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"FORM NG GAP- FI LLI NG MATERI AL FOR LI THOGRAPHY TECHNI CAL FI ELD [0001] The

present invention relates to a novel conposition for forﬂbpg a filling
U 2408

material for lithography. Particularly, the present inve s toa
conposition for formng a gap-filling material for |lithography that allows
the formation of a gap filling material for |ithography having an excell ent

pl anari zation property on a substrate having irregularities such as hol es
and trenches, and large dry etch'b% {Pelagil conpared with that of a resist
whi | e providing an excellent res @g wi t hout causing an interm xing
with a resist layer, and that it can be specifically used in a damascene
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BACKGROUND ART [0002] The fine processing with |ithography using a

phot or esd conducted for the preparation of sem conductor device.
Sai d fmmlsgﬁ@conprises forming a thin filmof a photoresist
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i nvest rasicing a pinmsielay of gesemisoadustat deyies inmoephyeaisi - ref | ecti ve coati ng,
an inorganic bottom anti-reflective coating conprised of titanium titanium
dioxide, titaniumnitride, chrom umoxide, silicon oxide nitride, or the

i ke, ottomanti-reflective coating conprised of a
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el udl® biapes. B d¥ilbnce’ of o P8 ironBtichr e, AdNaTTH: 1Byagh 40
i nsol ianding waven froesitise sabsivatet ha\@bemedﬂaqucmnnbmsng Ad arm@thqu pEt

el o] ESTDAE 15 Sy BTREhCIBE i F GNSTAAR B S trchiepmg he

botto Pt ive coating natéria B W th atlng,
| ar ge Qﬁa}lngt@ﬂlﬁ@) tetween tbemim‘lwsﬁttaﬂd the supstrale h@%lbﬁen gxensiyedh. For
|nstar]®§',_,fstfg§%are al so described in Proc. SPIE, Vol. 3678, 800-809, Proc.
SPI E 174- 185 (1999) and Proc. SPIE, Vol. 2195, 225-229 (1994)
[0005] ERARaler Asi the rebayesmentiongd Ltsttogntanti-reflegtive 1aating. (3t IRRYABIE of

fi nenmoméntl-?éﬁeétﬂérbo%hﬁﬁ c%rrfﬁnsbﬁ%f(iﬁ"érﬁblm' Nitatfitir Wloxadé entapiupp edeieg- up of

LSl and s advanci ng -performance of LSI with, the reSﬁnt tﬁchnol ogy

for tGBre/nim exidenstigen pklsrbtrises or the ike. 39 {@RRrIBPER -rgflegtiveq) v
made ichatiRg céﬁﬁme%f%fl gjﬁlab%rm@ﬁfat@taltém # pOR/ANr de'ﬁhpmmmskmun

technolo erefore, of the wiring nmaterials

mi ni mil; ?férm%r%t@? facilitigs sueh ag vasyeM dererlionamkipment %ﬁgfbeg%\"% el
technol ogy to be introduced for replacing Al currently used as a wiring
material with Cu, for exanple, as described in the specification of US
6057239 B. In this process, a bott omtanti-reflective coating is used on a
substrate having a large aspect ratio (high/dianeter; irregularity)as
conpared with that of the substrate of the conventional wiring material Al.
[0007] In addltlon to t he above characterlstlcs |t |s de5|red that the

. s o, o, . o o o o o o o o -,



2 10 January 2005 bottom anti-reflective coating material for the dual
damascene process. [0008) Consequently, it is conceivable that the process
may use two | ayers of: an inorganic or organic bottom ant|+Jreer§0§

P di ation

coating having a high absorbance with respect to that of aﬂ?a’a

ray; and a gap-filling material for |ithography for obtaining

pl anari zation. The gap-filling material for |ithography described herein is
a gap-filling material, i.e., afiller or a planar|2|ng material. The
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aspect of the invention, the conposition for formng a gap-filling materi al
according to one of the first aspect ,fo the third aspect of the invention,
characterized in that the sol vent corftains 20% by wei ght or nore of a
solvent (s) having a boiling point higher than a glass transition
tenperature of the pol ynmer based on the whol e solvent; according to a fifth
aspect of the invention the conp05|t|on forn1ng a gapfllllng mat eri al

.



according to a sixth aspect of the invention, the conposition for formng a
gap-filling material according to one of the first aspect to the fifth
aspect of the invention, characterized in that the boi I| t he
'solvent (s) is from 145 to 220C, according to a seventh gbjg@IléI&fﬁfoﬁe

I nvention, the conposition for formng a gap-filling material according to
-one of the first aspect to the sixth aspect of "the 9 10 January 2005

i nvention, characterized in that the sol vent (s) is butyl |actate,
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COI’TpOSI t1on orm I ng materl al accordin

aspect lafen,heo ulawmle@ular @u&s@@p@rdlﬁ@%ﬁd fropmihe tbﬁgﬂﬁbﬁygfé?ﬁ%twsomﬁqmg
p- Vi ”y'rﬁé‘l‘éﬂal |n§cI‘§Ito§EH£’trrb§%§aﬂhb€tﬁﬁé‘bf B6atiny dr 4tens BRRBfkaRdrying, 4 Algrowi ng
Formul ) ompated wit Forrm g bility to planarize the

ry etchmg rate as compared with that o resist, the ability p
substrate having a large aspect ratio (helghtldlameter, irregularity}, and so on. The
development of a gap-filling material for lithography that satisfies ali of the above
requirements has been desired. '

{0010] That is, an object of the present invention is to prowde a composition for
forming a gap-filling material for lithography to be used in a damascene process,
having an excellent property of planarizing a substrate surface having irregularities
such as holes and trenches, no mixing with a resist layer, forming excellent resist
pattern and large dry etching rate as compared with that of a resist, and also to

provide a method of forming a resist pattern using the composition for forming gap-
filling materiatl for lithography.

DISCLOSURE OF THE INVENTION

[0011] In consideration of current conditions described above, as the result of
extensive researches conducted by the present inventors, the present invention has
been completed by finding the facts that in order to increase planarization property of
a substrate without depending an irregular shape thereof in a case where a
composition for forming a gap-filling materiat for lithography is applied with a uniform
film thickness, a specific relationship between the solid content concentration of a
polymer solution contained in the composition for forming a gap-filing material for



according to a twel fth aspect of the invention, the conposition for formng
a gap-filling material according to the tenth aspect of the invention,

characterized in that the polynmer is a brom de of poly p-¥inyl phe . Whi ch
conprises a repeating unit represented by the foll ow ng ﬂﬁﬁﬁﬁ g S
Formula (3) according to a thirteenth aspect of the invention, the
‘conposition for formng a gap-filling material according to the tenth
a?pect ofltEe i nvention) characterized in that the polymer is a copol yner

o] p-vrn phenol and styrene, which conprises a repeati re resented
by the BePIrERNKGNAG w&pes'tvztjte@f is sa‘ﬁﬁ*gganmﬁt;? mﬁw%ﬁ 2 (2)

OH and J?olfrﬂéﬁain'dnﬁ sBént’ SSEE ¢ & polymén eolutibh i sidisfied Mahd thd) subhraul a
(4) and in whic 0 m)reo t he recil?tlng uni t represented by the
For mul PeTer prefg rﬁ%gih%%al?ag@&ip@ﬁn?ﬁ%r "8 nunber of the repeating units

in the peporar; Tﬁ@ggggyn@mmtlgnfrggfgsqgnt h aspect of the invention, the
OO O g0 P aBata s 5 T Tohoh q%‘r’rtp°o?;§rcgrﬁfeqr?r>tﬁ‘§et£§%*ﬁym
of p- VlﬂlbﬁgOh%n@:halatbdbérQistlm rmbbacttqri of @, seshicohductopdesies by aemettiochof uni t
repr esentp?yﬂng Yl res:st Por coatrrrltg gr?tB a sub(sgrgte having holes where an aspect ratio
defined as height/diameter is 1 or more and transferring an image on the substrate
using a lithographic process, which is applied to the substrate prior to the coating with
the resist so as to planarize the surface of the substrate, characterized by containing a
polymer solution comprised of a polymer and a solvent;
according to a second aspect of the invention, the composition for forming a
gap-filling material according to the first aspect of the invention, characterized in that
the polymer solution has a coeflicient H of 0.06 or less, which is defined as
[logarithmic change in viscosity (mPas)] / {change in solid content concentration (% by
weight)], and a viscosity of 1 to 80 mPas, which is measured at a solid content
concentration of 25% by weight; '
according to a-third aspect of the invention, the composition for fonmng a
gap-filling material according to the first aspect or the second aspect of the invention,
characterized in that the polymer solution contains 0.1 to 30% by weight of solid

content; _
according to a forth aspect of the invention, the composition for forming a

gap-filling material according to one of the first aspect to the third aspect of the
invention, characterized in that the solvent contains 20% by weight or more of a
solvent (s) having a boiling point higher than a glass transition temperature of the
polymer based on the whole solvent;

according to a fifth aspect of the invention, the composition forming a gap-
filling material according to the fourth aspect of the invention, characterized in that the
boiling point of the solvent (s) is 10°C or more higher than the glass transition
temperature of the polymer;, '

according to a sixth aspect of the invention, the composition for forming a
gap-filing material according to one of the first aspect to the fifth aspect of the
invention, characterized in that the boiling point of the solvent (s) is from 145 to 220°C;

according to a seventh aspect of the invention, the composition for forming a
gap-filing material according to one of the first aspect to the sixth aspect of the



10 January 2005 Ht 2-C Forrmula (2) OH and a repeating unit represented by
the following Fornula (5): Formula (5) and in which 20% or nore of the
repeating unit represented by the Formula (2) is contai n&@ based @BSt he
total nunber of the repeating units in the polyner; acco Hﬁﬂ“?’g
fifteenth aspect of the invention, the conposition for formng a
‘gap-filling material according to the tenth aspect of the invention,
characterized in that the polyner is a copol yner of p-vinylphenol and

2- hyd t th e, which ' . t t d
byt ne. IURMAN, g aBeletivad (5 AP saven) Wi BuRE Jakes o vl ghBel o
by the ﬁ'l@hb rlget'ﬁ@F m’dr@pfd@he églycol Mbnbm&thytetlﬁlo‘étjetaﬂe CtifcléheXxanone,

nore, of the repeating unit

mul a Q% o
repr es F@&T' 'M%Olﬁﬁﬁg'ﬁ%lpﬁﬂkyﬁtn‘?’ °EBH¥5‘?'H%‘{P IR on the total number of
the repeati ngodbidifg ite ahhsighthl aspact ofithepingention, the compasitivrhfoarfpeoingod t he
i nventi on

he conmposition.for for gto
the.t erfap-liS cbERt pteqHlnerte ofE Btk Sraeachtd 1% REySith Barder B e |
copol yriBVerEtforpcharadt@ﬁan thatl abuéight-averabetrepleehlac iweightpof thespalymepdsit i ng
unit ref %%Iattg%ﬂ% the followng Fornula (2): Fornula (2)
according to a ninth aspect of the invention, the composition for forming a
gap-filing material according to one of the first aspect to the eighth aspect of the
invention, characterized in that the polymer comprises at least one repeating unit

" represented by the following Formula (1):

CH2—C
@ Formula (1)

[wherein R' and R? each independently represent a hydrogen atom, a methyl group, a
fluorine atom, a chlorine atom, a bromine atom or a cyano groupj;

according to a tenth aspect of the invention, the composition for forming a
gap-filling material according to the ninth aspect of the invention, characterized in that
the polymer is a homopolymer comprised of the repeating unit represented by the
Formula (1), or a copolymer comprised of the repeating unit represented by the
Formula (1) and a repeating unit which is a vinyl group that contains an aromatic
moiety or a carboxylic acid ester moiety on a side chain thereof,

according to an eleventh aspect of the invention, the composition for forming
a gap-filling material according to the tenth aspect of the invention, characterized in
that the polymer is poly p-vinylphenol that comprises a repeating unit represented by

the following Formula (2):




and a repeating unit represented by the following Formula (7): =0
-CH2- CHZ- CHz-CH3 Formula (7) 9 10 January 2005 and in which 20% or nore
of the repeating unit represented by the fornula (2) is i@gt ai ne%@gsed on
the total nunber of the repeating units in the polyner; aeimt
seventeenth aspect of the invention, the conposition for formng a
‘gap-filling material according to one of the first aspect to the sixteenth
aspect of the invention, characterized by further, conprising a
cross-1linking agent having at |east two cross-linking form ng functional
groups; according to an eighteenth aspect of the invention, a nmethod of
using a conposition for formng a gap-filling nmaterial according to one of
the first dspect to the {eventeenth aspect of the invention, characterized
in that the gap- R er f m ng conposition is applied onto a substrate and
is then I hi c process in production of a sem conduct or
device; afcordi'ng|to a nineteenth aspect of the invention, a method of

gem, condugt or devi ce form ng an |ntegrated circuit el ement
n a sf@EPHX &) characterized by conprising: a
osition for formng a gap-filling materi al
containin tion conprised of a polynmer and a solvent is
applied to\a subghyate Having holes with an aspect ratio of 1 or nore,
which is defined as height/dianeter, and is then dried to forma planarized
filling |layer on the substrate; a step (B) in which a resist is applied and
dried; and a agcepdic@toiantwélith rasgecbufptbmumeenmrdeheIo@mmﬁtlorﬁfui farmipigcdi ng

are per | e i nventi t he
et hod ?F‘ g mateAF a6 cBa B ok el BpSerd o 286 RheBlioh. fharatiBhecd itialen 1
aspect pwimnuem boomidehaf potyepivirgdptiendl hehichheompripes iat repedtiog @nit ni ng
a gap-f ep (A) is a conposition according to
one of fe#ééfé?'rt%qibg??)%t "Bm ﬁ@rr@@?} ieenth aspect of the invention; and
according to a twenty first aspect of the invention, the method of

manuf acturi ng a sem conduct or device according to the nineteenth aspect of
the inventign, characterized by further conprising a step (A') where a
bottomantifeftective coyting is forned before or after the formation of a
filling | ajer usHng the cpnposition for forming a gap-filling material in
BRLEF DESCRAPTI ON OF THE DRAWNGS [0013] Fig. 1 is a

r'ew of alstate in which a gap-filling material is applied
i ng hol gs, where reference synbol a denotes a depth ( a
Formula (3) :

by transferring
step (A An whikg

according to a thirteenth aspect of the invention, the composition for forming a
gap-filling material according to the tenth aspect of the invention, characterized in that
the polymer is a copolymer of p-vinylphenol and styrene, which comprises a repeating
unit represented by the following Formula (2):



