etc., xanthene type coloring matters such as eosin, ethyleosin, 20
erythrosin, fluorescein and rose bengal, etc., ketothiazorine conpounds
such as 1-(1-rnethyl naphtho[ 1, 2-dlthiazol e-2(1H)-ylidene

1-(2, 3,8, 7)tetrahydro-1H, 5H benzolili qui nolidi ne-9-y1l)-3-but ene- 2-one,

1- (3- et hyl bgpgetibdfzol e- 2( 3H) -

ylidene-4- (p- d.oet hyl am, n -3s a icaB by light or

phenyl but at EQ°3H£F°fh%PE}P6%§§\%§‘Y'§:")Sr‘rﬁ%%Q?Bgeéﬁ&%gg%ﬁgﬁ%%{nﬂ QH%tn tyryl)-
26 napht ho[ iraglialipn and gavse radical polymerization of the polyme )

2444p- di met Ry bastbRadbe polmelizRidaunitiztorsnahd cemppeundp that 2ae ppReTRleAl e, etc. In
addi tiong 2, 4:di - Q- i i cafiors etc. by iligit ne,

2, 4-dl phgnyfté?_ %@g@é&;& é{)ggwéiﬁhgﬂgwﬁ?gﬁ&*&% Wozﬁﬂg?ﬁd fiey1) - 1- et hene
-211) - 1, 3, 5Hradigtion nd Fawse,qation polymerization of the polymer Compouli®

(([ 2, 3, 6, 71p6lymahysimpetird, Kevinggolyorerizable grip, thahis. phado-salidizne2- 1Dket One and

f’otz’ﬁlbiSl(Eafghﬁﬁmﬁ%}i&e&lEﬁtﬁg%'uk@lea?bsmnﬂmanone, 5, _12_, 15,20
et r aphenyl po LN, ._can be , rofl s used,
the added a ﬂ'ﬂb{l‘f'réﬁ'ag%m Qﬁrﬁsﬁ%h gg%rgreagMP ﬁﬁgoggﬂgélohgt?ooé Mmass
parts ofl0t hd5patmytoeiond an, er $9hamin 80 ningos3A0 Ao §RY AR cg‘ﬂﬂ'otﬁﬁds can be
_uschaplbi [1 or d?é"m%"ﬁ‘g'cﬁ'ﬁm“t "ﬁlmdmﬁ_ﬂaﬁ)rs%e_ wteiablyws'e' ;l:tgeehot_o-rgdipglen .
i nhibition o & phot.o. - . gienpounds,
several ami nglyg@%&mdglﬁéiagﬁgg@%ﬁ%%éﬁhéﬁ%&g '{rillga I:A?Oth gﬂw&ﬂc’ g pmatic
am ne conpopomerization initiatopthat gangrateda FAHMSPRHER A eﬂﬁw{%ﬂﬁe ‘ﬁs&geused, t he
?ﬂdEd ftrrounio'zood@wcﬁﬁ,admloao@soo nd/chdf, m&ﬁstoplgkﬂﬂmaMeg onlbllowo;sdpartzl of
e po r D it nd enabl es
the bontrol I3 Ipg idiodaaEal pohAieReatoninNi: Mobidpe(ch ehatiiple

, . f and |ight

absor bi ng peepeends, diago cem sybisiay %@Eﬁ%@b{ﬁ%ﬁﬂ%%&@&'_ rom It%e
under | ayer m&miorgmmmmouhdmﬁmwmﬂs»i%m%n. For
exanpl e, th MQS:SH BRIa I erGAIBRONRNX) @I gurR @Ak eorepournts, enabl e an
| nRGyitls, BRafiCT ting to ArF
exc! et | as SO pRTERUnE A5 b3 P aries hpblifudiftieds aY €L SO0 N9 LO 11
use of 38l yaeidebenralishyde, peazidencaigphennieepezidehgnzolc %‘Fﬁﬁf acene ring can
enabl e an | Eiigﬁﬁéﬁaid&eic{ibﬁehéﬂﬂK,Mi&@iﬂbéﬁﬁbquepﬂdf-diaﬁdédipfzﬂly%ifﬁiga%/ﬁr

t to Krk.e r_laser n e
polymer conpbiadizazpabezal b RIGaAghonS ¢, “Z‘eﬁe“‘i’)‘ghi 206
mol ecul ar webmpouridsinciuderd-diszo2 &figthody-do-irpPEAR bngegsg)'g o@é% 'to 15
1000000 can 1hfaxse8 Nidiiomylammobbhzerieathiaridet and hdiakpdN.N=or exanpl e,
acryl at %pogygf@gﬁmggé%ﬁ[a%%nﬁom BHET The BRdiAldakold ebipbiirsis intlydene

Donere’ 1R eharanenil b3 5 eRHGLEP I RROAAIREL T T oee T,
bisimidazole, and 2,2"-bis(o-chlorophenyl)-4,5,4',5 etraphenyl-1,2™-bisimidazole,
etc. The titanocene compounds include dicyclopentadienyl—titanium-dichloride,
dicyclopentadienyl-titanium-bisphenyl, dicyclopentadienyl-titanium-bis(z,3.4,5,6-

30 pentafluorophenyl), dicyclopentadienyl—titanium-bis(2.3.5-,6-tetraﬂuorophenyl),
dicyclopentadienyl—titanium-bis(2,4.6—triﬂuoropheny|), dicyclopentadienyl-
titanium-bis(2,6-diflucrophenyl), dicyclopentadienyl-titanium-bis(2,4-
difluorophenyl), bis(methYIcyclopentadienyl)-titanium-bis(z,3,4.5,6-
pentafluoropheny), bis(methylcyclopentadienyl)-titanium-bis(2.3.5,6-

36 tetrafluorophenyl), bis(methwcyclopentadienyl)-titanium-bis(z,6-diﬂuorophenyl),
and dicyclopenmdienyl-titanium-bis(z,6-diﬂuoro-3-(1 H-pyrrol-1-yl)-phenyl), ete.
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[0071] The pol ymer conpounds excellent in |ight absorbing property that are
20 used for anti-refiective coatings being an underlayer of photoresists in
the |ithography process of the manufacture of sem conductor devices can be
al so used. The use of such pol ymer conpounds can enable an increase in
performances as anti-reflective coatings of the underiayer coatings forned
fromthe underlayer coating form ng conposition of the present invention.
[0072] When the polymer conpound is used, the added ampunt is for exanple
0,1 to 50 NnHOS4PTe phdiesmdicadpolp@erization initateralssfincludesybB-wittart-zabi e

substance. [ a%%:Zﬂﬂ&{igﬁb{éﬁorﬁpabi,lﬂ,ﬂ'-téﬁélﬂ%'(@t-CO”'POSi tion of the present

i nvention is prefer se n a spluyti St i ch each conponent

( her ei naf t ePutyldioxy BH%{QZOH@%TCI"&- g’BH?@E’E”'ﬁoo%fod‘#@s\glgved in a solvent. As

the sol vent meeaptobehzimitagolea?,23timptboxsa-dighendethagetnes dthydiX¥- can

di ssol vest hé\joﬁﬂe;(ﬁ-ﬁ,e S@iche! Shdi2-¥enZyl-bimaapeai-s@-uti on. The sol vents

i ncl ude for_‘ex rrP e. et yéetge %I%/col rnononet hyl ether, ethylene glycol

nonoet hyl eWﬁE’%P"FﬁPPﬁW RUAIQ T ve acetate, ethyl cellosolye acetat e,

di et hyl ene EOFEbThenphasorsatiopic mlmr!zati%mﬁiyi%HJ‘@W@B@%‘?&!‘!P&?P' et her,

