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Technical Field [0001] The present invention rel ates
to a novel gap fill material formng conposition for
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corresponding to the pattern on the surface of the

substrate. However, in recent progress in high
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been taking the place of KrF excimer laser beam (248 nm). Along with this change,
influences of random reflection and standing wave off a substrate have become
serious problems. Accordingly, it has been widely studied to provide an anti-
reflective coating between the photoresist and the substrate (Bottom Anti-Reflective
Coating, BARC).
[0003] As the anti-reflective coating, inorganic anti-reflective coatings made of
titanium, titanium dioxide, titanium nitride, chromium oxide, carbon or a-silicon and




organic anti-reflective coatings nmade of a |ight

absor bi ng substance and a pol yner conpound are known.

The former requires an installation such as a vacuum

deposi tion apparatus, a CVD (chem cal vapor

deposition) apparatus or a sputtering apparatus. In

contrast, the latter is considered advantageous in

that it requires no special installation so that nany
orgd&iit Ahtisefiostivebesnings dradd-of adightrabsorbingraubstanaesgndde polymer

d f th ' in_t iz . i '
comRayA"S K ox ANeCiebTsT Peifes 4 sABHOA LRl e daedln
depBsidig fi Hﬂip@r@tulbi ?: LAY | !derhicagvgmnq"ﬁno:sitim;&a appatatus bea sputtering

an e, _nhovql a gt i - -
apeiRiihg 1 Ry gl beriReied B ahuifc Bl reaures no
spegiabirstallation do that manystidiey hgve lheenrmade  sBerexanpleu Mmention
L0518 A S, A e o8P a oo v
beiray g @nossliaking-reatliet group audailight aesesbing groupria thejgame molecule

iLagh i i . .
and b8 heBRK (B3 Bt 4ke i oo Raihy Ay Soup Beino @
crosslinkingrieaction ghmipoard adight abserking growp iathe samermelecule (see, for
ti-reflecti

exaile U PRl o SO0 B R Rs P91 sl ct upon
[0064} (Thegplysidal propeyies desised for erognisranti-ieflectiyg ﬁ@&m waterials
o8N fopRgheS S AR AEralm nfgmig e
photeresist layer (heiopnsaiubledy @hetoresist selventg) 1 diffupion of low

o yBSGHEEL 0 it 1St o s nc esopenes

. ol..~ 2195 _
photoresist epots conting oF heat-geying -ansd ﬂ%&hﬁf Q}iéeﬁé&gsfafﬁﬁ'&ﬂ" the
phﬁﬂeﬂsgfr(%ﬁ?éﬁ:f' VEx %Fei, T8 [[yHchl&3alnrPrdpertisaoand Petforh&nce of Near

' pnhy

ogra

UV Rifiestvite Goanal Laiells g Adyancas i Resist dectuiplogy and

Pro?_é@ﬁ%ﬁ@('\I/gggrlléﬁ‘ra?mﬁanﬂe&%ﬁed.Y{?ko;a%@Y@s @f_.smﬁg-mag; Voh2d95, p.
Imb. ador e o ece Logr .| :

22529+ 61 Feder St Hletamy ot esist S AT HsP SofRings for 193 nm
Lith)%@?@pwnu@wmanmgwwgﬁ ¢hnadvapyesindResist Eaatinotpgy and

ProsegnosVisyil Bsses ponesoetinsi Seslr. Tk el gap) 17-es

and $inF Dl Whedddr &t apNfRsdent Prdgiess it nals ﬂmf\nnieeﬂmﬁve Qaoadings, US, in
With mniaturi zathgn | n patfer r g
vichalthoin o6E R Adan e R IR U TothBe oy S ERRAERE V. wi
Conleg exoPeiceadingstaf SRIEN4099 néole8628,, p.£49-8@)appl y Dual
cepe pro
tooBBE QR The shintane. Aot E8RE Hierodticlion Wigd fiaPhas become
cieﬁhluitﬁ ,nﬁlﬁl"é.tlf?rwtionAn ghatten mj?!of Bamisanetistqirdayies, in yegent years, it
es are for n : | a i
o G o T SO o Sl Dl
Daifiascefie peocasseasintércorried forningdoethod Prv ihe Sgg@cpnd@qtpgdewce
(seggfq?%j% rLE#‘ F”ggﬁﬁl\#&eﬁ@@?' 936PNAR iR DU Blanfdscene process, via

ective’’coati'ng on a substrate . .
hole$ ard éormpest apdanyantitreflottive eoatingnig fermaed pn\a %Hbsmt%ﬁiavmg a high
asﬁ’eic‘fil r&%.eS’Tﬁeﬁgf&S, fchieI érﬁgréﬂekﬂ%‘&o% for use in this process is required
to have control of coating performance of anti-reflective coating on a substrate of the
periphery of hole, filling property by which via holes can be filled without gap,
flattening property by which a flat coating can be formed on the surface of substrate,

and the like in addition to the above-mentioned properties.




flattening property by which a flat coating can be

formed on the surface of substrate, and the like in

addition to the above-nentioned properties. 2 [0006]