10 10 January 2005 of a recessed portion of the gap fiIIing material for
| ithography in the center of the hole, and reference synbol b denotes an
initial depth ( a n) of a hole of the substrate used, Fi 2 |s aph
that represents a relationship between a concentration (¢ ﬂﬂﬁ and
viscosity (nmPas) of a polyner solution used in Exanpl es and Cbnparatlve
Exanpl es, where concentration values are plotted on the lateral axis and
viscosity val ues neasured at 25C are plotted.in conmon |ogarithmon the
vertical axjs. In the figure, OOis a straight |ine that denotes a
coefficienty H of Exanplébi and Example 2, 20is a straight |ine that

denotes the coeffliici ent of Exanple 3, OOis a straight |ine that denotes
t he coeffj of EX le 5, is a straight line that denotes the

i Ci anple , O0Ois a straight line that denotes the

par atijve Exanple 2, and is a straight line that

ent Hjof Cofpemulai(@ Exanple 3. BEST MODE FOR CARRYI NG
)014] dual damascene nmethod is a nethod of formng a

OUT THE |

on a substnhate a wfilli/ng themwith Cu to make use thereof. The dual
damascene nethod I's capabl e of overcom ng problens concerning

m niaturization of a chip size and a wiring delay thereof. [0015] A ground
material such as a bottomanti-reflective coating material is applied

bet ween_a substrate and a re t i d a ,squar e-shaped resi st
patt er naﬁ%BHPB?%tHlﬂ wnipleriesen fea&’ty *8%%'%&%”%5 ﬁ‘ﬁ'e(r‘ﬁ'surface of the
substrate, i.e., a reflection fromthe bottom surface of a photoresist, at
the tinme of ,coating the photoresist and transferring an i nage onto the

substrate ing a, lithygraphic process. [0016] However, the substrate to be
used in th¢ dual gamascene process has holes with an aspect ratio defined
as heig nore, nornmally in the range of 1 to 20. Thus,

t he groun as the conventional bottom antireflective coating

mat eri al & apoor] flow ricorpnudpédx y, so that the ground material-
cannot fl i i art of the hole. As a result, a recessed portion of
enerated in the center portion of the hole after

_ | is applied using an spinner and is then dried.
Even though\the resist/ had applied to it, therefore, there was a case that
~an appropriate pattern could not be obtained due to a diffused reflection
caused by the irregularity of the bottomsurface of a resist. [0017] It is
found that a decrease in the fluidity of the ground material is caused by m
10 Jan adydzN a
resul ¢ o ieHRien® R0 06 RRAE o Ik 1pkafich Bhitfeleselfociby 1hE FErly 1) #°
nat’er i &ontgined based osthe folat mambeooftbefgpeating units iathe oleRr; by a rot ation

of the substaae@fdmégwfaurf@erm efcthi lerfiBnoine dm BN TToRFIRY 10

the substrate using the spinner throu g he solid content
concen®rgap-filingrmatesial peeerdingatocifiesten ﬁéP%Ctthé aipvention; gharacterizedain v

about 1936 i Wiy - is B Mg@:ﬁﬁé}ebf Ee\nﬁlyipw AP nStAYINEhed & ylatd, . whith

aIIowedtorowmto oleont r} B:e ent of its solid
contenf’ow'sﬁﬁad'%ﬁ?t"?@“%r@@f@@BS}t Vgﬁ%@ 0@?‘”'&9 lﬂrwg@ wei ght dependi ng
on the conditions. In other words, conparing with V|sc05|ty before the
application, the ability of flowing into the hole decreases due to a
proportional increase in the viscosity caused by an increase in the solid
content concentration. Therefore, a desired ground material is of a small
change in its viscosity even though the solid content concentration thereof
i ncreases. [001B] Furthernore, for concurrently form ng holes and trenches
by etching, there is a need for the ground material of the above-nentioned
process to have large dry etching rate as conpared with that of the resist.
The ground nmaterial such as a bottomanti-reflective coating material has a
|l ow dry etching rate in general because it is provided with an
anti-reflective function and it has a |ight-absorbing portion (chronophore)
with a | arge absorption coefficient allow ng the ground nmaterial to absorb
exposure |light. Therefore, it is preferable that the ground material does
not include any chronophore in order to increase the dry-etching rate.
[0019] The planarization pf a substrate having holes is performed at first
by the application of a ground material using a spinner (the first step of
pl anarization). In this regard, the ptesent inventors find that a favorable
fl ow characteristic of the ground material to be required for planarizing
at the time of the above application can be attained when a viscosity
measured at a SO|Id cont ent concentratlon of 2596by melght |s 1 to 80 nPas
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12 10 January 2005 to variations in solid content concentration, a

pol ynmer sol ution capabl e of keeping the above coefficient Hat 0.06 or |ess
i-s used. The approach of coefficient Hto zero neans that the vis jty
(logarithm) varies within a narrow range with respect toWdﬁ"&’F%ﬁgﬂin
solid content concentration. Therefore, the coefficient Hmy be ideally
zero. In reality, it is in the range of 0.02 ~ Hs 0.06. The coefficient H
can be easily determ ned by actual neasurenent of the percentage change of
viscosity for a solid cpntent concentration of about 8% by weight to 25% by

wei ght usifig an E-type W sconeter at 25C. [0021] However, even after the
applicatign of thé grouny material to the substrate using the spinner, the
gr ound f I_k% i filled in the hole all over and a void nay be
remai ned fin : uch an event, there is a need to planarize the
void at tthe ti uring_of the.ground material (the second step of
pl anari zilng) . secoﬁ@"EQQﬂzgf pl anarizing is required to hold
up an inckease he solfid content concentration at the tine of

heat - curi material and also to provide the ground materi al
with a flundity ¢n at /the tine of heating at a glass transition

tenperature of the polyner or higher. [0022] Such characteristics can be
attained as follows: at |least part of a solvent that forns a pol yner

sol ut i ognd anepeithglinitreprbsented by)thé followdng Foonulan@):poi nt hi gher than the
glass transition tenperature of the polymer, preferably higher than it by
10C or higher. Furthernore, it is preferable that the boiling point of the
sol vent (s) 145C to 220C. Using such a solvent (s) having a
hi'‘gh boiligg poin the volatile rate of the solvent smaller in the

n increase in viscosity can be retarded. The

pol ymer sdl ution en thg pol ynegmmgaligated at a glass transition
tenperaturle of th =ﬂaly r or higher, so that the void remained in the hole
can be perfectly iléﬁp nd the applied ground nmaterial can be entirely
fluidized. Therefgké, 8veen if there is a recessed portion fornmed in the
upper portign of the hofe by filling the hole, the ground nmaterial directly
flows into it fromthe surroundings to planarize the base material forned
on the substrate. . [0023] However, an excessively high boiling point of

the solvent (5) is also undesirable. This is because the solvent cannot be
vapori zed, and r ined in th ap fillin terial t :
ot - o At Wbird S0Py oparars Aetieqeeatid dpt e b e tinds 2 s,
Thfr ef chﬁtt?ihéd based %hethéllbtlﬁ_l himbet bfeth_ecr’epﬁaﬁng ahits imfthe podgdef,or the above
ol ymer solution has.a hqili oint .in the r Q g :

gol zent in Sl?@ﬁoﬁJ?’b%F@ﬁ&%e?B&g?gQﬁFt iof ‘%FWPQ{"S@%?l°8€#A%§rﬁ"%rﬁ@%§%ﬁgﬂfa (s)
Eavi ng g’:m;ltnﬁmﬁ%hgjitéﬁé@cb_@rdingﬁb gmﬁtWaQﬁm opthieninyention, charactelized ia thet v)ent

vin ow boilin oj nt t e t [ r Ve S
may be emelmEkis:? Cappies sl aandphatol o guigro BT methatnite) Wi 3
by wei diiimsrises repoating ainitatplesentedeiny the folewingl Rarmulab?)y consi sting of the
solvent (s) having the high boiling point may be used. In general, however,

the solvent (s) having the high boiling point is used at a percentage of 20
to 80% by i ght, prefé§€bly 30 to 80% by weight in the whole solvent. If

such a pefcentagg is le than 20% by weight, the fluidity of the polyner

decreasey as_thelsolventlis entirely vaporized at the tinme of baking,

wor senin gnari zatjon property. On the other hand, if it exceeds 80%
by wei gh Ns a prdgblemin the surface property of the applied gap
filler onpogi t i on Fosmulao(3}i ng a gap-filling material of the

pr esent an befused for planarizing the surface of the substrate

wi th the conposition, and brings about an effect
of confini\ng a | nol egul ar wei ght conpound to be escaped fromthe
substrate. [0025?$€n addition to the above pol ynmer solution, the
conposition for formng a gap-filling material of the present invention may
further conprise a cross-linking agent having at | east two cross-|inking
form ng functional groups, a cross-linking catalyst, and another additive
accor diang a tepeatiog unitaepresentesdpy thecdfolewing Femubdi{®g t he pol ymer, the
cross-linking agent, and the cross-linking catalyst is 0.1 to 30% by

wei ght, preferably 0.1 to 20% by wei ght. Furthernore, the content of the
polymer is 30 to 99% by weight) prefefably 50 to 90% by wei ght wth respect
to the total solid content. [0026] The nol ecul ar wei ght of the polyner. in
t he pol yner solution to be contained in the conposition for formng a
gap-filling material of the present invention nmay be of a weight-average
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bond in a nol ecule selected fromacrylic acids, hydroxyal kyl acryl ates,
hydr oxyal kyl net hacryl ates, styrenes, celluloses, crotonic acids and so on,
thernosetting phenol resins and so on. [0028] Her ei naf t er he exg&&%es of
acrylic acids, hydroxyal kyl acryl ates, hydroxyal kyl nethéﬂ%@ﬁ

styrenes, celluloses, and crotonic acids will be described, respectively.
{0029] Acrylic acids: acrylic acid, and nethacrylic acid. [0030]

Hydr oxyal kyl acryl ates: hydroxyal kyl acryl ates having a side-chain al kyl
group of 1 to 10 carbon atons, for exanple, -hydroxynet hyl acryl ate,

hydr oxyet hy) acryl ate, hydroxypropyl acrylate, and hydroxybutyl acryl ate.
[ 0031; Hydroxyal 3 net hacryl at es: hydroxyal kyl net hacryl ates having a

si dechai n gﬁxl roup of 1 to 10 carbon atons, for exanple, hydroxynethyl
met hacry hytroxyet hyl netQacryl ate, hydroxypropyl nethacrylate, and
hydr oxybutlyl nethacryl ate. [0032] St¥;ene . Aydroxy styrene, hydroxybrono

styrene, and car 6%9 styrene. [f0033] es: cellul ose, cellulose
acetate, ckllulo e htr E ng chitosan. [0034] Crotonic acids: crotonic
aci ds having an ds @p 1 to 10 carbon atons) for exanple, nethyl
crotonate, &thyl crotonate opyl crotonate, and butyl crotonate. [0035]