propyl ?Rel ggk){df?ﬁlmid@%ﬁ@gém, @kmwdmﬂ:uehriwbomp;‘:ﬂﬂagﬂkﬁfgay!uenet g: ycol

ronomet hy %ﬁﬁ ' galtd% ME ad ﬁ?ﬁ’i roli¥ téi! dilBholafiGhimum tol uene,
y e

xyl ene, t one, °c opent.danqne ohexanone, et hyl
2- hydr o>1<(§/T|Eor %Plﬂﬁ’ét(ﬁf?'béﬂm)(25ﬁ§‘g??éj§@éﬁ?@{’?f§/pg'r?c}ﬁ'i onate, ethyl
et hoxyacet ajoe5s6ETHwsulfopichidegampumds indudelfgl exammalNoxy - 3- net hyl but anoat e,
methyl 3 MeARRISKRNARR RSB Ukciini®E, NyReRsmRkeRat e, ethyl 3-
et hoxypr opi bnate, . ne 3-.e X opi on oVl d _et hyl
pyr uvat e, @@?P@ﬁ“"ﬁ‘&@?’é&%’@mh&'@@ﬁﬁ'&% E?M%ﬁéé?'gﬁdy%{yl | act at e,
N- di net hy| f @nifluendroethanesutioniaxynapbibelimidaestcdi r net hyl sul f oxi de and
N- x_t hylpyr foek isffoyldiBRenEthans wnpstlumyndumﬁfsmmlebl y or in .
conbi nati on_.of .1 wo or I vents having a boiling point o
to 250C, opbfi@ upw%{%ul@p"ﬁﬂ@i;%rxéﬁaﬁaare pké{y?r ab{)l\é ﬁ%ed. \Vhen the
boi i ng poi bis(cpsiohenrisyienybdiazorgethane, hig(ahenylsuifeyNdisgonetiane: RiF@d | ower
i mI t, the Mmﬁéélﬂﬁhylm?azbli'nwdn%r un(m%membmmmmamme}tmet he
application ] @onposi tion often causes an
I ncreasg, i nar&f@%ﬁggspl{f/&gﬁ&tﬂgﬁefg?@y@% Eﬂpﬁ@g&%i@nd%perty. When t he
boi | i ng”poi 19958k Thertialesratianic M'Fﬁiéﬁ?q‘\ PGSt i oned upper linit,
i s assuned memquqprrenya-z-mqghbinoprdpapefirgﬁmg after the application of the
under | ayer [kﬁs%ﬁta'daﬁi 6,04rBinatc BATMOM alt @BmpdiaRiss Bloreiic sulionitre sated in an
anmount so that a sof)l apnt ent 'ﬂ t he H%ertﬁ%gir P§9?r5“dj'8"595'm ng
conposi t i orFARRPUSE. Frgmalic diggpriurg sitegmMpguds, almalle 0 mass% or 10 to
30 mass% compounds, triazine compounds and iron arene complex compounds, etc. can
25 pe used as both the photo-radical polymerization initiator and the photo-cationic
polymerization initiator.
[0060] The aromatic iodonium salt compounds include diphenyliodonium
hexafluorophosphate, diphenyliodonium trifluoromethane sulfonate,
diphenyliodonium nanofluoro-n-butane sulfonate, diphenyliodonium perfluoro-n-
80  octane sulfonate, diphenyliodonium camphor sulfonate, bis(4-tert-
butylphenyl)iodonium camphor sulfonate and bis(4-tert-butylphenyl)iodonium
trifluoromethane sulfonate, etc.
{0061] The aromatic sulfonium salt compound include for example
triphenylsulfonium hexafluoroantimonate, triphenylsulfonium nonafluoron-
36 putanesulfonate, triphenylsulfonium camphor sulfonate and triphenylsulfonium

triffuoromethane sulfonate, etc.
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[00741 Hereinafter, the use of the underlayer coating form ng conposition
of the present invention is explained, 20 (00781 The underl ayer coati ng
form ng conposition of the present invention is coated by a suitable
coating nethod, for exanple, with a spinner, a caster or the like, onto a
sem conductor substrate (for exanple silicon/sificon dioxide coated
substrate, silicon wafer substrate, silicon nitride substrate, gl ass
substrate, |1 TO substrate, polylnkie substrate and | owk naterial - coated
substrate, Qousz] Irt the undexia?Br conting forining coomiositign offthemregent ipvention| i ght

i rradiationg, o’Wné?szﬁtﬁ?iﬁmSﬁ:FcQ?b@ﬁééﬂd@ﬂor infconfiREsRbMwolren the

underi ayer c k orm ng conposition containing a solvent is used, it is
preferabl e f¥r 3 m a dryi ng process. L00761 The drying process |Is not
speci fical | ioaeialri'hedonmntlaﬁtl@ polyrherizablagubstaaceransiihe ehplopelyipEzationn ot

carried 6ut irfidrif tHe RHeRAsyer EBating SRy aathgositioni of tiRspres@nt ik@ntidrals heat i ng

Subli mtt onSRIOTPRS: < Frd PHieri PETB RofpbiRREAicH iRt Sk oBplP & °h bes
pol | utes t h&0 amsapaitssed to 1hmags patapased oasld mswftﬁ@fm med by for

exanpl e heabolpmeﬂzwl@sab's@dmatmentm oPfBt bbthe Phdtopolyf@rizationt es on a hot

Fleﬁi):ra-rh?e %&%‘éégﬁgﬁ&gﬁgﬁggﬁ iﬁg § lﬁiﬁtﬂl rr gb{apr N atemtg(r)?ed to
by 2alibg.ote

t he appl’l eds'JB%lQ“ththelmfd'leﬁéaPi’ year reﬁkstaaa? 8& hgyinderiayeReoatitd oMeln pe used

wi t hout anybéwmé insufficiersto Nmthscoment@httmcnhotqnolymnaaﬁmanﬂem Isoned

phot opol yne %éﬂ@é ik ﬁ&%&f&&%aé a%&wm@%rwsmoéaa
P i ot o b e B e R Sad RRPBBEEPY, 2, L

nmto 600 nthe ilstdethe'phéerlayaecciatigm |rrad| ation can be perfornmed with an

:J| trahi Q‘lﬂ P[o?8 eﬁﬁﬁéwrﬁpdu%%avﬂgfat ﬁém:ra&dhioﬂb barngsadica rrerlcury
amp, a | ow. pressur arc | anp,
a short arcP ﬁﬂ" gqﬁ"&l? i 9359?#@ |on xenon fl ash
| anp, etc. mﬁnemgacowaﬂoﬂr@mwwaﬁ@ f%%‘l s to used,

11 adi at | onprhBridatioh inietomb pleterably aen gt b photogblymefizationdiitiator. 250 nr 't o

650 nm i ncI %’lﬂiéf | ength as
peaks: % 9 BH%&%%{%&% R@%&HQ I - ébP&& 36? nm (W ne)
bel ongi g t'éelm P?WCO‘P@(""?'?Q noigtyds ugest 9§ %P‘? - |ne) 546
rimand 579phbtm-baiamttgpdﬂgneﬂzaﬁoaldﬁaﬁomapref@gblwsedaas be perfor rred 15 P3078]

The |i ght '6@&?%\ dihe formation of cation species active radials
fromthe pho rrerlzatlon at or ied c d thereby
t he pol yn”eri°9 \dpdeyl ﬁ@'ﬁBPﬁ‘?%{?W'EQGP@pgﬂg%q gﬁﬁ% Pf??e{‘ﬂa"%lﬁﬁf‘ cgg coati ng
occurs. AS contais inl additiont th ¢hepathomermentioned polymerizatde substancedidi ng i s f or med.
The drfeszﬁ tzl héﬂtmkﬁﬁérfz%tﬁén ﬁﬂ%&drnfhrf&%%@%ﬁsﬁwem aﬁmiél&sdmpdw‘\dsn 2 sol ;/ﬁnlt

used for oLores! st .CoNROSLL 10 I e, ethylene
gl ycol n’ort%‘ﬁ%’f' RYfa @%q]eggg?wﬁg%%agi?éﬁ&rbugws ene gl ycol
mononet hy| Bedigers @dd@ﬁmsgtycﬁnewyl ene gl ycol m)norret hyl et her,
propyl ene ﬁm 61 THRAWitALdT e Surfietantcaindbsd tonnmpmbnoeogiuymnbepf opyl et her

acetat e, @ﬁsa?r”s‘?ﬁ{t{ ﬁfch%'nggé" Sverfieh '_irP{ﬁ%% ééf f the
zzacg%/g[ gé(‘ypr ﬁ'?rlaxﬁjmemgaor@mmompgggg )é ! G\éﬂ@t aﬁlé 6 'HtB' gLeEt hoxy

Therefore, miydxpstagiane ul@mmemmpwnadsm aswolyoxgethiyiane laurgl@thierg f or i ng
conposi ti ory o BiivIBhE SRIAHyI INEF Bhd PBly8 efifiensVi&)i Binkr,Wd.h the photoresi st
polyoxyethylene alkyl aryl ether compounds such as polyoxyethylene octyl

phenol ether and polyoxyethylene nonyl phenol ether, etc.,
36 polyoxyethylene/polyoxypropylene block copolymer compounds, sorbitan fatty
acld ester compounds such as sorbitan monolaurate, sorbitan monopalmitate,
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[ 00791 The underl ayer coating form ng conposition of the present invention
can 30 be applied on a sem conductor having holes of an aspect ratio shown
in height/diameter of 1 or nore, for exanple 1 to 10, or 2 to 5 as shown in
Fig. 1. And, the underlayer coating form ng conposition of the present
i nvention can be used for filling the holes without gap (void) with an
under | ayer coating. The underl ayer coating form ng conposition of the
present invention can be also 35 applied on a sem conductor substrate

havi |t ng hol eg, rﬁﬁé’}ﬁnﬁﬁ&‘?@émﬁaférﬁltéﬁ ménwleawrs%rﬁ@nwﬂeateadd sibltary ( ?hsulbs'; rate
cont ai ni n a vin ens in

Furt her, g s{)?ﬁfi’é? |e§?feP&$%%{F¥%x'§"? 3?@%%% r?ﬁos i gi!br%}%eshu% §§? Y

i nvention cmiyd)qeths{bdefsomltammmn'gll@tﬁ. ipalyoxyeiindangse pg(’f‘ % Substrate
on whi ch sugh ek Soiditss Ridhostearatd ahdmmyobct'ewane wammnstaamw tion, the