Phenol resins can be obtained by pol ycondensati on between phenols and
al dehydes in the presence of an acidic catalyst. The phenols to be used
therein include, for exanple, phenol, o-cresol, mcresol, p-cresol, o-ethyl

phenol , , rﬂ%ﬁ'{ W.'.crgﬁgb}%f n?or?tmﬂhﬁp%‘ﬁgﬁ{lng %n@”f?}ﬂ'eﬂgﬁ?&f’by tﬁ%%r?‘ﬂulﬁ *195‘%

p- but yl enol eno enol
3, 5- xyl @mlned basedmthetthgaﬂ npmn@ﬁb Df the wpsatmgrﬂmﬁ@/ln tbﬁeﬂ%ymeb phenyl

phenol , hydr %anﬁﬁit? 5%},@8&?&1 zis?@ﬁ%%@‘?ﬁver%oﬁifﬂ%&:%rﬁﬁ&é?f i6n ftforming a

pyrogallol ~-na bi's dr oxybenzol ¢ Cld
ester, Qﬂpnflim@ maiaual aqmrdmg @munth ESPﬁCtt ﬁbﬂlﬁblﬂﬁeﬂtl% @h?fﬁ%@h@ﬂ)lﬂ that

n}chlor owhi ol ,
" or eodne gher fe S AIAMERSF pYIBReH arfiBG! BRI OWHAE Sompiisos 801
resor c.rﬁgeamum mrag«entedgyrtbari@llovana M@N@r @ e. [0036] Furthernore, the

al dehydes to be pol ycondensed with the abovenenti oned phenol s include, for

exanpl e, fornmal dehyde, (trioxan, paraforml dehyde, benzal dehyde,
acet al dehyde, propyl ehyde, phenyl al dehyde, a-phenyl propyl al dehyde,
!/ 3- phenyl ‘ o- hydr oxybenzal dehyde, m hydroxybenzal dehyde,

p- hydr o ) hyd oichl orobenzal dehyde, 15 10 January 2005

m chl oro p- dhl or obenzal dehyde, o-nitrobenzal dehyde,
mnitrob A p- nift robenzal dehyde, o-nethyl benzal dehyde)

m met hyl | t hyl beemauladBl de, o- et hyl benzal dehyde,

m et hyl b 3 ¢ p-efhyl benzal dehyde, p-normal butyl al dehyde,
furfural, F 2- napht oal dehyde and

2- hydr oxy- Anong them fornmal dehyde is speC|f|caIIy

preferable. The above-nenti oned pol yner can be copol ynerized with an
uncr ossl i nkabl e nononmer except the pol yner described above, so that dry
etching speed, reflectivity and so on can be finely adjusted. This kind of

copol yner.i zab noer s _incl ude mpound havi ng one

addi t i Eﬂd;?ofe}pﬁéppgélpﬁﬁp{ﬁ??ﬁhf@{ @Hﬁ@%@é ‘@E’l“@%%r om acrylic esters,
acryl am des, nethacrylic esters, nethacrylam des, allyl conpounds, vinyl
ethers, vinyl esters, styrenes anq crotonic esters. [0038] Hereinafter, the
exanpl es off acryHic esters, acryl afi des, nethacrylate esters,

met hacryl nides,|a||y| conpounds, W nyl ethers, vinyl esters, styrenes, and
cr ot oni ! } pectively. [0039] Acrylic esters:

al kyl acryl ate hfving an al kyl group of 1 to 10 carbon atons. [0040]

Met hacryl | c estefspal kyl methacryl at e hddrmgilaa(¥)al kyl group of 1 to 10
carbon atpns. [0p41] Acrylam des: afrylam de, N-alkylacrylam de,

N-aryl acr

| am d@-@ﬁ#{cﬁimﬂzacml am de, N, N-aryl acryl am de,
N- net hyl - N\x phenyl acryl am de, and 2- acet am doet hyl - N-acet yl acryl am de.

[0042] Met crylanldes met hacryl am de, N-al kyl net hacryl am de,
N-aryl met hacryl am de, N, N-di al kyl net hacryl am de, N, N-di aryl met hacryl am de,
N- et hyl - N- phenyl nmet hacryl am de, and N-ethyl - N-phenyl netti acryl am de.
[0043] Vinyl ethers: alkylvinyl ether, and vinylaryl ether. [0044] Vinyl
esters: vinyl butyrate, vinyl isobutyrate, and vinyltrimethyl acetate.

[ 0045] Styrenes: styrene, al kyl styrene, al koxy styrene, and hal ogenat ed
styrene. [0046] Crotonic esters: alky? crotonates such as butyl crotonate,
hexyl crotonate,



and gl ycerol nonocrotonate. . [0047] Furthernore, dialkyl itaconates,

di al kyl esters or nonoal kyl esters of malefic acid or fumaric acid,
crotonic acid, itaconic acid, malefic anhydride, nmaleim d@J accdwmg rile,
met hacrylonitrile, nmaleylonitrile, and so on can be al so 'Us

Additionally, in general, an addition-polynerization unsaturated conpound
whi ch is capable of copolynerization with a polyner that contains at | east
1 or nore hydroxyl groups, which are cross-linking reactive groups per

t t b 10 J 2005 th
o iAol WhicT 307 At roT.al. ey {SPRRTRA i Gpreserted by, BRSIMUARE) i he
be any c{yﬁ?alﬂéd nggﬂ’ﬁhﬁﬁﬁl’dﬁr ﬁumepékthéqéFGﬁr&_; uatsilnghefnolwnm;mer s I t can

b t d t
pgl %gr. za![ .Z?a@co@mg dai @ ?ﬁﬂeﬁ‘fﬁréran ég%qﬁ%? %nﬁlel Ze‘llei"ﬁgn @% err;fprr%srltéon for

vari et yoahingOh 'Fapsfifig #hatefibH atbesrding torenezof trmﬁrsmt ftorthe sixieenth

be ﬁ!‘éé&éﬁe&%&théﬂéfréwnﬁ Grdeurah Py ofEL Bt o Plds ity SRl 01
Lﬁm ef%e%ggwrggigpk@ foﬂrTngltﬂgm::tlomtgmuppr ovVi ded that the repeating
honopol smer Gocarafag itg AN \?@Wﬁ%’?é %S ‘{’}d hi%pg‘ﬂéﬁ% eaflg%f(taﬁq (r%]g lﬁ?? 2

repr es eigngsbdtior foe farbiing dplfll)lngihmwrlalcaccarchmg)tﬂ one of the-fyst aeppdio thee
repeati it represen or a t

copol yrﬁ?g’ﬁﬂéﬁng‘ t%&egﬁnotfht ﬁoﬁngy%%gérézaegb’mt {Hhergarge@gkﬁl fggg“ ove
may be cdniysrson fsfﬁp"pllednmtcalsn@stratetmm lSet]heathakgdumatlltbﬁQ'iaﬁB'WPﬁEF%"'( 1) or
a copol i sed. o ting unit represented by the Forrml a (1);
and a r %‘t’tfoﬁ{;@{ ?mfﬁongbfifé’ﬁ??gggbup t hat -contai ns an arggm mpiety or a
cgr boxy! ate estordimptes nineteantsi arpechaf thetinuertisn. 4 Metqd '@a"“fa U:;]
above-nentio raeterr m zene
Fng na e ERREur BRloR fORhiRo e fitegl REdTERIR e ment Ly teotrrgcan

above- rema isubstiateachanagtesized byteamprisid’y i s ester such as nethyl, ethyl,
propyl, butyl, Y/ h " qoy Tohihgon dabyfiingx ypatepial
[0053] More spes(k:]é":i!< dggl I?-}’Q&I‘REB{”F)% )éhglrp%tsgw%e used gt gab mglx qufapr

f or m ngecoamtajaingr @ |pbiwgermlga¢mp06mr§ﬁ€ qﬁraeee#wmqfrﬂ/ﬁ?@ﬁ"‘?{ﬁgg %i)p%ef erably a
hompolmfrafeomm HoRs Wltheaﬁaéérﬁi:t%hb ofnr epanbry] Whichhis Befined ;ag 2) or

3 t
ol il helahUdiameter epd i e caieeto e Bqurraal Iind BREF B F'téggt’%ltr%tge( 7).
(0054] The repgg P BYirtARhich£Rishf 1agpl :é@b’aﬁmdnﬁrrand a (2) is p-vinyl phenol,

and a honopol yne tal na b the ti uni t
can be yi el déd stgp d%o%&?\'&br%] ‘110 e"%i%‘?qﬂ%@ éﬁtfh%rgné E'%gb?lfa?ned
by strgjgﬁd?ﬁ, -sol UtIOP prepareg by d| ssol Vi ng p hydroxystyrene nononmer in
propyl ne glyco manuf act u L L46hd or 30
m nutes, fol IW@B’LW %ﬂ&\"’?i"@?{ﬂcﬁs\égfﬁuqﬁ?gg%% hd{% B]hm%l,nhfranuf aq:t ur ed
by JUNSEI sﬁgyh@@aopcuew@ chdcoad;ng pnltpeemrw&e&Mh Bﬁp@ﬁtapﬁrthﬁhl'ﬂ“@Wdel ng

t he reaction sol 70C__a tthe &
at nospfFé\aéac RI£ ‘g'ﬁf ﬂ@a gog@cm g’&tfé‘{ﬁﬁ'ﬁg Jp@\/&jﬂﬁngwténbm@c’%&}ar y@ézp
r epr eci(p) ighiddgnpdsitioh aceortingtteronef ofdhetfirst aﬁpan&t%the senenteeiRaspFe g
nDIecuI r weight of this polyner i's 1000 to 100000, preferably 1000 to
60000, theiavantiop; 8Adr abl y 1000 to 30000. In additjon, such a ¥ is
al so commer cizcbidiny atd ad! twerft@ 06t Eaaeﬁorﬁip@i’!%/n@ﬂe@mﬁ)r |“§%dﬁ'!ﬁt ‘ﬁeo
repeati represent r ateethi ab @cthyﬁtrwgen
mgﬂu%f:{lﬁ@gpﬁsﬁm'gﬁﬂ%ﬁ%? O%VE dibdiding) 10 $he i y

at om at meta position t he benz |

p- vi nylipbentizn, Idla:ad:tetlzedjth}d futher Qﬂ@Paﬁkﬂ'gaahﬁﬂeP g&bn"f"ﬂﬁr a?oﬁgﬁ?'ﬁ %grage
per one_ynit of t & aifilgh epalsymethe

i ncl udd® ﬂ ?W%Q%efo@s %P%%@&g%rl sed ng |?he repeating
uni t rWmﬂfdu;fomﬂnagl&gamfﬁngZi)ateﬂ%'rlnlt it can be obtained by
di ssol ving the homopol ynmer conprised of the repeating unit represented by
t he For mul a (2) i n carbon tetrachl or| de or carbon bisul fide, followed by
streanBR® g PN NBsr 30 minutes, adding bromine in the

sol utl on @gﬁp'ﬁﬁ 'épc%éé %Euoﬁa? @.@& bof b dtiel Prwiichesigap-flingematerial iwan be

collecte reprec Ing it in one liter of distil ter.
The V\/elaﬂp:(iled\telaaaybst!'et%ha\rlag h@%Sthhef# refrenceciNphg! & dengigy 44¢ ci) pi%gﬁd'@?
preferably 1000 to 60000, further preferably 1000 to 30000. In addition,
such a polynmer can be al so conner0|allé avail abl e. [0056] In the copolyner
conprised of the repeating unit rept@sented by the Formula (2) and the

repeating unit represented by the Formula (4), a p-vinylphenol unit
represented by the Fornmula (2) is a main conponent thereof containing 20%
or nore, preferably 20%to 80% of the repeating unit based on the total




[0057] In the copol yner conprised of the repeating unit represented by the
Formula (2) and the repeating unit represented by the Fornula (5), a

.p- Vi nyl phenol unit is a main conmponent thereof containln%q§0@6or
preferably 20%to 80% of the repeating unit based on the ?'é'l'arH r ' of
repeating units in the copolyner. In addition, for exanple, such a

"copol yner can be obtai ned by dissol ving commer ci al | yavai | abl e

p- hydroxystyrene nmonormer and nethyl nethacrylate in propylene glycol, 18

10 J { {
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D by GreaaRt i et AREES ha ATy X SBPIEAEr P db A e as deethe
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initi a&‘%ﬂ H@gg??zf??'ﬁﬂgﬁfqgté EI Es‘ﬁfrﬁ’l?\y% rogen at nosphere while
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wei ghtardMye b et St Aer is 1000 to 100000,
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addi N, AE0RIHCRRIHAMIELY B feRBcdN fbin o Bppe ¥iRide’ 8 N siibdtidta] 0B, @nd
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react ireflectionufiosm the boltomasudaes £t a cehptetesisl @k cheqtime
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amount of the crosslinking agent varies depending on the application
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[0071] The devel opers which can be used for the positive type photoresist
coated over a gap-filling material for lithography formed with the use of
the conposition for formng a gap-filling material for Ii ra f the
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silicate, sodiumnetasilicate, aqueous ammonia and so on; primary am nes
such as ethyl am ne, n-propyl am ne and so on; secondary am nes such as
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10 January 2005 Synthetic Exanple 1 [0078] In 300 g of a solution

(manuf actured by LANCASTER Co., Ltd.) in which p-vinyl phenol nononmer with
a solid content concentration of 10% by wei ght was di sso qu i n gnagopylene
glycol, 11 g of styrene nononer (Tokyo Kasei Kogyo Co., L ?9“%3

di ssol ved. Then, the solution was streanmed with nitrogen for 30 m nutes.
‘0.7 g of azobisisobutyronitrile (AIBN, manufactured by Junsei Chem cal Co.,
Ltd.) as a polynerization initiator was added while hol ding the reactlon
solution at 70C, and was then stirred in a nltrggen at nosphere. A react ant
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[0088] Furthernore, 1 g of the obtained poI yacryl ic acid was dissolved in 3
g of propyl ene glycol nononethylether to prepare a 25 wt% sol ution

thereof. The viscosity of the sol ut on measur ed by an E-type rotational
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[ 0089] The coefficient H defined as [logarithm c change in viscosity (nPas)
] / [change in solid content concentration (% by weight)] was 0. D69 under

the neasurenent conditions of a solvent tenperature of 235 %%@d d
content concentration of 8.3 to 25% by wei ght. 27 10 J u%’\‘z‘

Synthetic Exanple 4 [0090] 30 g of hydroxypropyl nethacrylate (manufactured
by Junsei Chemi cal Co., Ltd.) was dissolved in 120 g of propylene glycol
nononet hyl et her, followed by stream ng the solution with nitrogen for 30
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m xed vinethagndatg. of t et r amet hoxynet hyl egcoI uril and 0.02 g of

par at ol uml f | h | Q4 ed of
173 g of ro:ﬁ Sﬂk&%cgg?j%r%ﬁgt% | ‘et her a‘rr'ﬁﬁﬁgréheaaﬁgropyl ne gldﬁ:ol
er

nmononet h a’&é@%% celulgpe.ccaliylos e@%eiaireut:@lbﬁoa%@rr , anghehitesaan

sol uti onaeay)f | Cigteme ééidQU&Bto?né”a%id%' ﬁahhgrarmﬂ@rqu @ ofet hulfmeamdm a

et or | TSy 01 PXADPRpietybBGHoNRe, GBI croloBats. RAOPYLFINIUAR, FBFChEM and

ﬁtyrenmﬁabhatgﬁedl ||n Sylnt hetic Exanple 1 vv?s mxed with 4.0 g of

0. 04 2 10..J 2005
et AL, W TS 3 4 S Pt PR s o
190 ¢ tc‘a;l]dehydlet h;sl mnme?bws@Incemifomtdvjdretﬁ;melan?'l&%ptgenélsplmobglmei theren
ot TP i Praer hgnfh SofbRol shrerasel rhebDyE B AP B, o
por e srplhenof pethyl phenbb qsbelphpbeaolgmmw,rltprmmo; qn-bbtyﬂ rpheagoh 2 apeyleridl| Blg

t

o on aediilenp|  SEHTRMG o FF N knek AR kudies\ Blo BuRHRERI thtendl, RS20,
Egr rr:])fnmneﬂwl ?merroi L@%)emcbnpinermln?rydrowme ,ngatechol, r soesinol eﬁnngthylhg o
o o plrsebobfanEbdinnatagnthof & -mRBhRLDRIHEEF (L tnytintarol; aed
conpr i esterob-rizepiend!, mmn;dpmeoglmﬁronfrenohm-nplomwmnqknm gllorephsmol,
propyl ﬁ'&,ﬂﬂo&ﬁ@ho@ﬂé’%tm le A?ﬁé?g‘ﬂf‘érﬁt Q &ﬁr Ou r%@olli: @re\f%f ) §9(ka|étn'o?”

t her eo 'ven solution was 'tere
pol yet By Eyiermlr t h 25pylenad; ze 203 Sdrimsthyl nph@n@ir epdﬁ@@l%nﬁﬁgr t4-BrEthyr

formn terial. The resulting conposition was subjected to
a GPC ge r&@?&ér‘eﬁ’eﬁaﬂ% g'et aver age nol ecul ar wei ght thereof was 6000 in
y

terns of[mﬁﬁ] st Budhemmere! yraédeéwdpeotrfe]besm@mwsw wity e
LYNCURrH@tr%@éd %rﬁeﬁ%b Y fitldde, :fﬁﬂeS?ﬁmBl’eD%hﬁé!@eﬁ!lrd’éoﬂnoﬁ&ﬁ‘oﬁﬁr‘alfdm%mﬁﬁ yded

prepare a % sol ut1 on t her eof Il scosity of the %tlo[?)ropﬁsured

by an mzsarj@emmeata@taldebv@eon@pevl alsiehyde, phagylhgldebyde, o -pheny
aldehyde, j -phenyl-propyl aldehyde, o-hydroxybenzaldehyde,

. m-hydroxybenzaldehyde, p-hydroxybenzaldehyde, o-chiorobenzaidehyde,
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[ 0097] The coefficient H defined as [l ogarithm c change in viscosity
(nmPas)] / [change in solid content concentration (% by weight)] was 0.029
under the nmeasurenent conditions of a solvent tenperature_of 25C and a
solid content concentration of 8.3 to 25% by wei ght. Exaffrandawy 244398 40
g of a comercially-avail able brom de of poly para-vinyl phenol (MARUKA
LYNCUR MB, manufactured by Maruzen Petrochem cal Co., Ltd.) conprising a
repeating unit represented by the Fornula (3) was mxed with 4.0 g of

h th t hyl gl ' d 0.02 f - | f oni i d d
"ot naTNGObPARde Ryt Sofipinbengapphids SRtsbehgaliBRIGE | P00 OF) Cor”
rrpnorretﬁ;{{{ﬁﬁ@-yzﬁwya@?pw@?bm@%éme, glrgemylhm:aahdphydé,et h]?-r| 1z:icet St '?ht 0 )
ive an 11. % s0| uti on thereof . e give iltere rou
! i or Gormsthubengadebyde ety beraior ot CEOPERSHERBBNIES o' 0c o m 1o
prepar e?%tmﬁ?@ﬁxaémet onp-értﬁymengalde_gwe,f | p-normgab cbutyll alsighyde.y fofusal, .
mat er i r t hography. e resylt cte
anal ys%"%ﬁ?f@h@%?g%ﬁmpﬁggﬁx%e%ﬁ?a?%?%d%%gﬁg%fl I/Igsdae GOO%HIIélthaerns
of t he thémpetanthidetydetiy speeificalopeferable. 5 (0099) 20 g of a copol ymer of
-vi nyl t hyl A |.A [ ' tubi .
i xed”w T30 Ehe AhevtrmABOqTRE, heBlerBa e Eopdlvmeal it arplRcdss. vas
Eggabt chhhauesmbhlome: except Mpwmerms:?lbsdcﬂhm@.? g: that @!rxégﬂ |Ig%§ﬁfg£§£g | of
mnbmgﬁﬁlﬁhf%%g%g’toﬁ Iég'fggé"’ I:I\ggojaﬁgggg ijI?' E%?g?gt [l) ﬁnl‘}?gggﬁ&% ;r'éggjr% qvcﬁn
sol uti amc ir | exareplet Br camgpoundrihaving pne aadditale a
\ _ i . " idbki
et or | PRSIt (BnTaLYE SIS PachyepilEsS) el e P hanol
resi n ayirarapounds, viybatheny WNILGSFQ!%r@L’ @"&F’PI@"F SFIaeB%m ng Formul a (8)
RESI TOP 4 i f ' } d isides, Gneth
e P Moty 15 e QB o e v
par a- t GstarheMathasylamides; al Q%goq -HI;I'Q’Z& VERE I’WVE g r%'e%Iy compri sed of
371 Ipecdd Lt d 159 f I I I
IR L g i vy et A P S g R
: I%H’ér B Jrshed arga BOME
sol ut i on[Q039] 1 iAGNEHCRSIERY G‘II%Ilaﬁry ?I‘@I’WI%% ' ngol I't8r "of ﬁg Wmto
prepare gaagpqaéﬂwb@wu&@stém rilkyy methaprilatel hangngreenealkyl greup iof thégriébhy .
Forrmul a (.8 ubsequently, 1 g of RESI TOP PSM d326 was dissolved in 3 g of

propy| &R %ﬂ HOHS: nononet hyl et her to prepare a 25 W t % sol ution thereof. The
vi scosi t jo0#1]t hacstdmidesn neascrylachidg, an Nealkytaerylsmide,on N-anacyagtide. was

o R BRI S PRSgB " N sie Ol ar
N-2-acetamidoethyl-N-acetylacrylamide.

[0042] Methacrylamides: Inethacry!amide, N-alkylmethacrylamide,
N-arylmethacrylamide, N,N-dialkylmethacrylémide, N,N-diarylmethacrylamide,
N-methyl-N-phenylmethacrytamide, and N-ethyl-N-phenylmethacrylamide.

[0043] Vinyl ethers: alkylvinyl ether, and vinylaryl ether.

[0044] Vinyl esters: vinyl butyrate, vinyl isobutyrate, and vinyltrimethyl acetate.

[0045] Styrenes: styrene, alkyt styrene, alkoxy styrene, and halogenated styrene.

[0046] Crotonic esters: alkyl crotonates such as butyl crotonate, hexyl crotonate,
and glycerol monocrotonate. _

{0047] Furthermore, dialkyl itaconates, dialkyl esters or monoalkyl esters of
maleic acid or fumaric acid, crotonic acid, itaconic acid, maleic anhydride, maleimide,
acrylonitrile, methacrylonitrile, maleylonitrile, and so on can be also used.
Additionally, in general, an addition-polymerization unsaturated compound which is
capable of copolymerization with a polymer that contains at least 1 or more hydroxyl

groups, which are cross-linking reactive groups, per repeating unit can be used.
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[change in solid content concentration (% by weight)] was 0.053 under the
measurenment conditions of a solvent tenperature of 25C and a solid content

concentration of 8.3 to 25% by wei ght. Exanple 77 [0101] ,20 of
copol ymer of p-vinyl phenol and nethyl methacryl ate obtai ﬂéd’aﬂﬂagﬂ/fﬂ%et ic

Exanple 2 was mxed with 4.0 g of tetranmethoxynethyl glycoluril and 0.08 g
of para-toluenesul fonic acid and was then di ssolved in a solvent conprised
of 38.5 g of propylene gl ycoI m)nomat hyl et her (boiling point: 121C) and

2% 3 0 BB R e RO T b Rt e e
mi cr o- f plésent imention maymt au*@m@ of réhdem po @spbmr@om@@paﬁdt irafn “for

copol ynBPYERR. It AATD kBB AR e it P h°ﬂ9§€%lr35§a859§m@&a%% e

Exanpl ep@lymesizatiow dcationic ﬁol9n@n@ét:drﬁtdrahetlkexyFaﬁhetmgﬂa/eovanety cﬁrfdnﬁs 08
| f oni c acid and was then,dissol,ved _in ri sed

of 55, coueERERHon BRlvPndiiRalip R e aiRRs e A e R gof PATFrZARY L o
(bIOI i ng\asspnltymal&wbntar?dgawm aan&e&:safﬂ_t % sol ution thereof. The given
So1ut o0 g, hE bt AL b5 Bi A BB R el LM BRR B 2
mat er i laﬂthEmrﬂula Kbgr dplother Bxerdp) m‘oglo[edjtha] tmegeatlngi uoipeprasentest by the
b xed i gpe 1] ds TRigpondHticbiote fod i€ of RoRffboline? BF B HeRu KA RhEretr 1o
par a- t dtansistiag| af she cepeatingaumit mseaemed gv érse)FoenuIar(wameJ@ma eapalymeed of

38.5 9 Qm ;E’r'i%%’&ﬂﬂglr?ﬁé@ﬂmg Im?%%%% Bfihépsrrﬁ&aﬁépgﬁ«gv/aﬁ ﬁ{éwlagaa.@ ycol

nononet hyl et I ng 0 gl ve an Yo sol ut'1 on
t her eofunitigRpaly mernzmtherewmas filtered through a micro-filter made by

pol yet hyy m]vm %@rawg:?a?mgr% ri%aoﬁﬁéfé%%abéogpﬂﬁ Jfal\lzo g of a

formng a gap-fil gmaterl
copol yrFé’PS@I'"a qfuthwsn@afmg HRA oﬁﬂwfprmﬁ%h(id G| %P@P%IMH@FWWS
Exanpl ¢epeditfy GhiX pebrésbhted: meOFoﬁﬁstanthrfebEHImgathwa {in ﬁgﬁbt.fb 08
of para-t.ol uenesul f'oni c t Hﬁl ssol ved ip.,a solven |sed
of 55, 8haf alianz)an AEaHco BISH R ATPEINAAS FEiST MOIRMEA 8 38, 5
g of cmérebﬁxanone (boiling point: 155.7C) to give an 8.5 vv/t%sol utlon

h am Lter nade b

h f. I d.th
po yot 01 o i e tnedfiot S aremali o8, e el ca henehe B
form n?eazgaae)]fmglﬁaymgl mﬁumtltaént;mrthf ::kdsi\togr?phy :Ex?m I nt a 11 [0105] Zg ? of
a copo 7 - Vi n and ne me [ obt ai,ned _i nthetic
Scanp e DO52E sty 8 soBUS e R e e AR 1 Rt 05 ¢
of par aStm'Ietha,rleselIiycbnl prapyld aotyi,wahexylen hydesgymethyl| n Z}hyMOxgetl'lyd:orm‘rl sed

of 38.§ o) | ene gl ycol nononethylether and 38.5 g of propyl €ne
choI né&hy’%t her acetate (boiling point: 146C) to give a 8.5 Wt%

sgl uti or{oosal eMoareEpecifically) tbe ipotyiner tadwe Gséd & the o;mnpeghorafmn farmmfg Bt er
or 1 oJapTANG' MAUEHS, B e pRRERL hehtRh, fhe” b8 ﬁ‘é@@ngara bR ¢ 1
[ 0106j compgsgd o& aor@nﬁﬁtlrag snityepresentgd ky the I]'@tthIEe(Ré 0 I(§k &I g PEPOIES| ene
a I f S55h 14. 2
g I),I‘: Ot%%ﬁaﬁ%é’%%g ﬁ%%#mgbg%g@%eﬁg%f%e EEIIITII'IIaIIg?aIi'II ﬁéﬁ%sul fQ(I)I’IIIIIcI acid
and M§W¢ﬁﬁﬂ§¢§¥6h%§éfmﬁaé sé@) ¥ bh)- conpri sed of 457 g of propyl ene glycol

nmonomet ubslrevrhérﬂépéaaﬁlgq"ﬁfreaféwﬁwsyme/FQImlmar(Q twamt erm&érﬁiﬁ to

glve 8% sol ution théreo | ve sol ution was fll
micr oaIT‘?'I’PB‘P lyered @b Eﬂﬂn@ﬁgpﬁyﬂhy IPQII’@"Q/IIIZPIIIOB ah§Heh §|f§Be%If"£bU tYéP ﬁ?fépar e a
cormosbyz a%nbeﬁném hétod. JFBr fristariced itRinethé abtdimsd bytsh@ghﬁﬁgsa sélatipar ati ve