Paei
used ol < ?%a Tl FRTRRAb A0 ocked oS eé?'?%ﬁ"%*’ﬁ%‘sia{‘hiﬁ 5

S
and a seni cERBAEEFR30AEFIHP, Eﬁ@@%ﬂ'ﬂ%ﬁéﬁmﬁi’f’ﬁém"?ﬁ‘ aﬁa(!ﬁs %d also for a
seni conduct PEGAPACETTI) FATE\R08,4R-30 mendfactuteidky. D4I0ipsa] Inkmdunder | ayer

coat i ng f or BRg.l LR UAIERNEYPIORRE F0ded, FOloImanametisd g of the

present i nvéntl on has

to 1000 nm Seniteo M s hé’m%é%*?l&%@%??ﬁ%@ OB Next: =

phot or ed? st SC$0f, @CHO2, 86103,SCGN04eECA0% SCEB (Magufacirestly A$AN {P1as§ | ani nat e
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nol ecul & cermmmdﬂubresbemsandmim'@ahietq .thetqimamine CARWPOLRGS RIEHSS t he
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phot oresi st_ con 0t oa iﬂfg ing a group
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and a | ow nylidenerﬁ-e(p-dmetbulanﬂ'lqmenﬁ) B-buteaednpnss 8- iYW An add and i ncreases
the al kal i f;m ﬁ%éfbc?élicfcbﬁlpﬁb@dﬂmlastz-(pﬁﬂmeﬂwmh@tvwm-?de nam; )
APEX- E ggnu ur, S C_:gﬂ;g ﬂ% manuf act ure y
30 Sumi t omo™ @gﬁ%@mb {?’-(p Wa’ﬁ"‘{’ rrgﬂ‘ :é -Bﬁlgggz#gnuf actured by
Shi n- Et su Craphthalt, 2atthiazolegete. ataddition; 2. 4diRhanvisRrent i oned. (0083
SUbi equent | gimethyRPSiH6StyiyD-1,3,5Miazire, Qaardlpmybm(([z BWah\llthoédEﬂé'; m ned N,
mas For t 4= vel ength of 248 n
ArF exci ner@?%&%fq?‘mg'&&g?m?”?gwﬁ* ?} % XCI kI f58'a ntaeam
(wavel engt H([2,3,8, 7]tetrahydro-1H,5H-benzofijjquinolidine-9-yl)-1-ethene- -yl) e

2,5-bis(p-dimethytaminocinnamylidene)cyclopentanone, 5, 10,15,20-

tetraphenylporphyrin, etc. can be mentioned. When the sensitizer is used, the

added amount is for example 0.1 to 20 mass parts based on 100 mass parts of

the polymerizable substance.

[0068] The amine compounds can be used in 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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35 157 nm, may be used. If necessary, a post exposure bake may be
performed after being exposed to light. The post exposure bake is conducted
by suitably selecting fromheating tenperature of 70 to 150 C, and a
heating time of 0.3 to 10 mnutes. [0084] In the next phase, devel opnent is
carried out by using a devel oper. For exanple, in case where a positive
type photoresist is used, the devel opnent results in renoval of exposed
part of the photoresist and form ng of photoresist pattern. [0086] The

devel oper feémﬁaﬁidelraﬁta'a%matwnm@éomeéumaéml@wd%unwmums sol ution
e.g., an aqueous solu ssi um
hygr oxi de, q@'(’)"m "bsggbtpglah@eq ?rﬂgﬁtﬁ @ggﬁﬂgpuﬁpgn r@?s guat ernary
anmmoni um hyba@diQIE‘lQﬂthSamftséﬁﬁm BARSRYT oxi de,

gﬁéLagts héltﬁ [0VeB] T haeisfané gﬂ éﬂtfdmmml‘enhllﬂes thekbntrdrufhmfraamaaaé index,sol uti on
Addi tional | gﬂ%”%ﬂ#'gg?ﬂ‘{'@ﬂc%’ﬁ’ HFa cfgkgeq ’Eﬁg}ag}eccg tﬂéu |r¥§ coqdl tion in
whi ch devel egatid formeddemthend P%aYﬂuP??iE‘g 'I'%EQ'EEPSF Brﬂ Hmc @at ure
rangi ng f r oimvéntion. tBoEé)@nwlsj the use ofpolynreg cbmourﬁishwmgsaenzmﬁm nmoss]
Then, the refp g.?absl r a[;%:awﬂmg%w %idgrmosaﬁ, RIS ek IBgeroatifg

sem conduct or i)glq? ﬁgfm‘ﬁ)‘ﬂg&%é‘ﬁﬁ\?gﬁ t%ﬁren

formed as SHeey
under | ay@r use afcpuymnr@dmpbunnsglavtngymaph&memg ring on sethesicege ¢ag catic h as

tet raf | uor ogpiiaeircidae .@@.emgmfa{usewﬁbpw &MiRe (I¥kTBYer daatihg tor opr opane
(C3F4, trif ane, carbon .np argon, oxygen, nitrogen, sulfur
hexaf | uori dlé Jeﬂg?ﬁ{%ﬁ@ﬁgavﬂ?qqtlﬁgé% ﬁ)'l fluoride, and chlori ne

trifluori def00ZBHAS thegolysmeseampotndsheevers eplyrpes compatindsdravieg aweight he
formati on ojvetagiinbRellatWERhE(A REMObS @anwdpdmmnepeﬂamgt 000 ta phot or esi et
on a. sems COfHiohAloa3 HRRELANRhout Bnk AAR4or 8 tRShA! For eRAmBIR! beryld ect i ve

coating |ay ng %g ot oresi st. 0 e undertayer
coating of Rolgmemsemethaciyiaie pelymats, PRIV l%’@f‘%w@ﬂﬁ?'ng conposi tion
i s not specpdlyamides, ﬁdyamedcidamdlyamm@ommmmsgbenmedﬁm be used. For
ottt ol ecta.adv“ré“ﬂé'giwg fifon aﬁ‘?‘n’?%%'% %}iﬁ"gﬂg‘é‘ﬁ?? qugag '#g% Qysed in the
i t hogr aphyl987 HcE&sPRlTHeF qamp Wndﬁ' £R% '"9&" fwith a

spi nner 2br useddeltmti-reﬂactwb@baﬁt@s bbing amuriderlayaref phateresista indle conposi ti on
'Cg% ggﬁg fgf ?6& a8 d?%tﬂhﬂ&fgﬁgézcgn%hﬂc{hammiﬁ&s%ahlb@ﬁseﬁfz0; blr ng.
having a | | ‘BPB‘? HBSL&LQB&"'["HFBW%U'& éiﬁb%oaﬁgﬁ&ga%)@gsl i nki ng ent
and 85 a smw@manmmraﬂmmca@ma.oﬁtt@mnygﬂwgoetmgﬁw §IPbi ng
gg%gﬁggg S%Shﬁgéﬂldyérbé&inggﬁﬂﬁngﬂ@dinﬁomn\mme mdemmwentkim alP ni ng afbrﬁlg n
property ar@n?ﬂﬁ %ﬁt‘é%gﬁﬁ% g&ﬁ#&w& 'Qgﬁ&gwl -ref Lﬂ\lt e é’%ﬁ?ﬂg

conposi t i orP. iy 5@ mmsaiparta hasad on 1A¥hPaseRart s%fr#‘%EPM"‘ﬁE’r?QYeaf@?s onent, a
t heol ogy cqod73]l The anderizyer caating Irarriing@mpdsutimacwmr;sanmwengm isabsor bi ng

f?Sﬁ?”Q?Spﬁﬁ*?*es %’é”dv'ﬁ?ﬂc \Hof o8 inWHATRRY gé%*’ﬂ‘? Heruirianghrepg pt i on Tor
phot osensi ttP P& iQi qq@e dasPlentt A E quytsﬁévegﬂgfar} efl ective
coat i ng30 artsb vgeel aser éwmeésompts&aheilsmlybdheaehd:@mm&sgwmnzot riazol e
conpounds, g, LRTBEIESSiutidh2P thd 8bK8fts include for example ethylene glycol

monomethyl! ether, ethylene glycol monoethyl ether, methyl cellosolve acetate,

ethyl cellosolve acetate, diethylene glycol monomethyl ether, diethylene glycol

monoethyl ether, propylene glycol, propylene glycol monomethyl ether,

35 propylene glycol monomethy! ether acetate, propylens glycol propyl ether
acetate, toluene, xylene, methyl ethyl ketone, cyclopentanone, cyclohexanone,



conpounds, ant hracene conpounds, anthraqui none conpounds, triazine 10
conpounds, and the like. The resins Include polyesters, polyimdes,

pol ystyrenes, novol ak resins, polyac.etals, acrylic polyners, and the like.
The resins having a |ight absorbing group through chem cal bond include
resins having a |ight absorbing aromatic ring structure such as anthracene
ri ng,  napht hal ene ring, benzene ring, quinoline ring, quinoxaline ring or
thiazole ring, 15 [0088] Further, prior to coating of the underl ayer

coa{i ng tingj Pz-fl Qb RioNhte) ety 2-Hyd tméthyigrdpionate, athyhnt i Er ef e(t:)t |t vet
coating or a,fla in atin or substrate.
(00891 The BHEHoxlpts. i RdpAReE Ak R RIS rodlsfnshlbGRRGHE] of PIOT
conposi t i onmethyl ﬁ@qﬁh@gémpiqnﬁ%MHVWWPEIOEE@O?%Y'i%n for I'ight used in
the 20 procemex@iropibhdte rhehiys-ethoxyprsdiortats, asathy! pheivatedethylmyruvatant i ng can be
used as 8 | el odelifth, A KbAER, BiGlEDkLs Bulil hasts, NUREMpHaidgN. ref | ect ed
by the substrate, a S, as'an’anfi-reflective atln% ‘{.ﬁe under | ayer
coating of gﬁ@twmidﬁrd)@ﬁmw@ﬂﬁ?w'ﬂ‘é’é&h‘f'm&?"eag 2 1'858 for
preventing esivénts ataytieiused seletyemiin torebisativnt of Aveoomdre Riedsshdher esi st, as a
LZ%’ELOESZLP%?'@%i‘%Eﬁ“Aé’ 2 i@@ B B A B A e or by
subst ances PERIEERY S @“ttggi’?ig'ljﬂ p@ptsﬁﬁl%p 5%6"?%4%5@1353?% as a | ayer
havi ng &9 f ualavieementiomed fovear dmitstheiviaporizaion of a kigssaraawd of the salent n t he
Sﬁmt Cond!JCE Gﬁﬁnﬂath;é fﬁbﬁllk_ﬂﬂ&ilagﬁ& uRdendydesod ﬁgtdmmgt@mﬁmnbnm?n! ayer . -
ot oresi st, an e |ike. A : n ention wi
Ee descri betP$55380 1 W@?j%ﬁggﬁﬁ%htﬂg&%b@ﬁwcﬁbgﬁp fggﬁﬁ?s Vrxllggl‘.{l imted
thereto. Extheplodiegpeintpf the[solyentis mere thagtheabavegpentipngd 4reei MG Sononet hy !
et her, 5 g adsumedtopbuirernbig tikeifaredrying afterthe applicatiemofibe yntieriayet

e "SRRI TSI, Mo S i gl nte e

. Lator triphenyl aul foni um
trifiuor one®M @“@FW@%&B@MHMBQMW“M%@'PF CRQ E?rye()fgmp td., trade
name: TPS106)p tasd nths8%, 9r Bito 40 mast%c batl to(3tmassiet ur ed by Dai ni ppon | nk and
Cheri cal s | ppouPaRRter WS BB ndERRRalihpRimigicarpdsich bothpr epar e 2