Exanpl ¢ prepared by dissolving p-hydroxystyrene monomer in propylene glycol (manufactured
by LANCASTER Co., Ltd.) with nitrogen for 30 minutes, followed by addition of
azobisisobutyronitrile (AIBN, manufactured by JUNSEI CHEMICAL Co., Ltd.) as a
polymerization initiator while holding the reaction solution at 70°C, and stirring for 48
hours in a nitrogen atmosphere. A reactant can be collected as powder by
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[0107] 40 g of polyacrylic acid obtained in Synthetic Exanple 3 was m xed
with 14.1 g of tetramethoxynethyl glycoluril and 1.4 g of

par a-tol uenesul fonic acid and was then dissolved in a so sed of
371 g of propylene glycol nononethylether and 159 g of p5%§§%%%&EEP§co|
nononet hyl et her acetate to give a 9.5 wt% solution thereof. The given
solution was filtered through a micro-filter made by polyethylene with a
pore size of 0.05 a mto prepare a conposition for formng a gap-filling
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8.5 9 t . [ i S i rou a
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hot pl ] fgéfﬁﬁaﬁj %0/} t81 ét}'% %ft fhef ainhg lﬁmf]%ﬁ@é&tdd’%éi%laf Lk of

materia | ckness ap-filling
mat er i EBRLAHO YMitSHO %QWO'M@% d||ﬁ[§!é’dltlorﬁ' fo51axamrle t eaﬁ%laﬁ;lymsr caBdest |

for exgpplifed ewyblsgaﬁfr@t ecmem%@mb@ W%kd:@p@@?érﬁb" @lohemero aggnf i rm

t hat they were 1nsol ub in these sol vents. The c ositj.ons, Lor
f or mi nEYEERRPANONETG PReRenaglyeek fcrllom%%w@ﬂwg thgaeaafmiw
obt ai NARrdg@nERRNDY Ginktded édd.ﬁ@%z%mmﬁymmtméamem és @pﬁimr&ampﬁl i ed

to the regpectlve sj licon wafers by nner an hen .heat.ed gn a hot

pl at e itiaios @nd, stifing 148 TeUro g RIS eeareesh eg\%'y%.m%mﬁg‘ At0f al s
for | tdaaibARBLLOR- AZECM Nvehictdnt tah@m@btedﬁasp@waécbwépreamaaimite

resist, solu act ur ed Ile
he ¢ o #18 er 6f SEHIEG MBI | 1 hAgvaIaiErYipR groEtY RO PR " TS PREPA Hner
aﬂd wasooheas 100006d m@fetélﬂyhglol?otmmoen me‘raneiererblyuuatflo Abt:ﬂ}O&Q(del ng
the resi st-e sure bakjn t 90C for 1.5 m nutes.
Af ter %@b?%'ps{ﬁ% 1 Haﬁﬁb%icéﬂb% ﬂ'&o%ﬁﬁ?%ﬁ%&%@ﬁg@? the gap-filling materi al
for lit r[ogsaphyn whs coasyrmed cbmprrsem ofnthéaepedtange unitsrapoesanted nbyithg
bet wee fihi erials e slto
4" and CRIMARder aodethBPEal i TRbNestlad B 308 ForRi 817 pRiHENE
unit is @ main component thereof containing 20% or more preferably 20% to 80% of
the repeating unit based on the total number of repeating units in the copolymer.  In
addition, for example, such a copolymer can be obtained by dissolving commercially-
available p-hydroxystyrene monomer and methyl methacrylate in propylene glycol,
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Test Exanple 3 [0113] The conpositions for formng a gap-filling materi al
for lithography obtained in Exanples 1 to 4 and Conparative Exanple 1 were

appl ied over the respective silicon wafer substrates hawﬁ hol es 25 a m
in diameter and 0.9 a min depth) by a spinner and were tiRalRny 8Qf on a
hot plate at 205C for 1 mnute to formtheir respective gap-filling

materials for lithography (0.24 a min filmthickness). [0114j
Subsequently, a planarizing factor was evaluated by observing the
crosssectional .shape of the obtained substrate using a scanning el ectron
micr osd@ﬂ@ﬂecsmw streaming dharreaction fsatition with tittogeh afbe BOaetinuidisngadding he

h the %%Bsmt SHUONIATARBR] o slbiAS! 2N igRibt af i RoN6 4 Mpls B 2 7°
- al b] Nitragen atmqm-em@mmleaﬁamtammgﬁbemewm sniutnjn ah20°¢ap-A réadtaot can eri al
for |itHRogsiRRRMg he ptouﬁie?%gtl%?ré(}f?ﬁ&dtfﬁ@ lﬂfoﬁehf?tepgk ﬁrstli?e%wﬁeldewb Wﬁbérﬁol os

hol e. [0116) The substra at e havi
i n | so RRICHelequiarweight efdhisinaligneris d@00ro Hi0§O0Q. prefarablyd! 0 todiGD00s one

n wh e t nt ol 0.t ,?ﬁ%} t

;dj ac:a(rfltthnﬁhéc\)rlegqj(:3 %Pfd]feéé?q)%s%grggerq? hgﬁd?ﬁh gbre e?g he Ié]ROPQ EEO

t he DefSERaiciadlyavadalgée in which the distance fromthe center of a hol e to
the cent pyose] tlh&h@b@%@@heh%cﬁnbﬁsé%ﬂ%'théoreiﬁ‘étlﬁéa\.?’]Fﬁtt ;?r‘éEeHé%l §9' meThe

d h f h
ngjary ; E’ &%@aﬁrﬁ fGtR?P%'?}T l%lr']‘n{ﬂnf%%ﬁg&% hﬁur@nﬁw'ﬁﬂﬁb a prénylphgnol
]E hi ckneaﬁ re;bresanhacpw th@ﬁoﬂhu{ahﬁl) Sylbsrﬁm €orh 6ﬁ@ﬂsthﬁ§gﬂ%roﬁtﬁlmg|20%rbrf or
ormn roli
' osul + hdte? BRetotdny, 0ol IhidrR of e taiebARAY bASSH B H Etay hpd
?lsgsgoquatieglJrﬂigOnalﬁ)e tapolgmed3 I ddditiqn, foPelfap IlaO@u&lﬁ)t@ cﬁﬁ)ognér dl:'aqabBIZSOSSO
ative Exanpl e
120 gacBtl By, dissSRY SofisieyAlatis, BawalERARR: Bl o &ich of
tEQe CIO Qixydatbmls nfedhadrylateé rig mogwﬁnflglymdg fotioved by steamring hibgr eatyionf
a A
par m) cular? ﬁ%@‘é\?ﬁoﬁ?ﬁ qﬁénézg: ?‘E'l %g%abéq %b \s@tﬁgﬂ[@ (’&lﬁm t?"<§,qﬁ| res
sever ePQMm"Eﬂtb(m lnlnatqr,henﬁmtarrmg Her & heuemcue s eitvegen atro$pheret Whilkness
of t hemhifaipfi ngh%”re%Eﬁoﬁ Qafuheﬁ a?'?@ ée ”ﬁereaeﬁah{ PQ? ‘g;%ﬁ:[c?lgﬁt'eld és” P the

conp OSItIOﬂS formn materi a 0 ra anples'
1 t o 4epiggiitating c'éﬂ'b@"@ h@cr ot ﬁ@thrWQ rt i-dhe waightraperagr rnpl@@qjarrwelgihhg

mat er i gl tmsemymaa% hbao @@umdoo nﬁr%fé]raﬁlyuf(ﬁjd fd’G@(ind‘%ﬁﬁerabr%@eﬂaB s‘@ hGodense

porti es per uni ar ea on th bstrate

e. ol
(the HBI@b@m 'Py“j’ !t@”l ﬁ‘t’ﬁb? prYé'P\ertQ?é‘tb%P'SPr@m@Sr% Vtﬁ‘(ﬂﬁ'a \e[. i s consi dered
that thi[oossss Irethe Ceopotyméi odinphiseensietletmaninghant ifeprédentnass i the

.:: th g ér'mou a ?ﬂ an(P t?ne repeaP ing unln?eeprggérgtiag by tpre formuafa (ﬂr ge -\F/)lnglr;])%%(z) nig t

represented by the Formula (2) is a main component thereof containing 20% or more,
preferably 20% to 80% of the repeating unit based on the total number of repeating
units in the copolymer. In addition, for example, such a copolymer can be obtained
by dissolving commercially-available p-hydroxystyrene monomer and butyl
methacrylate in propylene glycol, followed by streaming the reaction solution with
nitrogen for 30 minutes, adding azobisisobutyronitrile (AIBN) as a polymerization
inittator, and stirring for 48 hours in a nitrogen atmoéphere while maintaining the
reaction solution at 70°C. A reactant can be collected as powder by reprecipitating it
in one liter of distilled water. The weight-average molecular weight of this polymer is
1000 to 100000, preferably 1000 to 60000, further preferably 1000 to 30000. In
addition, such a polymer can be also commercially available.

[0060] As a polymer to be used in the composition for forming a gap-filling
material for lithography of the present invention, poly p-vinylphenol, bromide of poly
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Test Exanple 44 [0120] For the respective conpositions for formng a
gap-filling material for |ithography obtained in Exanples 1 to 3, 5, and 6
and Conparative Exanples 2 and 3, as with Test Exanple S?Qﬁg?eva%ﬁ%i on was

conducted on the planarizing factor of a substrate on wh osition
for formng a gap-filling material for |ithography was coated. The
‘substrate used was a silicon wafer substrate having holes (0.25 a min
dianeter and 0.9 a min depth) and t he fllmthlckness of the gap-filling

t I 10 J bout ,
ot £ he Prigripheatlh CopoBmer BRI st FGréhdhecapoimss B PrungBreHsty. .
ot B T o) b ot a3 V‘"“”"Q".“”dr"”’ e
CooUl sEhacaeagns PoRaREL o PIRBhAIRT, 4T 'R Aol F’%‘Le W“‘-‘ia% ght) ]
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weight, further preferably 0.1 to 5.0 parts by weight per 100 parts by weight of the

whole composition.

[0062] The composition for forming a gap-filling material for lithography of the
present invention is allowed to contain a cross-linking catalyst. The cross-linking
catalysts include compounds capable of regutating the progression of a cross-linking
reaction, such as a compound that generates an acid by heat and a compound
that generates an acid by light. Among them, preferable compounds are’
a p-toluenesulfonic acid, a pyridium p-toluenesulfonic acid and so on. Even though
the addition amount of the cross-linking catalyst varies depending on the application
solvent to be used, the ground substrate to be used, the desired viscosity of the
solution, the desired shape of the coating, and so on, it is 0.01 to 30 parts by weight,
preferably 0.1 to 30 parts by weight, further preferably 0.5 to 20 parts by weight per
100 parts by weight of the addition amount of the cross-linking agent.

[0063] In the composition for forming gap-filling material for lithography of the
present invention, the solvents which can be used for dissolving the polymer include
ethylene glycol monomethylether, ethylene glycol monoethyl ether, methyl cellosolve
acetate, ethyl celiosolve acetate, diethylene glycol monomethylether, diethylene
glycol monoethy! ether, diethylene glycol monobutyl ether, propylene glycol, propylene
glycol monomethylether, propylene glycol monoethyl ether, propylene glycol
monobuty! ether, propylene glycol monomethylether acetate, propylene glycol propyl
ether acetate, toluene, xylene, methylethy! ketone, cyclopentanone, cyclohexanone,
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10 January 2005 on which the Iithographic gap-filler form ng conposition
was coated. The substrate used was a silicon wafer substrate having hol es
(0.35 a min dianeter and 1.0 a min depth) and the fllmthlckness of the
gap-filling material was about 0.22 ~ m Table 3 96 18 320{pMmury

pl anari zing factor of the film obtained fromthe conmposition for formng a.
gap-filling material for |ithography of each of Exanples 7 to 11 was high
as conpared with that of the filmobtained fromeach of Conparative

Exanpl e nd 5 and in partlcul ar the planarizing ability thereof was
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38  lfhohamethyleB{edScyclohexanone, propylene glycol monomethylether acetate and so
on. Among them, buty! lactate, propylene glycol monobutyl ether, propylene glycol
monomethylether acetate, cyclohexanone, diethylene glycol monomethylether, or any
mixture thereof is preferable. :

[0066] In addition to the above-mentioned E:omp'onents, the composition for
forming a gap-filling material for lithography of the present invention may further
contain a rheology adjusting agent, a co-adhesive agent, a surfactant and so on if
required. |

[0067] The rheology adjusting agent is added to improve the flow properties of the
composition for forming gap-filling material for lithography. Particularly, in the step
of baking, it is added for the purpose of improving the filling property of the
composition for forming a gap-filling material for lithography into the inside of the hole.
Specifically, the rheology adjustor include phthalic acid derivatives of dimethyl
phthalate, diethyl phthalate, diisobutyl phthalic acid, dihexyl phthalate, and butyl
isodecyl phthalate, adipate derivatives such as dinormalbutyl adipate, diisobuty!
adipate, diisooctyl adipate and octyldecyl adipate, maleic acid derivatives such as
dinormalbutyl malate, diethyl malate and dinonyl malate,  oleic acid derivatives such
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Clains The following listing of clains will replace all prior versions, and
listings, of clains in the application 1. A nethod for applying a

conposition to a substrate for formng a gap-filling matf |aIIj Wg(a gln t he
conposition conprises a polynmer solution conprising a poé/ ypuary soI vent
and has a coefficient Hof 0.06 or |less, which is defined as [logarithmc
‘change in viscosity (nmPas)]/[change in solid content concentration (% by
wei ght ) ] and a Vi scosity of 1 to 80 nmPas which is neasured at a solid

cont egy nbr‘?aé.‘é rbLRyl %ngaﬁﬁnctloxa SHLRS '8155{% agenktdamei agidat
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as height osition to forma planarized filling
| ayer PBHS tblyewelubbbaa@@ on2100r nartﬁ@ww@ngt:%ﬂtﬁ ﬁ@mpesnélpaufﬁfﬁ OB P33Rt i zed

in thﬂﬁm%*ﬁ%t@ﬂ% th %5@; I0% by weight or nore of a solvents) having a

boi | oi nt ass transition tenperature of the polymnmer
based 6Bk mtﬁ @oﬂheéw agerﬁ isTaAdetk th JAPERVEL BH?%°E|%€W?§R the

char agjy l%tfaﬁ@%r 'r@su&f‘é‘ﬁd thee cBRipos AiBneI frmihg bhﬁ-fmﬂig\/m@tér)al ifor ﬁtﬂﬁ‘g @phyor e
hi gher than the glass transiti n te erat ¥ ks ‘{{éﬁ met hod
accor 80P PEVEnting resist Rattem lApes v'@ﬁ@%%\f‘%"f’)wa i sossiily
sol Veﬂhbs)cd'—édﬁé@ié e e 5ch!3hﬁll§ﬁéé10$hd'ccas diringethyl chéorosilane,
o Siptbney| Sobayieene RVElb b el Hlarhe SRR
di et hmhemugrhe/caﬂd soNTEdkostyesitetes suctamg mimethylemetiemagosilarg, dimethidt hod
o o BB e b o8B S i, Y ihagy Saspe, dapset =
dimethoxy s;lane phenyl tnethoxy silane and so on, silazanes such as hexamethyl
disilazane, N,N'-bis(trimethylsilane) urea, dimethyl trimethylsilyl amine, trimethyisilyl
imidazole and so on, silanes such as viny! trichlorosilane, v -chloropropyl trimethoxy
silane, v -aminopropy! triethoxy sflane, v -glycidoxypropy! trimethoxy silane and so
on, heterocyclic compounds such as benzotriazole, benzoimidazole, indazole,
imidazole, . 2-mercaptobenzoimidazole, ' 2-mercaptobenzothiazole, - 2-
mercaptobenzoxazole, urazole, thiouracil, mercaptoimidazole, mercaptopyrimidine
and so on, urea compounds such as 1,1-dimethylurea, 1,3-dimethylurea and so on
or thiourea compounds. These co-adhesive agents may be normally compounded in
the proportions of less than 5 parts'. by weight, preferably less than 2 parts by weight
based on 100 parts by weight of the total composition for forming a gap-filling
material for lithography. '

[0069] In the composition for forming a gap-filling material for lithography of the
present invention, a surfactant may be compounded to prevent the generation of pin
hole, striation or the like and to further improve thickness uniformity of the various

' location on the substrate. The surfactants include, for example, nonionic surfactants
such as polyoxyethylene alkyl ethers including polyoxyethylene lauryl ether,
polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polyoxyethylene oleyl
ether and so on, polyoxyethylene alkylallyl ethers including polyoxyethylene
octylphenol ether, polyoxyethylene nonylphenol ether, and so on,
polyoxyethylene/polyoxypropylene block copolymers, sorbitan fatty acid esters
inciuding sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan monooleate, sorbitan trioleate, sorbitan tristearate, and so on,
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7. The nmethod according to claim1l, characterized in that the polymer is a
honmopol ynmer conprised of the repeating unit represented by Fornmula (1)

Formula (1) wherein R and Rz each independently represe a hyd n atom
.a nmethyl group, a fluorine atom a chlorine atom a bronim‘éa'b"{%ﬁagﬁga cyano
group, or a copolymer conprised of the repeating unit represented by
"Formula (1 ) and a repeating unit which is a vinyl group that contains an
aromatic noiety or a carboxylic acid ester noiety on a side chain thereof.

8. The g @?r géﬁgaﬁofwi Hid. eshatamdidingd polyokpethyleme padrbitan i s
o e shsers O SHLFRGIAR A
Uit oS tnd, fiRy Rt fend %"‘?"?:8F%‘Fi‘f@?a”bwmmhem‘am et

2005 l1and sheonefluotinerbasedi suifactants S4aM7 | c%ﬁ'ﬁlpagﬁ gpﬁz% @t%%? 1[?ng‘éﬁol yner

's a ﬁg‘gﬂtﬁféﬁpreegf Bg‘lycﬁéhfhPﬂSHucQé‘K Kyr KegafathFeh1 cBAP8, Re@8 @ande i ng

lrjg:c; es(mari?ﬁfcr;yredobmmgigggo% fnzk) arﬁ " Cheridafd 168‘3, F16:20°RE438 474 (FC431

(manufactured by Sumitomo 3M K. K.), Asahi-guard AG710, Surflon S-382, SC101,
SC102, SC103, SC104, SC105 and SC106 (Asahi Glass Co., Ltd.) and so on; and
organosiloxane polymer KP341 (Shin-etsu Chemical Co., Ltd.); and so on. Amount
of these surfactants to be compounded is normally less than 0.2 parts by weight,
preferably less than 0.1 parts by weight based on 100 parts by weight of the total
composition of the present invention. These surfactants may be added solely or may
be added as any combination of two or more surfactants.

[0070] Either of negative- or positive-type resist can be used as resist coated over
the top layer of the composition for forming a gap-filing material for lithography of the
present invention. The resists include a positive-type resist including a novolac resin
or 1,2-naphthoquinone diazidesulfonic acid ester, a chemical ampliﬁ_cation type resist
comprised of a photo-acid generator and a binder having a group which can increase
alkaline dissoiving speed by the decomposition with an acid, a chemical amplification
type resist comprised of an alkali-soluble binder, a photo-acid generator and a low-
molecular weight compound which can increase decomposition with an acid to
increase alkaline dissolving speed of resist, a chemical amplificafion type resist
comprised of a photo-acid generator, a binder having a group which can increase the
alkaline dissolving speed by the decomposition with an acid and a low-molecular
weight compound which can increase the alkaline dissolving speed of the resist by the
decomposition with an acid and the like, for example, including APEX-E
(manufactured by Shipley Company).

[0071] The developers which can be used for the positive type photoresist coated
over a gap-filling material for lithography formed with the use of the composition for
forming a gap-filling material for lithography of the present invention may be alkaline
aqueous solutions of; inorganic alkalines such as sodium hydroxide, potassium
hydroxide, sodium carbonate, sodium silicate, sodium metasilicate, aqueous
ammonia and so on; primary amines such as ethyl amine, n-propy! amine and so on;
secondary amines such as diethyl amine, dinormalbutyl amine and so on; tertiary
amines such as triethyl amine, methy! diethyl amine and so on; alcohol amines such
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Formula (4) and in which 20% or nore of the repeating unit represented by
Formula (2) is contained based on the total nunber of the repeating units

in the polyner. 11. The nethod according to claim7, chargcteri zeg 6&1 t hat
the polyner is a copolyner of p-vinyl phenol and nethyl ﬁr@ﬁfﬁ? Q05 \whi ch
10 January

conprises a repeating unit represented by Fornula (2) 41
2005 Forrmula (2). and a repeating unit represented by Formula (5) H3 CH=-C

C=0 Fornula (5) 1 OCH3 and in which 20% or nore of the repeating unit

Feheat PhalitMYSTRAR: Anisl stiéinaRal Sz aRE s afnatdBamaty raMeRafy, s "©
char acsuch zsdetramiettatl arvaopilny riydréxide, metmmnmbnmmlhquﬁmmhdm

2- hydr 9y %4 Yon; "EYdIRCLMiRLS Ut 68 SOPRE! HiseihEPSRE ' &P dr" 4HA 24 %an.
Furthermore, alcohols such as isopropyl alcohol, anionic surfactant and the like, and
so on may be used by adding proper quantity thereof to the alkaline agqueous soiution.
Among them, a preferable developer is the quaternary ammonium salt, more

preferably tetramethyl ammonium hydroxide and choline.
[0072] In the present invention, a semiconductor device can be manufactured by

forming an integrated circuit element by transferring an image on a substrate by a
method comprising:

a step (A) in which the above-mentioned composition for forming a gap-filling
material is applied to a substrate having holes with an aspect ratio of one or above,
where the aspect ratio is defined as height/diameter, and is then dried to form a
planarized filling layer on the substrate;

a step (B) in which the resist is applied and dried; and
a step (C) in which an exposure, a development, and an etching are

performed. Then, a bottom anti-reflective coating can be formed before or after the
formation of the filling layer using the composition for forming a gap-filling material in
the above step (A). -

[0073] The method for manufacturing a semiconductor device of the present
invention will be more concretely described. At first, a composition for forming a
gap-filling material for lithography is applied to a substrate to be used in the
production of a precision integrated circuit element (e.g., a transparent substrate such
as silicon/silicon dioxide coating, silicon nitride coating, glass substrate, ITO substrate
and so on) by an appropriate application method such as one using a spinner or a
coater, followed by baking and curing to obtain a gap filling material. Preferably, here,
the gap filling material may have a film thickness of 0.01 fo 3.0 um and the baking
conditions may be at 60°C to 250°C for 0.3 to 120 minutes. Subsequently, a bottom
anti-reflective coating is coated and is then baked and cured to form a bottom anti-

- reflective coating. Furthermore, a photoresist is applied and is then exposed through
a predetermined mask, followed by developing, rinsing and drying to produce a
semiconductor device. If required, two stages of baking with different temperatures
and post exposure baking (PEB) may be performed.

[0074] In ancther method for manufacturing a semiconductor device, a
composition for forming a gap-filling material for lithography can be obtained by
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and a

For mul
repeating unit represented by Fornula (2) is contained b E%'on t ot al
daiy3

~nunber of the repeating units in the polyner. 13. The ne
7, characterized in that the polymer is a copolynmer of p-vinylphenol

claim

repeating unit represented by Fornula (6) 42 wunit represented by

a (2) 10 January 2005 Forrmula (6) and in which 20% or nore of the

and butyl acrylate, .which conprises a repeating unit represented by

Formula (2) Formula (2) and a repeating unit

For nul

represented by Fornula (7)

fgrrr(:iﬁzj a4§ottom anti-reflective coating made of an inorganic material on a substrate
to be used in the production of a precision integrated circuit element (e.g., a
transparent substrate such as silicon/silicon dioxide coating, silicon nitride coating,
glass substrate, and ITO substrate) by, for example, the CDV method, and applying a
composition for forming a gap-filling material for lithography thereon by an appropriate
application method such as one using a spinner or a coater, followed by baking and
curing to obtain a gap-filling material for lithography. Preferably, here, the gap filling
material may have a film thickness of 0.01 to 3.0  m and the baking conditions may
be at 60°C to 250°C for 0.3 to 120 mfnutes. Subsequently, a phatoresist is coated
and is then exposed through a predetermined mask, followed by developing, rinsing,
and drying to produce a superior semiconductor device. if required, two stages of
baking with different temperatures and post exposure baking may be performed.