SS%. (SOl Cr?@%t

sol ution of ?5 ent concentration). Then, the solution was
filtered thPEEH RVEH "made of pol yethyl ene having a pore size of
02 pm t & prepzBEThe mﬂeda'ym'rcoetingafmnnimg@onmelﬂomgéhe REpsest BVeRfioBdsposi ti on.
coated by a suitable coating method, for example, with a spinner, a coater or the
like, onto a semiconductor substrate (for example silicon/silicon dioxide coated
substrate, silicon wafer substrate, silicon nitride substrate, glass substrate, ITO
substrate, polyimide substrate and low-k material-coated substrate, etc.) to form
25 an applied coating. Then, prior to light irradiation, a drying process can be
performed, if necessary. When the 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 air-drying at room temperature (about
36 20°C).
[0077] Then, light irradiation is performed to the applied coating. For the light
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Exanple 2 [0094 in 25.87 g of propyl ene glycol nononethyl ether, 5 g of a
10 phot opol yneri zati on conpound. bis(4-glyckfyl oxyphenyOret hane

(manuf actured by Signa-Al drich Japan K K., trade nane: FWB12), 0.25 g of a
phot opol yneri zation initiator: triphenylsulfoniumtrifluoronethane

sul fonate (manufactured by Mdori Kagaku Co., Ltd., trade nane: TPS105) and
0. 059 of a surfactant (nmanufactured by Daini ppon I nk and Chem cal s

| ncor porated, trade 15 name: Megafac R—30) were added to prepare a sol ution
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h | f d
by St e A B9 B, 3956, ROKNM, @f%ﬁhl&%&lgwma Tigingy bel ohgRgu act ure
pho]E opol ynetd Zl'aavioiiat negiohgzﬂdﬂ% nm |(M|n®n9365nmf(9-|lme)nﬁ?jﬁ nml amd(rjﬁ?ﬁm ane )
sutfonate 3§ [ H@H% FAatible ., Lt trade name: TPS105

d 0. 0 f d |
Fnaor pods eﬁff"?}ilaeeﬁ ey twg”%%@k?i % 9%%%@%%%%@%&@%13&? ' on

of 17 mass%rémdheé dhetopolemerizating initiatenin mappﬁ%ﬂoatmea%ﬁatqbbsm%as filtered
through a ”b@lyrﬁeﬂidtbﬁrofﬂ% erabieiubsthsdsiniey apied cpatirg adcaes. of 02 pmto

prepare a sgLutLolk SHinPoliRERLiBY Shn GikRHayH chafinl 8 %orfRPOFhé ' ON-
resulting underlayer coating becomes low in solubility in a solvent used for

20 photoresist composition applied thereon, for example, ethylene glycol
monomethyl ether, ethyl cellosolve acetate, diethylene glycol monomethyl ether,
propylene glycol, propylene glycol monomethyi ether, propylene glycol
monomethyl ether acetate, propylene glycol propyl ether acetats, toluene,
methyl ethyl ketone, cyclohexanone, ethyl 2-hydroxypropionate, ethyl 2-

25 hydroxy-2-methylpropionate, ethyl ethoxy acetate, methyl pyruvate, ethyl lactate,
butyl lactate, and the like. Therefore, an underlayer coating formed by the
underlayer coating forming composition of the present invention do not intermix
with the photoresist.

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

30 e 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 underfayer 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

36 applied on a semiconductor substrate having holes of an aspect ratio of 1 or
more densely and thinly (a substrate containing a part having holes densely and
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Exanple 5 (0095] In 25.87 g of propylene glycol nononmethyl ether, 5g of a
phot opol yneri zati on conpound: bi sphenol - A-gl ycerol ate dl net hacryi ate
(manuf actured by Signma-Aldrich Japan KK., trade name: FW84), 0,25 g of a
phot opol ynenzation initiator triphenylsuffoniumtrifluoronmethane sul fonate
1.0 (manufactured by Alidorl Kagaku Co., Ltd., trade name: TPS105) and

0. 059 of a surfactant (nmanufactured by Daini ppon I nk and Chem cal s

| ncor porated, trade nane: Megafac R-30) were added to prepare a sol ution
0i | 2 mass% agamhdvnoglhbleatthmlpthntthm thenindertayencoating farming ¢asrpostiont i | t er ed

Dropare a s FienrinEA L e P Eomodsr () 0. Exar 6
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phot opol ynelG02al h@ddailonﬁba Muderfayewqﬂlog)w@woymﬁﬂ% P?@Pmseé‘i her
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5 P R s i A o )

sui f onat e (manu Qe &

hdq'sly
0.05 g of adlsfar r\dﬁﬁ‘ﬁh m%mwnm 'emk and Chenmical s
| ncor por at emoairﬁtéeunmayer%gui@fonﬁé&ﬁ()m\tm endedidyat coating fopaing a sol uti on of

17 mass% (SQimsbshRhld He gﬁ fiBRiciidd of RIrekaiBlesftol 11 er ed

t hrough,a nj cro et ne I N size of 0.2 am
to pr epar erzoogdirﬁft‘?’&%tﬁf &H@nﬁre é[‘%'ﬁ‘%ﬁf’ﬂ lgs:i‘i? Fi t | on Exanpl e
7h(?0971 Ir[OI:ZZiENe)g a)phqionepgtt iaﬁmn’gﬂ;mg;ea uéadmlg:rgqahe? h&;’;:g;{ o2 oo

phot opol ymgg | ét@@trﬁ&{lm&i\ Al fl et aisth sigtiger

manuf act ur a e 0. 25 of
e M i T e e

sul fonat e (methad ey dyiapplving@ photergsi ositipp golution anfe thine: TPSlOS) and
0.05 g Bf aferbpsiicodting, aBd bf Reatinged Thy phetordsitbtubd fokmedon Gleni cal s

|7°0r 201 % ekl SoBELy AL kA %@?@Wﬁ@&%ﬁmﬂwsﬁgﬁn&§°¢ o
t hr ough a rﬁQSﬁBVQ type and pasitivesyPe Bhetetesiptesrn hansedg 0 8 of 0.2 amto
prepare a dndludéscanpoditivetype photoresist consisting of a novolak resm and 1 2
naphthoquinone diazide sulfonic acid 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-
25  amplified photoresist consisting of a photoacid generator, a binder having a
group which is decomposed with an acid and increases the alkali dissolution rate,
and a low molecular compound which is decomposed with an acid and increases
the alkali dissolution rate of the photoresist. For example, trade name: APEX-E
manufactured by Shipley Company, trade name: PAR710 manufactured by
30 Sumitomo Chemical Co., Ltd., and trade name: SEPR430 manufactured by
Shin-Etsu Chemical Co., Ltd., and the like can be mentioned.
[0083] Subsequently, exposure to light is carried out through a predetermined
mask. For the exposure to light, KrF excimer laser (wavelength of 248 nm), ArF
excimer laser (wavelength of 193 nm), and F2 excimer laser beam (wavelength
36 157 nm), may be used. If necessary, a post exposure bake may be performed
after being exposed to light. The post exposure bake is conducted by suitably
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under| ayer coating formng conposition. Exanple 8 [0098] In 25.87 g of
propyl ene glycol nononethyl ether, 5 g of a photopol ynedzati on conpound:

3, 4- epoxycyci ohexyl net hyl - 3, 4- epoxycycl ohexane carboxyi ate (manufactured
by Daiccil Chemi cal Industries Ltd., trade name: Ceroxide2021), 0.259 of a
phot opotyneri zation Initiator triphenyisutfoniumtrlfluoronethane sulfonate
(manuf actured by Mri Kagaku Co., Ltd" trade nane: TPS105) and 0.059 of a
surfactant (manufactured by Daini ppon I nk and Chem cals Incorporated, trade
nane: Megaf eéleéﬁlﬁ)frdh?h@adng tEFHESEIIS o7 °8, S/ & hb&tingttime df 0184 % (solid
cont ent conq@ntr tion) the solution was filtered through a mcro
filter made ethyI ene haV| ng a pore size of 0.2 pmto prepare a

sol uti on of [0984 nextehase sevelgpmentis sririedapidyi ysing 2 develorsre RB099] i n
25. 879 oL ﬁbkam |baﬁba§eewh6re@ sitive pfpetphptrysistis ased, the devejopmedt 3, g-b
epoxycycko t , W str ed by