[0075] A substrate having holes can be favorabiy planarized by means of the
composition for forming a gap-filling material of the present invention. In the polymer
to be used in the composition for forming a gap-filling material of the present invention,
there is introduced no aromatic group having a light-absorbency such as is present in_
the polymer to be used in the composition for forming a bottom anti-reflective -
coating, thus realizing a larger dry etching rate. Thus, it has a larger dry-etching
ability as compared with that of the photoresist to be coated on the upper layer and,
as the case may be, as compared with that of the bottom anti-reflective coating. '
Therefore, a film thickness of the resist can be reduced and a fine image can be -
transferred to the substrate. ’

[0076] As a method for attaining further enhanced planarizing ability of the
composition for forming a gap-filling material for lithography of the present invention,
there is a method in which the glass transfer temperature (Tg) for a polymer to be
used is lowered a little to provide it with a fluidity at the time of baking while making it
become insoluble to the resist solvent after complete solidification. For this purpose,
there is conceived an idea of slightly decreasing the cross-linking points. For
attaining such a function of planarizing, there may be conceived a various kinds of
methods including those concerned with the polymerization degree of the polymer, the
concentration of the polymer having cross-linking points in the composition, the
percentage of the polymers having cross-linking points in the total solids, the selection
of additive components and so on.

[0077] Hereinafter, the present invention will be described in detail according to
Examples thereof. However, the present invention is not limited to these Examples.
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10 January 2005 and in which 20% or nore of the repeating unit represented
by formula (2) is contained based on the total nunber of the repeating
units in the polymer. 14. The nmethod according to claiml1, wherein the
cross-linking agent is a methyoxymethylated glycoluril cdfplAn@nsg005

met hoxynet hyl ated nel am ne conpound. 15. The nethod according to claim1,
wherein the cross-linking catalyst is p toluenesul fonic acid or

pyri di um p-tol uenesul fonic acid. 16. A nethod of manufacturing a
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[0081] The coefficient H defined as [logarithmic change in viscosity {mPas)] /

[change in solid content concentration (% by weight)] was 0.041 under the
measurement conditions of a solvent temperature of 25°C and a solid content
concentration of 8.3 to 25% by weight. | .

Synthetic Example 2

[0082] In 100 g of a solution (manufacti.ared by LANCASTER Co., Ltd.) in which
p-viny! phenol monomer with a solid content concentration of 10% by weight was
dissolved in a propylene glycol, 8.5 g of methyl methacrylate (Junsei Chemical Co.,
Ltd.) was dissolved. Then, the solution was streamed with nitrogen for 30 minutes.
0.7 g of azobisisobutyronitrile (AIBN, manufactured by JUNSE!I CHEMICAL Co., Ltd.)
was added while holding the reaction solution at 70°C, and was then stirred in a
nitrogen atmosphere. A reactant was collected by re-precipitating in one litter of
distilled water. The resulting sediment was filtrated and was then dried to obtain
powder of the polymer.  The resulting polymer was subjected to a GPC analysis. As
a resuit, the weight-average molecular weight of the resulting poiymer was 5300 in
terms of the standard polystyrene.
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[0094] 20 g of a copolymer of p-vinylphenol and styrene obtained in Synthetic

Example 1 was mixed with 4.0 g of hexamethoxymethylol melamine and 0.04 g of
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dassolved in a solvent comprised of 2 9 g of propylene glycol monomethylether and

100 g of propylene glycol monomethylether acetate to give an 11.8 w/t% solution
thereof. The given solution was filtered through a micro-filter made by polyethylene
with a pore size of 0.05 1z m to prepare a composition for forming a gap-filling material.
The resulting composition was subjected to a GPC analysis and the weight-average
molecular weight thereof was 6000 in terms of the standard polystyrene. .

[0096] Subsequently, 1 g of MARUKA LYNCUR MB was dissolved in 3 g of
propylene glycol monomethylether to prepare a 25 w/t% solution thereof. The
viscosity of the solution measured by an E-fype rotational viscometer was 7.6 mPas at
25°C. - )

[0097] The coefficient H defined as [logarithmic change in viscosity (mPas)] /
[change in solid content concentration (% by weight)] was 0.029 under the
measurement conditions of a solvent temperature of 25°C and a solid content

concentration of 8.3 to 25% by weight.

Example 4

[0098] 40 g of a commercially-available bromide of poly para-vinyiphenol
(MARUKA LYNCUR MB, manufactured by Maruzen Petrochemical Co., Ltd.)
comprising a repeating unit represented by the Formula (3) was mixed with 4.0 g of
hexamethoxymethylol melamine and 0.02 g of para-toluenesulfonic acid and was then
dissolved in a solvent comprised of 234 g of propylene glycol monomethylether and
102 g of propylene glycol monomethylether acetate to give an 11.8 w/t% soiution
thereof. The given solution was filtered through a micro-filter made by polyethylene
with a pore diameter of 0.05 » m to prepare a composition for forming a gap-filing
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' [0098] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in
Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethy! glycoluril and 0.08 g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 186.0 g
of propylene glycol monomethylether and 75 g of propylene glycol monomethylether
acetate to give an 8.5 wit% solution thereof. The given solution was filtered through
a micro-filter made by polyethylene with a pore size of 0.05 . m to prepare a
composition for. forming a gap-filing material for lithography.

Example 6

[0100] 40 g of novolac type phenol resin comprising a repeating unit represented
by the foilowing Formula (8) (RESITOP PSM-4326, manufactured by Gunei Chemical
Industry Co., Ltd.) was mixed with 14.1 g of tetramethoxymethyl glycoluril and 1.4 g of
'para-toluenesulfonic acid and was then dissolved in a solvent comprised of 371 g of
propylene glycol monomethylether and 159 g of propylen_e'giycol monomethylether
acetate to give a 9.5 w/t% solution thereof. The given solution was filtered through a
polyethylene micro-filter of 0.05 umto prepare a composition for forming a gap-filling

material for lithography.

s )

\‘) 2/ Formula (8}
OH

Subsequently, 1 g of RESITOP PSM-4326 was dissolved in 3 g of propylene
glycol monomethylether to prepare a 25 wit% solution thereof. The viscosity of the

solution measured by an E-type rotational viscometer was 31.9 mPas at 25°C.
The coefficient H defined as [logarithmic change in viscosity (mPas)] /

30



10

2109 & ()-! H6#p#10%} & () - 6#p#10% & ()-<10% & ()-ml0% & ()-=! <J10%& ()-& e
cgiickil:mn:~ ~shl 10! 109%&' ()- 10} 10} 10}-10% & ()-W

10% & ()-3=5109% & ()-F: m0% & ()-=~:::: A w<<}[<shl 10 January 2005
10Y$109%&' () - ! XHCp#10%&' () - pCp#10%&' () - p

109%& () -! " 1092wW2&' () -1\ 109 () - <<<<<<<<dH, | @ 10%&' () - 109%&' ()-SsH=s10%&' () -
3109&' ()-5109& ()- 3v10%& ()-f6, 109& () -

h e ( fﬁ%qo go@ %rgt%&f & (oetitrati ok QOB Gudidrtl 'Wid @485 Lfaéd -the! P@L0

%\ & (If
10ACB-REaSieméa{t Yea@ailigrsl @F0@&: €olventRemInOmure of -2°CHp@19950li”l CpntentkHp @al

E?}f ‘gﬂ%ﬁég%ﬁ 3 (L‘)°-?95-€sq¥v‘ffﬁhgﬁ?kyFF>GJ~_=@! nH, S#10% U U& () -, S#10%

Ug! ()= 110% L& ()- 100 10\
10\ P= ' (Ve | Y7P#109%\ & () - *J1 Ir IKNMBPHP} [ <~ =@ 8CL10% U& () - ! HV#10% U

u& () - )
[0101] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in

Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethy! glycoluril and 0.08 g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 38.5 ¢
of propylene glycol monomethylether (boiling point: 121°C) and 38.5 ¢ of propylene
glycol monobutyl ether (boiling point: 170.1°C) to give an 8.5 wt% solution thereof.
The given solution was filtered through a micro-filter made by polyethyiene of 0.05

u m to prepare a composition for forming a gap-filling material for lithography.

Example 8 _
[0102] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in

Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethy! glycoluril and 0.08g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 38.5 g
of propylene "glycol monomethylether and 38.5 g of butyl lactate (boiling point: 187°C)
to give an 8.5 w/t% solution thereof. The given solution was fitered through a
micro-fiiter made by polyethylene with a pore-size of 0.05 u m to prepare a
composition for forming a gap-filling material for lithography. '

Example 9
[0103] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in

Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g

of para-toluehesulfonic acid and was then dissolved in a solvent comprised of 38.5 g
and 385 g of diethylene glycol

of propylene glycol monomethylether
The

monomethylether (boiling point: 194.2°C) to give an 8.5 w/t% solution thereof.
given solution was filtered through a micro-filter made by polyethylene with a pore size

of 0.05 » m to prepare a composition for forming a gap-filing material for lithography.

Exampie 10
[0104] 20 g of a copolymer of p-vinylpheno! and methyl methacrylate obtained in

Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethyl glycoluril and 0.08¢g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 38.5 g
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155.7°C)} to give an 8.5 wit% solution thereo The given solutlon was filtered through
a micro-filter made by polyethylene with a pore size of 0.05 um to prepare a

composition for forming a gap-filling material for lithography.

; :
[0105] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in

Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 38.5 ¢
of propylene glycol monomethylether and 38.5 g of propylene glycol monomethylether
acetate (boiling point: 146°C) to give a 8.5 w/t% solution thereof. The given
solution was filtered through a micro-filtter made by polyethylene with a pore size of
0.05 um to prepare a composition for forming a gap-filling material for lithography.

Comparative Example 1

[0106] 40 g of a commercially-available polyethylene glycol (Polyethylene Glycol
2000 manufactured by Junsei Chemical Co., Ltd) was mixed with 142 g of
tetramethoxymethyl glycoluril and 1.42 g of para-toluenesulfonic acid and was then
dissolved in a solvent comprised of 457 g of propylene glycol monomethylether and
229 g of propylene glycol monomethylether acetate to give a 6.8% solution thergqf.
The give solution was filtered through a micro-filter made by polyethylene with a pore
size of 0.05 pm to prepare a composition for formin;q a gap-filling material for

lithography.

Comparative Example 2

[0107] 40 g of polyacrylic acid obtained in Synthetic Example 3 was mixed with
14.1 g of tetramethoxymethy! glycolurii and 1.4 g of para-toluenesuifonic acid and was
then dissolved in a solvent comprised of 371 g of propyiene glycol monomethylether
and 159 g of propylene glycol monomethylether acetate to give a 9.5 wit% solution
thereof. The given solution was filtered through a micro-fitter made by polyethylene

with a pore size of 0.05 1 m to prepare a composition for forming a gap-filling material

for lithography.

Comparative Example 3 |
[0108] 40 g of polyhydroxypropyl methacrylate obtained in Synthetic Example 4
was mixed with 14.1 g of tetramethoxymethyl glycolurii and 1.4 g of para-
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108 10%elS8%0 Y& o 5 with Blution thereof. The given solution was filtered through
a micro-filter made by polyethylene with a pore size of 0.05 u m to prepare a

composition for forming a gap-filling material for lithography.

Comparative Example 4

[0109] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in
Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 38.5 ¢
of propylene glycol monomethylether and 38.5 g of tetrahydrofuran (boiling point:
65°C) to provide an 8.5 w/t% solution thereof. The given solution was filtered
through a micro-filter made of polyethylene with a pore size of 0.05 » m to prepare a

composition for forming a gap-filling material for lithography.

Comparative Example § :

[0110] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in
Synthetic Example 2 was mixed with 4.0 g of tetramethoxymethyl glycaluril and 0.08 g
of para-toluenesulfonic acid and was then dissolved in a solvent comprised of 38.5 g
of propylene glycol monomethylether and 38.5 g of ethylene glycol dimethylether
(boiling point: 82.5°C) to provide an 8.5 w/t% solution thereof. The given solution
was filtered through a micro-filter made of polyethylene with a pore size of 0.05 um

to prepare a composition for forming a gap-filling material for lithography.

JestExample 1

[0111] The compositions for forming a gap-filing material for
obtained in Examples 1 to 11 and Comparative Examples 1 to 5 were applied over the
respective silicon wafers by a spinner and were then heated on a hot plate at 205°C
for 1 minute to form their respective gap-filling materials for lithography  (0.22 um
in film thickness). The gap-filling materials for lithography were dipped in solvents
to be used for resist, for example, ethyl lactate and propylene glycol monomethylether
to confirm that they were insoluble in these solvents.

lithography

Test Example 2

[0112] The compositions for forming a gap-filling material for lithography
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Shipley Company) was applied to the top layer of the gap-filling material for
lithography by the spinner and was then heated on the hot plate at 80°C for 1 minute.
After exposing the resist, a post-exposure baking was performed at 90°C for 1.5
minutes. After developing the resist, the film thickness of the gap-filling material for
lithography was measured to confirm that there was no intermixing between the
gap-filling materials for lithography obtained in Examples 1 to 4 and Comparative

Example 1 and the resist layer.