Dal cel Chem%ééit%rg ar:i|"’is‘="§‘fq_:’t%§é‘?’I’a{1 e naﬁ’e%i%e%gdm 0&?5I g of a

phot opol ynmeP#¥&®i on initiator: 2-nethyl-1-(4-nethyithi ophenyl) 2-

nmor phol i nop[map‘Bheld@mbpérrmnphdotesiseﬂlcmeﬂdrbaalﬁple(a'llaiinqaqnmuBcaI s, trade
20 nane: Irg@&ﬁq 7 Gedls I t t=RdiuRy Dai ni ppon
i nk and Che ns_g'?r at ’glﬁgﬁéﬁll\@mo déagggpﬁ re added to
prepare a s&‘ﬁ?’f‘iﬁs I ?rstg? éﬂ'r'ﬁ%ﬁt“g@ﬂ'&gﬁw 8%8 Then, the

sol ut i oR? wasmfriohiuer kytiroxidesugh as teframethfliammanium biydrefideol yet hyl ene havi ng a
pore size Ofgrlethyll H?rﬁd?nmﬁﬁ?&rbﬁda c‘h@lihﬁerﬁe fie, aﬁu ayeéluno'méumg form ng

conposition, %ezlg% ?%8?9'%?8}" OIOOBH“,@8 'ﬁ'ﬂ?m?%r g\lagmgn&we 26. 61 g of

et hyl lact af
3, 4- epoxycwmmb\gﬂd@dmwww ofbs aeedi 'BMWhte ( manuf act ur ed

3}/( ?3al ieg opftient BiRES blace fs dagtdbly sblead ml ten?ﬁ?mrdnﬁg?b)fgwnﬂng of
[ -e mul a manuf act ure
Toagosel &o%%%h&%&%ﬁ&ﬂ%@ﬁ (g%ozg%h‘ljt s£8 g of a photopal yneri zat?/on
initiator: the rameualief therinslgriayes ppating ?é) pf& ne- 1- one
(() rrim uf a](c:t ursedniboncﬁibtobsub“sim avetcondited bpusing thesptmtoresmt patleguformed07) and
0 a g s
I nco?por at e ra e tr?g()wa ﬁ#t&étﬁgc%% V\erﬁ.!ellga \{jdmf)%qm% éég a solution
of 17 mass%qé ‘fsgtq 9pS syehgs te rﬁé %@Tgﬁ?hﬁ( L tiltered

t hr ough?% rperﬂlmrbcyctobutamad&m) pedflupeapnyiane dCifak itiftyoromrthanas icgosf 0. 2 prn
monooxide, argon, oxygen, nitrogen, sulfur hexafluoride, difluoromethane,
nitrogen trifluoride, and chlorine trifluoride, etc. The removal of the underlayer
coating leads to the formation of a pattern consisting of an underlayer coating
and a photoresist on a semiconductor substrate.

26 10087] 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 limited, and any existing
compositions can be used. For example, an antl-reflective coating can be
formed by coating an anti-reflective coating forming composition conventionally

80 used in the lithography process with the conventional method, for example, with
a spinner or a coater, and baking. The anti-reflective coating composition
includes for example one containing as main components a light absorbing
compound, a resin and a solvent, one containing as main components a resin
having a light absorbing group through chemical bend, a crosslinking agent and

36 asolvent, 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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to prepare a solution of an underlayer coating form ng conposition. [01011
C21-46 C H2 H2(40 Exanple 11 6 (0102) In 26.61 g of cycl ohexanone, 26.61 g
of ethyl |actate, photopol ynerization conpounds: 5 g of

3, 4- epoxycycl ohexyl net hy1- 3, 4- epoxycycl ohexane carboxyl ate (manufactured
by Deice! Chem cal Industries Ltd., trade nane: Ceroxide2021) and 5 g of
3-ethyl-3-(2- efterl hexyl oxynet hyftoxetane (fornula (41), manufactured by
Toagosei Co., Ltd., 10 trade name: 0XT221), 0.8 g of a photopol yneri zation

:Vgi ti ﬁt or k polyrRBERYé SrosEimRingragent Havingraoight abevebing! 'pfopafl¥ and mn?réaict ured by
ot o b B 1 e S SR @y Malarpids 2020
Megaf ac R- 3¢9MRNest. apdstd genemtersamponertop ﬂlwﬂgv&P"{f@ ing,2g8nk oL gﬁ d content
ﬁg gg e (r)\]E r az) : Kke) if nétesaryl 6 Thé light absdrbing cqnmp?ﬁmdsttbaté?anlerusag [areaamy g r go:‘ Iult It g;
of an u nfj)er ﬁﬁﬁu nﬁggtalflﬁ% h?‘ébr@aﬂr%gfpggﬁ If%?lg![ill aé‘%h&og sﬁwb?bhﬁ%?tﬁiéﬁ:% 1 (0103) In
216 g of etYgYC'eNGLT RIPN %féhﬁ)% gﬁenﬁtﬁmmﬁ&tﬁépﬁﬁgﬁeﬁmﬁﬁgcgur ed by 20
et i vemamia b o .
’ i o) ! aphtha ,
sol ution was_t hen .he 7 j i 0N sol ution at
70C, 1. g‘? gm&poél?gﬁ‘l @f’gﬁﬁﬁyﬁmﬁ'ﬁ‘.’?\eﬁhyﬁ Ji'%g@ 05%8? nq%:rfjé)ﬁ%‘cdaene thl ol were
added t 0’ t heompausds.anddae litd. ofhe Apsing inglufle pollesteNtePBMASSon at 700C for El
hour s underpdNstyreds3) novolak resins, polyacetals, acrylic polymers, and the like. The
resins having a light absorbing group through chemical bond include resins
having a light abserbing 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] Hereinafter, 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 monomethyl ether, 5 g of a
35  photopolymerization compound: pentaerythritol tetramethacrylate (manufactured
by Sigma-Aldrich Japan K.K., trade name: FW362), 0.25 g of a
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25 atnosphere, 0.1 g of 4-nmethoxyphenol was added to obtain a solution
contai ning a copol yner of glycldyl nethacryl ate and net hyl net hacryl ate. The
obt ai ned copol ynmer was anal yzed by GPC net hod, and the nunber average

nmol ecul ar wei ght (Wnh) of the copolynmer was 6000, and the wei ght average
nol ecul ar weight (Mv) (in terns of standard pol ystyrene) of the copol yner
was SO 12000. Synthesis Exanple 2 10104] In 109.5 g of ethyl lactate, 15.0
g of glycklytmethaciyiate (nmanufactured by Tokyo Kesel Kogyo Co., Ltd.),

6.19 g of bgREwhORHEALLIY Hithat@E ﬁer@ﬁ’suﬁomﬁmrmﬂuﬁomaham sulfopateet hacr yl at e
o

manuf act ur d b | ved, and
gu trogen waﬁ"?'?‘ﬁ wehﬁyﬁfgg}é%? %%'rc'%# ﬁg&gr:!?én'ﬁ%(es toﬁ 0g"q%r?1(a\/\/as t hen
heated up t surfaptant{manidactutedibyPainippandak end khemicalsi! B?P'H?"a 788€® 0.210 g of
azobi si sobuhymeritegafhe RvED) wasslagtddao prepareasoiution sfol7unasa¥ (selider stirring

the sol usi 09 Ment Qﬁa@dﬁ@t@n ho‘f[lén 'fﬁ@'&;utfy tv!?é%@kﬁl@rﬁtﬂi‘bﬁlﬁ%rrﬁicrd}ilérg of 4-

nmet hoxypheno ont ai_ni 0 mer of

gl yci dyl met H'@é?ﬁﬂ? éethﬂﬁ'f‘ﬁp?‘fﬁq ﬂﬁem?z& aﬁ B At&PAGT %g?@“@ ﬁ%’%acr yi at e.
The obt ai nedndmlagbwmtmg\lmrnmgedomsitmy GPC rret hod, and the nunber 10
aver age nol E%E gei ght (Mh) of the copol yner was 9000, and the wei ght

f t f th
Copolyrmer S srarpeiers Gyt BbrpReyy] %ﬂgf*?g% BE T Vactate. 50 g of
the sol &®i ophompmmeniza@oacunpmmb(mlyq@yl@cypbe aracr yl ate and
net hyl net ha aﬂ JARIrSH UhRREK K. ademlatmel F(Va1R), @.250m bt

trat 00 t
E?PS‘EE&?S 'uv eﬁ%amew @?fgt{qgﬁee%&ff At M&P‘aﬁ?w“g g"* N dor
Kagaku Co (malwfactmredw Mider:Kagaha Qys) Ltdnade raimeg TS 10BLa 9.0

(manuf act ur gsitdeta hanuraciret by Duiwipganeink aad Shemicatsincarperdted, frade nane:

concent rat i BE edeC 29 ubfe AR Brobarrn okl r‘gf}‘* M‘“‘i"'f ter made
of pol yet hvatwaowgraaowor Ehey. Jhe ?H'W?"Z”‘fsrfr"f’ ion of an
undedayer comatié nfpdipsthylane havimps poiemize of 0.2 pm to prepare a solution of an
underlayer coating forming composition.
Example 3
20 [0093] In 27.10 g of propylene glycol monomethyl ether, 5 g of a
photopolymerization compound: bisphenol-A-propoxylate diglycidyl ester
(manufactured by Sigma-Aldrich Japan K.K., trade name: FW457), 0.50gofa
photopolymerization initiator: triphenyisulfonium trifluoromethane sutfonate
(manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and 0.05gofa
26 gyrfactant (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 ym to prepare a solution of an
underlayer coating forming composition.
30 Example 4
[0094] In 25.87 g of propylene glycol monomethyl ether, 5 g ofa
photopolymerization compound: pentaerythritol trimethacrylate (manufactured
by Sigma-Aldrich Japan K K., trade name: FW282), 0.25 g of a
photopolymerization initiator; triphenylsulfonium triflucromethane sulfonate
36 (manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and 0.05 g ofa
surfactant (manufactured by Dainippon ink and Chemicals Incorporated, trade
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Exanpl e 13 26 0106] In 55.4 g of ethyl lactate, 50 g of the solution

contai ning a copol ynmer of glycidyl nethacryl ate, benzyl net hacryl ate and
rtaityrol actone nethacrylate obtained in Synthesis Exanple 2 (solid content
concentration: 20.0%, 0.509 of a photopol ynerization initiator

tri phenyisutioniumtrifluoronethane sul fonate (manufactured by M dori
Kagaku Co., Ltd., trade name: TPS105) and 0.05 g of a 30 surfactant

(manuf actured by Dal ni ppon I nk and Chenicals Incorporated, trade nane:

Megaf af R{ 3ﬁﬂm&ﬁ[7||_ EgatasIRABO) WePé%on@réﬁéi'élébomti@'foflﬂ massp(<ctiol |$I IC;)nt entcI
concentr at i ilter nade
of pol yet hy?@%ﬂtﬁ% 'Iagg iHédg%WMs %ﬁ%@ ng@cmm{g ution of an
underi ayer @@de ohpelyethylengh %‘(HP&)%BP'H%W%ZEX‘é?rﬁf@a A 95. 4g of

ethyl |act aﬁlﬁderlh%@o@ﬁn@mmlngmpmpbsmomI i d epoxy resin EI -I PE (manufactured
by Dai ceg (Egé];t' Industries Ltd. correspondi ng to fornula (15)) (solid

content concentyed on 0.5 ol ymeri zation initiator:
tri phenyl sul908el 'Gr%%"s P?P’BP‘G/%@%?PS"&? M&R ngﬁd*gct ured by M dori
Kagaku Co. ,phatobqumermhﬁomeompOtIﬁaShﬁﬁbemhA-gIA{dB&Igtedim%ﬂleQMﬂtﬁ:t ant 6

ﬁ/e ”gg;i‘;gCtR[” @Nearc%@rb& A-Nanengg 3+a%|e|naﬁrfér PWA4BHE 8,28 § gﬁdnggﬁtem
concent ratl ?f' PR tﬁaﬁewgsé' i“'ﬁ‘éﬁ@gﬁrﬂ%ﬂ'ﬁ%g%ro filter nmade

of pol y& hwmfme@gym@mrléaﬁkg&o@fu@ tzadﬁmm@T;BSé )enC!a 0819 ffPon of an
under | ayer aﬁﬁbwhﬂ(rﬁmmaﬁreawmiﬁpannk BN Chbmichls lhaﬂrﬁaratdmtraae4 g of

thyl | act d by Do
Chom car - aine: Nieghtf R0 FBME dudefiNg g?‘%ﬁﬁ%&“ggiz: @u)’g content
concent r at .thenj_ggn@;{;ratl@)m'ghm. the al'ﬂ'ich tebr -

tri phenyi suhhéaofyolyathylénsohaviret dpae sizd df dixjua t¢ prapafes solutich bfarM dor i

Fﬁ%ﬁﬁ?aﬁfureﬂ%ﬁﬁf%ﬁwﬁ%ﬁ@ﬁ? B cal's I noorporated. trade name:
Megaf ac R4o§><%% added to prepare a solution of 10 nmass% (solid content
concent r at i [0096] Iimsra? d biprepfiend glycohaonbiniethyt etliet, Brocafgh a nmicro filter made
of pol yet hyﬂ r&gtit?n Uﬂdzﬁol%réby%rﬁaﬁé@)@w gthar sol ution of an
under| ayer (?n%% reé’ by SR BS5ar Kk 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, 5 g of a
photopolymerization compound: pentaerythritol tetraglycidyl ether
80 (manufactured by Nagase Chemtex Corporation, trade name: EX411), 0.25 g of
a photopolymerization initiator: triphenylsutfonium trifluoromethane sulfonate
(manufactured by Midori Kagaku Co., Ltd., trade name: TPS105) and 0.05 g ofa
surfactant (manufactured by Dainippon Ink and Chemicals Incorporated, trade
name: Megafac R-30) were added to prepare a solution of 17 mass% (solid
35 content concentration). Then, the solution was filtered through a micro filter
made of polyethylene having a pore size of 0.2 um to prepare a solution of an
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Exanple 16 [01091 In 95.4g of ethyl lactate, 10 g of a bromated epoxy

novol ak resi n BREN304 (manufactured by N ppon Kayaku Co., Ltd.,
corresponding to formula (39)) (solid content concentration: 100,0%, 0.509
of a photopol ynmerization 25 initiator: triphenylsulfoniumtrifluoronethane
sul fonate (manufactured by Mdori Kagaku Co., Ltd., trade nane: TPS105) and
0.05 g of a surfactant (manufactured by Dai ni ppon Ink and Chem cal s

i ncor porated, trade name: Megafac R-30) were added to prepare a solution of

10 WSS%(Sth@a?thmﬁdhﬁobmah.- Then, the solution was filtered
t hrough a m L9 bl ter made of $0 pol yet hyl ene having a pore size of 0.2

}tmto prepare B®Sol ution of an underli ayer i Qr m ng conposition.

f

Di ssol ut i on[0A981 I 39.81,9 obprepylene %wwomeﬂﬁggtyeﬁ? ¥ %0l uti ons of
undterljayer ph@bpﬂméﬂaﬁbg;%mgggmmmynggjmeihyt‘g- Exir;ng gs lto 11 }Nere
coated op S@@ ifehBhe S4B sa:tﬁa LGRA BYiecel BHBRIdARBIBY mEans of a

: { , t th
2ol vent ' and efg‘id;ﬁ@x@-uggqug{eg@% C0-5 gt e olaponmsnzptBn alEtol t o on . hot
pl at e. Thentriphbrylsulfohiusdtrifuerometienesuifonate (manufastured by MideriiKagakHi gh
pr tesstﬂ eS(rJrgcsyLw.,lt?am_rfam?n‘b@qbyrm d?(g;gﬁhbguﬂfé&ant (fnRefabtufed lﬁpll:\/l KY{ o
out put : . for m nut es r_a condi in. vel en o
thepl anp. i s&}"‘"&& i?l%@d;{)ﬁ%mlgan%@%r% n‘ﬁ#@‘ﬂ'f&%"%&"‘@'@h’e‘ﬁéﬁ cne) gt 0
f or m und®r | agded topeepanes splutiomot 1 mRresds ésafid contept consentiation)-| APeR. coat i ngs
welr e dit ppedmbrsfomtibubvabméueb%@ngh 8 s ifiReremade/ 61polyBitiyeTri iuvinged ge[ hbtei Pﬁ
sol vents us RIT=ES me a e
resulting uﬁ%grsﬁgﬂb%c%??hgeiﬁ\%ggaﬁo uaéﬁ@ﬂ%ﬁa){ekese ggfﬁ'\?@h s. err [01111

| n addit i onCOreRRsit®Bl uti ons of under-|ayer coating forming conpositions
obt ai ned | nExamyiploes 12 to 16 were coated on sem conductor substrates

(si 1 coms WojBbopnBla7a) SfdinfltadiRie!Pq of 1 BhaBbaRErzdtBARBATLYRL ,4-L 0 T Or ™M
applied coatings, I n er oren’ov% ‘ﬁg SO vg'?]'t ngd dr t he,substrates
wgpe heat ede%xegmerﬂmeihvwﬁcﬁmwc&’kﬁﬁ"%@%‘%&?ﬁ“%ﬁé‘" BY¥ied coatings
wer e | rr adi Baieel Ghientical indiitrigstLtdhirage manes Serexida02d), P.2%gf 4 nanuf act ur ed by

Ushio I nc., lm% i : erﬂWI: B .ot es under a
condi tion i%ﬂo\f I éﬁ?“ﬁ n2 -8 ylti'liUphan)ﬂ)ﬁ-U 6.0 nmW (an

| .
exposur e valg® 8&“%“931%’\?? '&%ﬂeﬁhﬁ @p}b%e‘cs%tg[(f &Eﬁe'?'ia%t hi ckness
600 nm) 20 Threanetdegacarg8f? ot 0.05) g ofie surfantapdmanvfacturad by Bainigpen i%d pr opyl ene
gl ycol nmonogmpf d¥vémigall Bicorporated, 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 underlayer coating forming composition.
25 Example 10
[0100] in 26.61 g of cyclohexanone, 26.61 g of ethyl lactate,
photopolymerization compounds: 5 g of 3,4-epoxycyclohexyimethyl-3,4-
epoxycyclohexane carboxylate (manufactured by Daicel 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-methyithiophenyl)-2-
morpholinopropane-1-one (manufactured by Chiba Speciaity Chemicals, trade
name: Irgacure907) and 0.1 g of a surfactant (manufactured by Dainippon Ink
and Chemicals Incorporated, trade name: Megafac R-30) were added to prepare
35 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 ym
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20 being sol vents used for photoresists, and as a result it was confined
that the resulting underl ayer coatings were insoluble in these sol vents.
Test of Interm xing with Photoresist (01121 The sol utions of underl ayer
coating form ng conpositions obtained in 25 Exanples Ito 11 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 minute on a hot plate. Then, the applied coatings