Jest Example 3

[0113] The compositions for forming a gap-filling material for
obtained in Examples 1 to 4 and Comparative Example 1 were applied over the
respective silicon wafer substrates having holes (0.25 nm in diameterand 0.9 um
in depth) by a spinner and were then heated on a hot piate at 205°C for 1 minute to

- form their respective gap-filling materials for lithography (0.24 u m in film thickness).

[0114] Subsequently, a planarizing factor was evaluated by observing the cross-
sectional 'shape of the obtained substrate using a scanning electron microscopy
(SEM). The planarizing factor was calculated according to the following equation.
A planarizing factor of 100% is obtained when the holes in the substrate are entirely

lithography

planarized.
[0115] . Planarizing factor = [1 - a/b] x 100

a: The depth of a recessed portion of the gap-filling material for lithography in

the center portion of the hole.
b: The depth of the hole.

[0116] The substrate used is a silicon wafer substrate having holes in Iso and

Dense patterns as illustrated in Fig. 1. The Iso pattern is one in which the distance

from the center of a hole to the center of the adjacent hole is three times larger than
the diameter of the hole. Also, the Dense pattern is one in which the distance from
the center of a hole to the center of the adjacent hole is equal to the diameter of the
hole. The depth of the hole was 0.9 um and the diameter of the hole was

34




100x 100x 100x" P=109%0x& ()-=~] ;0! h! | p9S109ME () - p9$L10% , & ()-! LOWK! () -
10 10 10&P=109%&' ()-!H @&10%.L& ()-2=?BCXV7,; 10M=10%VE ()-!5W ) %0%&' () -
£)940%.& ()-! Hp9$10%vEMe& () - ! DHP9$10% M & () - ! YHp9$10 lﬁﬁ Gy - BAE;
10MEl #1098 () - ! 6#109%&' () - ! HB#10%& ()-! 6#10%&' ()-! 109%& (W’b Y
10VB81>ABCDxYNC810M 10 10 10c=109%&' ()-!|#10%& ()-!. H #109%& () -

H #10%&' () -! VH #10%&' ()-DTh' 1 { YZTNC810M * &10%wW& () - ! * gH&L0%W&' () - ! <H&10
9418 ()-! @10%& ()- d&LO0%& ()-L! 10%v& ()-1x14567CGuj _@LOM *! 109%9x& ()- 10M
10M

10%18@%&%5‘“ <7T#109%V&' ()-!*#10%WE' ()- @ #10%V& ()-@X Y:|j _@LOM c. #109%0& () - !
&10% x [OIM7] - | Sikkiiaderoslg (Qrihethtnd YEhxeS{ilm( Jhickness of each portion of the

Toox TOORTARIGANEYBY b PREBID 'sf@é?%ﬂ L e P

. 10%d ¥as)measdieddds’ () - vod0ve&: (

#10%d8jglghp} 1GYG et e L F&gaqwab@#@% ()-110% ()-

Table 1
Film thickness (Unit:nm)  Planarizing factor (Unit:%)
Iso Dense Bias Iso Dense Bias

Example 1 190 80 110 98 93 5

) Example 2 200 100 100 96 91 5
Example 3 180 90 90 98 94 4

Example 4 180 100 80 89 81 8
Comparative Example 1 200 80 120 84 53 31

[0118] The planarizing factor of the film obtained by each of the compositions for
forming a gap-filling material for lithography of Examples 1 to 4 was larger than that

of Comparative Example 1, with particularly excellent planarizing ability in Dense

pattern that requires severe conditions. Furtherfnore, the difference between the film

thickness of the Iso portion and that of the Dense portion was small in each of the
compositions for forming a gap-filing material for lithography of Examples 1 to 4.
This indicates that the compositions for forming a gap-filling material were smoothly
poured into a plurality of holes also in the Dense portion in which the number of holes
per unit area on the hole substrate (the hole density) is larger than that of the Iso
portion. It is considered that this has led to a small difference between the film
thickness of the Iso portion and that of the Dense portion and to a large planarizing

factor.

Test Example 4

[0120] For the respective compositions for forming a gap-filling material for
lithography obtained in Examples 1 to 3, 5, and 6 and Comparative Examples 2 and 3,
as with Test Example 3, an evaluation was conducted on the planarizing factor of a
substrate on which the composition for forming a gap-filling material for lithography
was coated. The substrate used was a silicon wafer substrate having holes (0.25 um
in diameter and 0.9 2 m in depth) and the film thickness of the gap-filling material
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in viscosity (mPas)] /[change in solld content concentration (% by weight)] under the

measurement conditions in which the temperature of the solution was 25°C and the
solid content concentration was 8.3 to 25% by weight. The manner thereof is shown

in Fig. 2.
[0122]) The results are listed in Table 2.

Table 2
Viscosity of the Planarizing
CoefficientH  polymer solution factor
(Unit:mPa-s) (Unit:%)
Iso Dense Bias
Example 1 0.041 15 o8 93 5
- Example 2 0.041 15 96 91 5
Example 3 0.029 . ' 8 - 98 " 94 4
Example 5 0.046 : 21 98 97 1
Example 6 0.053 32 - 89 84 5
Comparative .
Example 2 0.069 98 88 72 15 i
Comparative
Example 3 0.079 225 82 51 31

[0123] The planarizing factor of the film obtained from each of the compositions
for forming a gap-filling material for lithography of Examples 1 to 3, 5, and 6 was
larger than those of Comparative Examples 2 and 3, and in particular the planarizing
ability thereof in the Dense patterns was excellent. "It is considered that this is
caused by an increase in fluidity of the solution in the steps of spinning and baking as
the viscosity of the composition for forming a gap-filling material becomes lower.

Test Example §

[0124] For the respective compositions for forming a gap-filing material for
lithography obtained in Examples 7 to 11, and Comparative Examples 4 and 5, as with
Test Example 3, an evaluation was conducted on the planarizing factor of a substrate
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Table 3

Planarizing factor (Unit: nm)
Iso Dense __ Bias

Example 7 97 94 3
Example 8 96 91 5
Example & 97 95 2
Example 10 91 73 18
Example 11 80 60 30
Comparative Example 4 87 32 55
Comparative Example 5 89 45 44

[0125] The planarizing factor of the film obtained from the composition for
forming a gap-filling material for lithography of each of Examples 7 to 11 was high as
compared with that of the film obtained from each of Comparative Examples 4 and 5
and in particular the plénarizing ability thereof was excellent in the Dense patterns that
requires severe conditions. - In each of Comparative Examples 4 and 5, furthermore,
the gap-filling material was adhered along the step in the substrate (a conformal type).

" In each of Examples 7 to 11, on the other hand, it flows from the vicinity of the hole to
the inside of the hole. Therefore, the surface of the substrate covered in accordance
with each of Examples 10 to 14 was planarized. In each of Examples 7 to 11, it is
considered that the difference in planarizing factor is small as the composition for
forming a gap-filling material flows into a plurality of holes with a larger fluidity also in
the Dense portion where the number of holes per unit area on the substrate is larger
than that of the Iso portion. The reason why the compositions for forming a gap-
filing material of Examples 7 to 11 have planarizing factors larger than those of
Comparative Examples 4 to 5 is that each of them contains a solvent having a boiling
point higher than the glass transition temperature of the polymer or the boiling point of

such a solvent is in the range of 145°C to 220°C.

Industrial Applicabil

[0126] A gap-ilier forming composition of the present invention planarizes the
substrate having holes by filling in the irregularities thereof and finds utility in the
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applied on the substrate. It has a high dry etching rate as compared with that of a
photoresist layer and it does not cause an intermixing with the photoresist layer. In
addition, there is no diffusant into the photoresist at the time of heating and drying.
Therefore, a lithographic gap-filler having a high resolution and an excellent
dependency on the film thickness of the photoresist can be obtained and an excellent

resist-pattern forming process can be provided.
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Claims

The following listing of claims will replace all prior versions, and listings, of claims in

the application :

1. A method for applying a composition to a substrate for forming a gap-filling
material, wherein the composition comprises a polymer solution comprising a polymer and a
solvent and has a coefficient H of 0.06 or less, which is defined as [logarithmic change in
viscosity (mPas))/[change in solid content concentration (% by weight)] and a viscosity of 1
to 80 mPas which is measured at a solid content concentration of 25% by weight; a cross-
linking agent having at least two cross-linking forming functional groups; and a cross-linking

catalyst,
wherein the method comprises applying the composition to a substrate having holes
with an aspect ratio of 1 or more, which is defined as height/diameter, and drying the

composition to form a planarized filling layer on the substrate.

2. The method according to claim 1, characterized in that the solvent contains
20% by weight or more of a solvent(s) having a boiling point higher than a glass transition
temperature of the polymer based on the whole solvent.

3. The method according to claim 2, characterized in that the boiling point of the
solvent(s) is 10°C or more higher than the glass transition temperature of the polymer.

4. The method according to claim 3, characterized in that the boiling point of the
solvent(s) is from 145 to 220°C.

5. The method according to claim 1, characterized in that the sotvent(s) is butyl
lactate, propylene glycol monobutylether, propylene glycol monomethylether acetate,
cyclohexanone, diethylene glycol monomethylether, or any mixture thereof.

6. The method according to claim 1, characterized in that a weight-average

molecular weight of the polymer is from 500 to 30000.
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7. The method according to claim 1, characterized in that the polymer is a
homopolymer comprised of the repeating unit represented by Formula (1) :

R1
|
= ” Formula (1)

CH

wherein R' and R? each independently represent a hydrogen atom, a methyl group, a
fluorine atom, a chlorine atom, a bromine atom or a cyano group, or a copolymer comprised
of the repeating unit represented by Formula (1) and a repeating unit which is a vinyl group
that contains an aromatic moiety or a carboxylic acid ester moiety on a side chain thereof.

8. The method according to claim 7, characterized in that the polymer is poly p- -

_ vmylphenol that compnses a repeating unit represented by Formula (2) :

CH2 _C
© Formula (2)

9. The method according to claim 7, characterized in that the polymer is a

bromide of poly p-vinylphenol, which comprises a repeating unit represented by Formula (3):

T
CHy—C

F
A Bris
OH

Formula (3)
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10. The method according to claim 7, characterized in that the polymer is a
copolymer of p-vinylphenol and styrene, which comprises a repeating unit represented by
Formula (2)

\
CHz*‘C
@ Fonrmula (2)
OH

and a repeating unit represented by Formula (4)

I
CHZ—"C

:J: Formula (4)

and in which 20% or more of the repeating unit represented by Formula (2) is contained
based on the total number of the repeating units in the polymer. '

1. The method according to claim 7, characterized in that the polymer is a

copolymer of p-vinylphenol and methyl methacrylate, which comprises a repeating unit
represented by Formula (2) ;
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CHZ-C
© Formula (2)

and a repealing unit represented by Formula (8) :

/ CH, \

CH:—CIZ
(!:=0 Formula (5)
(IJ—CH3

and in which 20% or more of the repeating unit represented by Formula (2) is contained
based on the total number of the repeating units in the polymer,

12. The method according to claim 7, characterized in that the polymer is a
copolymer of p-vinylphenol and 2-hydroxyethyl methacrylate, which comprises a repeating
unit represented by Formula (2) : '

H
|

CHz"'C
Formula (2)

OH

and a repeating unit represented by Formula (6):
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I Formuia (€)
i
o— CHz”CHz“OH

and in which 20% or more of the repeating unit represented by Formula (2) is contained
based on the total number of the repeating units in the polymer

13. The method according to claim 7, characterized in that the polymer is a
copolymer of p-vinyiphenol and butyl acrylate, which comprises a repeating unit represented
by Formuia (2) :

Farmula (2)

and a repeating unit represented by Formula (7) :

T \
CHy—C——

=0 Fnrrrmln (7

e—CHTCHz—CHz—CHa
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and in which 20% or more of the repeating unit represented by formula (2) is contained

based on the total number of the repeating units in the polymer.

14. The method according to claim 1, wherein the cross-linking agent is a
methyoxymethylated glycoluril compound or methoxymethylated melamine compound.

185. The method according to claim 1, wherein the cross-iinking catalyst is p-

toluenesulfonic acid or pyridium-p-toluenesulfonic acid.

16. A method of manufacturing a semiconductor device fdming an integrated

circuit element by transferring an image on a substrate, comprising :

(A) applying a gap-filling material to a substrate having holes with an aspect
ratio of 1 or more, which is defined as height/diameter, wherein the gap-filling material
comprises a polymer solution comprising a polymer and a solvent and having a coefficient H
of 0.06 or less, which is defined as [logarithmic change in viscosity (mPas)}{change in solid
content concentration (% by weight)) and a viscosity of 1 to 80 mPas which is measured at a
solid content concentration of 25% by weight, a cross-linking-agent having at least two
cross-linking forming functional groups, and a cross-iinking catalyst,

(B) drying the polymer solution to form a planarized layer comprising gap-
filling material on the substrate;

{(C) forming a bottom anti-reflective coating on said planarized layer;
(D) applying a resist to said bottom anti-refiective coating; and
(E) performing an exposure, a development, and an etching on the

substrate.
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