(F<hio I nc f%tﬂ”'gp kel U apasausE i Cohpbanen, Tanf actur ed by

condition | ch whol e wavel ength of the lanp is irradiated at 6.0 nW (an
exposure val ue @af,,1080 nat to formunderlayer coatings (filmthickness
800 nm. On eac ld fider | ayef?'cdating was coated a commercially avail able

phot or esi st ienrQn@ turgg y Shipl ey Conpany, trade nane: APEX-E)

by nmeans of spi hher . Hhel c fers were heated at 90C for 1 mnute on
35 a hot plate. After exposure of the photoresists to |ight, post exposure

bake was pegtfmpiedqat 90C for 1.5 m nute. After devel opi ng the

hot t f t d

P 1t v @33#%&@&1&0{%@5%@9% 2669 4al &’éfé?cﬁ’g '”gﬁe“ﬁ‘ﬁdgre?i%?

coatings f ophatepalynagfizefien sempRUNgR<® @ of ﬁgﬁf?ﬁl"\éfé’ g @

phot or esi st epoxityclohbxdiecarbbxyicte (mamifaciurdd bly Daicel ehelmcalglndwmmg

e ik o o NP FTERE bt

| der t cethy thyl)p Ry eared at 100C

fgrorl ﬁiq%u?tmctemamélmxmoeﬂﬂ Floéa photopolupptizatigndtiateonigs were irradi gt ed

with an ul tg ,g« guegm imﬁm@d;mdous@gakunc type
'é P e

UlS- 5011M 500 Iy, whi ch whol e

wavel engt h ﬁﬁ' me: TP )zﬁngy]ﬁ Bf% M‘(BQ os%tgieédv | ue of 1080

rnamg) to flaamppqmmhameehmls ngorporatedy tradiediames Mega@eR-A9) WS each

t(Jnder:caz:/ger SRRHIS Br ?eﬁ%éh@éh@fmﬂw&(siﬂﬂbommdoabbmbnﬁoﬂhsnfst sol ution

manuf agg ur of a

spi nner . Egégéf'%ﬁ“éﬁ?g?rga% Q‘{'&g?“ﬁﬁ ?ffoﬁ% é&g*tﬂe%gﬁsam a hot

pl ate. AftePOfeﬁﬁgwpézld'ﬂtQﬁ'@PBWoﬁ %P'\étlﬂ"sqf@“t%' PFWW Msure bake was

per f or med adonﬂﬁ_@mbﬁr 1.5 mnute. After devel oping the photoresists, the

filmthi CKW H‘gqerl ayer coatings was neasured and it was confl rmed
termxin

Pt TR Bt st e, 45 o Gt e (R B RS, O
Fl at t en?thg TekyeKasel Kaglyb iQog, um paned 241 [g0of tgthyf imetsaorylateyyase 6fssewe€~r i ayer
11 con df quEr e s o 0. 16 AV
depth: 1. Oo'lﬂﬁ ed '@ ei‘ﬁ?ﬁﬂ%ﬂ’e P@gﬁ’é'csﬂ%gﬁ ﬁgngg'??lée?%sed subst rat es
wer e subst razbblsusbbuiymgntribean@l 62 apéﬁ-ﬁomwéh!gbﬂqreédge(} to the react
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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patterns of holes as shown in Fig, 1. 'so pattern is a pattern in which the
di stance 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 So as long as the dianeter of the hole. The depth
of the holes is 1.0 jun and the dianeter thereof is 0.18 ern. pl)1151 In
order to renove the solvent and dry, the substrates were heated at 100C for

1 mnute Oy EJ@& KELE8 gQﬁi,u& g% ﬁﬁ‘?uﬂ‘zgy Ha@gﬁatgvgﬁ@mggr@gwat ed Wt h an

ul t rahi gh e merc I u s
5011M KY, gbmrf@! osrsowthww'at@ c‘%fﬁai"f‘cgﬁ“ﬁ??' SR e
wavel engt h D) twese Hissplvéds; and nitdigen eds flowed i thins¢lutioreiopd@ mirutesitoR of 1080

o/ cng) Lo érﬂuthnWéjselhbﬁM 89 9T, ThIelabsiki afesrestionalition at her eof v
pm

[, tte t
The f1 at§ enfG» P 9] Seehisiehby ° e 44%34360%3&%@{8@??@%” ﬂﬁe\r/i/?lngl the
sect i onal fsﬂrmgjﬂl'netsbhltlemubt'm"ﬁtfe@ mmm uadgrdumen@ﬁapm ‘heef bscope
(() gtEglV'n)e g Fnhg%f& h&&lwﬁwdeawo%iwéauﬂmo tairmaoopdlmewfgé giggoa; ]g L??s
substrates ﬂ&%&ﬂ%eﬁ‘@fﬂéﬁﬁe Wﬁc%&%gﬁh -ﬂ%tzlo!dncfd?% rgétﬂé %;t/ means of a
spi nner, r eBpeohtained gopolyreenwasanalzsd by W@ﬂ@dsﬂ!ﬁ e ®havi ng ' so
(i sol at &) afademaRrcligdensight (mbﬂha&bopélydnef was 9800; andthe weighyy. 1. [so

e

Phe. conter SyeRalaREReE WObEMI o Pinds 5 e oRrBRIAmET P 2 o7 o

Ive tines as g as the dianeter of
the hol e. DEQI'@!V"MM@r #00@ a pattern in which the distance fromthe center
of a hole tExdmsleagnter of the adjacent hole is one tinme as long as the

di ameter of 6% B%B%%oﬁéorﬁanﬁmgra@pdlytﬂﬁodl anet er
e
Subst 1 al'bs HidekeE Pty B PSS RIS i) 10

appl i ed coafsoitheontenteohcandrdtiart: 20.0%) A.58rg of la phatangly ot it cury | anp
(manuf act ur igndhyiddRBhiam! tifuororathBnd bufonbi(dniféctured byMiddRgaktor 3

t it
' radi at ed e~ btde P (e °”J€§iﬁ§>@&9%§ gfs %%?@‘6“‘&8. crﬁgfé“e B o
under | ayer lhmappngink éﬂdé)hamlwﬁmwat@@éﬁdﬁg'am% ekweﬁ n at the
open ar#h V&lﬂreaw?} aF@&b@lﬁfbd@fMaﬁ%@ﬂd oomenmnuematﬁony Thes, f | at t eni ng

form ol ndnapGppAIES ey ISR ARG R it b % 1011s)

formof th
equatlon 25

The fl at t erpaig srzatoé Oxzaan saprepargraspigiangsf &nitpdetayen gog
The fl att endogngpdsitiof. Was 100% when hol es on the substrate were perfectly
flattened. g&?ﬂ&gqgl ts are shown in Tables 1 and 2.
25.  [0106] In 55.4 g of ethyl lactate, 50 g of the solution containing a copolymer of
glycidylmethacrylate, benzylmethacrylate and y-butyrolactone 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 0.05 g of a
80  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 polyethylene having a pore size of 0.2 ym to prepare a solution of an
underlayer coating forming composition.
36  Example 14
[0107] In 95.4 g of ethyl lactate, 10 g of an alicyclic solid epoxy resin EHPE
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[0119] Flattening Rate =11 - (dinple 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 30 observed that the inside of
the holes was filled with the underl ayer coating. [0121] Flattening-Rite
(% Bb , iso Dense Bias 100 400 100 O 100

(manufactured by Daicel Chemical Industries Ltd., corresponding to formula
(15)) (solid content concentration: 100.0%), 0.50 g of a photopolymerization
initiator: triphenylsulfonium trifluoromethane sulfonate (manufactured by Midori
Kagaku Co., Ltd., trade name: TPS106) and 0.05 g of a surfactant
5 (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
polyethylene having a pore size of 0.2 um to prepare a solution of an underlayer
coating forming composition.

10 Example 15
[0107] In 95.4 g of ethyl lactate, 10 g of an epoxy novolak resin DEN438
(manufactured by Dow Chemical Japan Limited, corresponding to formuia (33))
(solid content concentration: 100.0%), 0.50 g of a photopolymerization initiator:
triphenylisulfonium triflucromethane sulfonate (manufactured by Midori Kagaku

16 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 polyethylene having a
pore size of 0.2 um to prepare a solution of an underlayer coating forming

20 composition.
Example 16
[0108] In 95.4 g of ethyl lactate, 10 g of a bromated epoxy novolak resin
BREN304 (manufactured by Nippon Kayaku Co., Ltd., corresponding to formula
(39)) (solid content concentration: 100.0%), 0.50 g of a photopolymerization

25 jnitiator: triphenylsulfonium trifluoromethane sulfonate (manufactured by Midori
Kagaku Co., Ltd., trade name: TPS105) and 0.05 g of a surfactant
{manufactured by Dainippon fnk 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

80 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
35 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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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 under a condition in which whole
wavelength of the lamp is irradiated at 8.0 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
being solvents used for photoresists, and as a result it was confirmed that the
resulting underlayer coatings were insoluble in these solvents.

[0111] In addition, the solutions of underlayer coating forming compositions
obtained in Examples 12 to 16 were coated on semiconductor substrates (silicon
wafer substrates) by means of a spinner, respectively, to form applied coatings.
In order to remove the solvent and dry, the substrates were heated at 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 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
being solvents used for photoresists, and as a result it was confirmed that the
resulting underiayer coatings were insoluble in these solvents.

Test of Intermixing with Photoresist

[0112] The solutions of underlayer coating forming compositions obtained in
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
under a condition in which whole wavelength of the lamp is iradiated at 6.0 mW
(an exposure value of 1080 mJ/cm’) to form underiayer coatings (film thickness
600 nm). On each underiayer 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 80°C for 1 minute on
a hot plate. 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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thickness of the underlayer coatings was measured and it was confirmed that no
intermixing occurred between the underlayer coatings formed from the solutions
of Examples 1 to 11 and the photoresists.

[0113] 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
(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 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
a hot plate.  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 underlayer coatings formed from the solutions
of Examples 12 to 16 and the photoresists.

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 um, depth: 1.0 pm) by means of a spinner, respectively.
The used substrates were substrates having Iso (isolated) and Dense (dense)
patterns of holes as shown in Fig. 1. 1so 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 pattern in which the
distance from the center of a hole to the center of the adjacent hole is one time
as long as the diameter of the hole. The depth of the holes is 1.0 pm and the
diameter thereof is 0.18 um.

[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-
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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100 100 0 40 too 100 o 0 0 0 [0123] in the underlayer coatings of
Exanples 1 to 16, difference (Bias) in filmthickness on Iso (isolated) and
Dense (dense) patterns was small. The undedayer coatings of Exanples Ito 16
were excellent in flowebility on fine Dense hole pattern that it was
particularly difficult to obtain a constant filmthickness. It is assuned
that the solution of the unclerlayer coating formng conposition snoothly
flows into a plurality of holes even at Dense part having | arger hole

nunber (ol gygaitpiotiyn Bfderdféricoalifds. OThé fifickaebSbfidhting theredf maspart t her eby
providing coagt anks hd Giad el SRS hoid Bitd ¥ ndi PRASALAthe Vichlity. erftgnce i n
flattening rate by the underlayer coatings was assessed by observing the
sectional form of the substrates with a scanning electron microscope (SEM).

5  [0116] The solutions of underlayer coating forming compositions obtained in
Examples 12 to 16 were coated on silicon dioxide (SiO; wafer) substrates having
holes (diameter: 0.10 pm, depth: 0.6 um) by means of a spinner, respectively.
The used substrates were substrates having Iso (isolated) and Dense (dense)
pattems of holes as shown in Fig. 1. Iso pattern is a pattern in which the

10 distance from the center of a hole to the center of the adjacent hole is five times
as long as the diameter of the hole. Denso pattem is a pattern in which the
distance from the center of a hole to the center of the adjacent hole is one time
as long as the diameter of the hole. The depth of the holes is 0.6 um and the
diameter thereof is 0.10 pm.

15 [0117] 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 under a condition in which whole
wavelength of the lamp is iradiated at 6.0 mW (an exposure value of 1080

20 mJ/cm®) to form underlayer coatings. The thickness of coating thereof was
0.20 um at the open area where hole pattern is not present in the vicinity. The
flattening rate by the underlayer coatings was assessed by observing the
sectional form of the substrates with a scanning electron microscope (SEM).
[0118] The fiattening rate was calculated according to the following equation.

26 The flattening rate was 100% when holes on the substrate were perfectly
flattened. The resuilts 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

30  observed that the inside of the holes was filled with the underlayer coating.

[0121]
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filmthickness of |Iso part and Dense part becones snmall and flattening rate
becones high. Further, the underlayer coating form ng conpositions of 15
Exanples 1 to 16 were able to flatten Irrespective of Ise part and Dense
part Measurenents of Optical Paranmeters [0124] The solution of urxierlayer
coating form ng conposition obtained in Exanple 1 was coated on a silicon
waf er substrate by neans of a spinner to 20 forman applied coating. In
order to renove the solvent and dry, the substrates were heated at 1000C
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the above. Lnseingtpaert g’%& wag partigyiary d § 029N n) and attenuation
coef fi ci entthitkiesat lis assumed that the solution of the underlayer coating forming
10 composition smoothly flows into a plurality of holes even at Dense part having
larger hole number (hole density) per unit area on the substrate than Iso part,
thereby providing constant film thickness, and that consequently difference in
film thickness of Iso part and Dense part becomes small and flattening rate
becomes high. Further, the underlayer coating forming compositions of
16 Examples 1 to 16 were able to flatten irrespective of Iso part and Dense part.

o

Measurements of Optical Parameters
[0124] The solution of underiayer 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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30 wavel ength of 193 nm were neasured with a spectroscopic ellipsoneter. As
a result, the underlayer coating from Exanple 13 had a refractive index (n)
of 1.79 and an attenuation coefficient (k) of 0.31. Test of Dry Etching
Rate 35 [01281 The 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 neans of a spinner, respectively, to form applied coatings.
In order to renove the solvent and dry, the substrates were heated at 100C
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as above i sofri§§amoiiem3do formoindpdaysppoatings (film thickness 200 nm). Onthe
underlayer coating, refractive index (n) and attenuation coefficient (k) at a
26 wavelength of 193 nm were measured with a spectroscopic ellipsometer. As a
result, refractive index (n) was 1.70 and attenuation coefficient (k) was 0.020.
[0127] An underlayer coating was formed from the solution of underiayer coating
forming compositions 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. Asa
result, the underlayer coating from Example 13 had a refractive index (n) of 1.79
and an attenuation coefficient (k) of 0.31.

Test of Dry Etching Rate

36  [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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Exanple 1 Exanple 3 Exanple 5 Exanple 7 Exanple 9 Exanple 10 [0131] [Table
41 pl 121 Exanple 13 1.52 Exanple 14 1.39 Exanple 15 1.12 Exankle. 18

[0132] 5 It was confirned that the etching rate of the underlayer coatings
obtained fromthe underl ayer coating form ng conpositions of Exanples 1, 3,
5, 7, 9 and 10 and Exanples 12 to 18 was higher that of the photoresists.
This result nmeans that in the process in which the base of the substrate is
exposed after devel opment of the photoresist formed on the underlayer
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phot opoll$¢ rretatmﬂmormmethane was msed mdmtd\inmsa%olmﬁéﬁlﬂt&tﬂf%smpance is a
pol yner conmpgyidd. Ofn the {8, thd daiectivity corresponds to dry etching rate of an
undertayer coating in case where the dry etching rate of the photoresist for KrF
laser lithography (trade name: SEPR430 manufactured by Shin-Etsu Chemical
Co., Ltd.) under a similar condition as above is regarded as 1.00.
15  [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: 500 W) for 3 minutes
under a condition in which whole wavelength of the lamp is irradiated at 6.0 mW
(an exposure vaiue of 1080 mchm’) to form underlayer coatings (film thickness
0.2 um). 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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Example 16

1.33

[0132]

It was confirmed that the etching rate of the underlayer coatings obtained from

the underlayer coating forming compositions of Examples 1, 3, 5, 7, 9 and 10
and Examples 12 to 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 underlayer

10
suggested that

coating is removed before the photoresist is scraped out. Thatis, itis

the developed photoresist pattem can be transferred to a

substrate accurately.

Brief Descriptio.

16 [0133] Fig. 1is

n of the Drawing
a sectional view of an underlayer coating formed on a

semiconductor substrate having holes.

Description of Symbol

[0134] Symbol
hole. Symbol
Symbol ¢ is the

20

a is dimple depth of the underlayer coating at the center of the
b is depth of initial hole on the semiconductor substrate used.
underlayer coating. Symbol d is the semiconductor substrate.
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photoresist. 5. A method for formng a photoresist pattern used in a

l'i t hography process of the manufacture of sem conductor devices, conprising
the steps cif: applying the underlayer coating form ng conposition
according to claim1l or 2 on a sem conductor substrate to forman applied
coating, irradiating the applied coating with to forman underlayer
coating, - applying a photoresist comds tion on the underlayer coating and
heating it to forma photoresist, exposing the sem conductor substrate
coated with the underlayer coating and the photoresist to light, and

devel opi ng the photoresist after the exposure to light. 6. The nethod

accordin 3
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wavel en rmto
photopolymerization initiator,

wherein the polymerizable substance is a polymer compound of formula (1):
(1)

in formula (1), P is an alkylene group, a derivative thereof or an organic group derived from
an aliphatic cyclic compound or an aromatic compound, Q is a direct bond or an organic

group having an ester bond, an ether bond or an amide bond, or formula (2):

oy
Q —CO

in formula (2), P an alkylene group, a derivative thereof or an organic group derived from an
aliphatic cyclic compound or an aromatic compound, Q is a direct bond or an organic group
having an ester bond, an ether bond or an amide bond, and the photopolymerization initiator

is a photo-cationic polymerization initiator.

2. The underlayer coating forming composition according to claim 1, wherein the

photo-cationic polymerization initiator is an aromatic sulfonium salt compound.

3. A method for forming an underlayer coating used as an underlayer of a photoresist in
a lithography process of the manufacture of semiconductor devices, comprising the steps of:
applying the underlayer coating forming composition according to claimlor2ona
semiconductor substrate to form an applied coating, and

irradiating the applied coating with light to form an underlayer coating.

4. 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:
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applying the underlayer coating forming composition according to claim 1 or2 ona
semiconductor substrate to form an applied coating, irradiating the applied coating with light
to form an underlayer coating, and

applying a photoresist composition on the underlayer coating and heating it to form a
photoresist.

5. A method for forming a photoresist pattern used in a lithography process of the
manufacture of semiconductor devices, comprising the steps of:

applying the underlayer coating forming composition according to claim 1 or 2ona
semiconductor substrate to form an applied coating, irradiating the applied coating with light
to form an underlayer coating,

applying a photoresist composition on the underlayer coating and heating it to form a
photoresist,

exposing the semiconductor substrate coated with the underlayer coating and the photoresist
to light, and

developing the photoresist after the exposure to light.

6. The method according to any one of claims 3 to 5, wherein the semiconductor
substrate is a semiconductor substrate having hole of an aspect ratio shown in height/diameter

of 1 or more.

7. The method according to any one of claims 3 to 6, wherein the light irradiation is
carried out by light having a wavelength of 193 nm to 700 nm.
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