However, it is difficult to apply organic material for
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[0011] Taking the above-mentioned present status into account, the present
inventors have eagerly studied, and as a result of it, found that a composition in which
an acrylic polymer or a methacrylic polymer containing law molecular weight
components in a law content is contained as a constituent component is suitable for a
material for forming a gap fill material, and they completed the present invention.
[0012] The present invention relates to a gap fill material forming composition that is




i nventors have eagerly studied, and as a result of it,
found that a conposition in which an acrylic polyner

or a nethacrylic polyner containing | aw nol ecul ar

wei ght conponents in a | aw content is contained as a
constituent conponent is suitable for a material for
formng a gap fill material, and they conpl eted the
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I 1 HGOH | I 0-(CH2)P-C(CH2)g-R2 | OH wherein
R, is hydrogen atom nethyl group, chlorine atom or
brom ne atom R2 is hydrogen atom or hydroxy group, p
is the nunber of 1, 2, 3 or 4, q is the nunber of O,

1, 2 or 3, and containing conponents having a

nmol ecul ar wei ght of 3000 or less in a rate of 20% or

| ess; a crosslinking agent; and a solvent; - as a
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in arate of 20% or d contai ning the
structural unit of f nul |n aratio of 0.10 to
0.95; a crossllnkln gent sol vent, wherein
the sum of the atl of structural unit of
formula (1) and th ratfi o of structural unit of
formula (2) is 1; a a ﬂhlr aspect, the gap fil

material formng co Slt descrlbedlntheflrst
or second aspect, V\/ner ei the poI ynmer has a wei ght
average nol ecul ar wei ght % 5000 to 20000; - as a

fourth aspect, the gap fi 'Tﬁﬁ%ﬁliﬂ form ng
conposition as described in the first or second
aspect, wherein the soIvEQS has a boiling point of
145C to 220G

wherein R, is as defined above, R, is C,, alkyl group, benzyl group, C,, alkyl group
substituted by at least one fluorine atom, chlorine atom or bromine atom, or C,, alkyl
group substituted by at least one C, 4 alkoxy group, and containing components
having a molecular weight of 3000 or less in a rate of 20% or less, and containing the
structural unit of formula (1) in a ratio of 0.10 to 0.95; a crosslinking agent; and a
solvent, wherein the sum of the molar ratic of structural unit of formula (1) and the
molar ratio of structural unit of formula (2) is 1;

- as a third aspect, the gap fill material forming composition as described in the first or
second aspect, wherein the polymer has a weight average molecular weight of 5000
to 20000;

- as a fourth aspect, the gap fill material forming composition as described in the first
or second aspect, wherein the solvent has a boiling point of 145°C to 220°C;

- as a fifth aspect, the gap fill material forming composition as described in the first or
second aspect, wherein the solvent is at least one solvent selected from the group
consisting of butyl lactate, propylene glycol monobutyl ether, propylene glycol



- as a fifth aspect, the gap fill material formng
conposition as described in the first or second
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Best Mode for Carrying Out the Invention
[0016] The present invention relates to a gap fill material forming composition used in
a manufacture of a semiconductor device by a method comprising coating a
photoresist on a semiconductor substrate having a hole with aspect ratio shown in
height/diameter of 1 or more, and transferring an image to the semiconductor
substrate by use of lithography process, and comprising a polymer, a crosslinking
agent and a solvent. In addition, it relates to a method for forming a gap fill material




phot oresi st on a sem conductor substrate having a hole
W th aspect ratio shown in height/dianeter of 1 or
nore, and transferring an inmage to the sem conduct or
substrate by use of |ithography process, and
conprising a polynmer, a crosslinking agent and a
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the Ewﬁ?ﬂ'lrﬂ{bntnbhetﬁ%%m?%r and tlﬁ@ %ré‘sfsﬂﬁﬁhg Hgeht afgessertiad

comppnanis. i heir BIPhEING RRORRIORTS s eV’ i3 pantdh 50 to 99

maés‘f%%'? e@%%?é ma8so BAd ER&erIgshiking ageatin amamouatofifito 50 mass%
mass% or 5 to 40 mass% [0019] The

OFW%QUT%S/V\E ght of the polyner used in the gap fill

0049} erHednoltiularieighon@epolyinepased i the dgap filhmaperéal dotming
i nvention IS in tﬁ

e term of ht . a
corRasgHRn Searinganiiie POt rayietce UT BT of WeiBfibn Hrpoe
mokell=f XRighte fRAAample 506026 50000GHE000 tHZ2DTD0, boBzGIxample 9000
%%r to for | ayer of the gap fill material form
to gf%ﬁ?qqqtp rial form ng conposition according
[0020] tlh%rﬂéﬁlﬁﬁfotmltmf eayier of thebgap i matedal forradhe gap filkmaterial

forrgmn%ﬁé%j %ﬁp(éqr nli%nchélpg‘gélt%rﬁﬁja\é@ﬁ :ﬁghﬁgi‘éﬂb% ARt but. In this
pro@é@sb|mp&rﬁntﬁhaapgdawmslecslapwalghtabum:;\sthbDDI’rT@mQShm the

corfpeidn i 810 Bl it v ot bnifen 7 e
compomergs Irﬂmngdhwoubmculmwgﬁlghtapethﬁ)hitem ﬁEhﬁfP-fWﬁ isipneferable that
the }gogﬁ%q{g E’ngSWHSSW rﬂblbl::yl ‘nfereé] 'ar&%ﬁl&iﬂe&ﬂf@%ﬁhé" afount in the

present 1 nv referab ?
gag il resteral Joirgimgreampusition accardingdadhe @re@ﬁntﬂi@vemtlon tis

refaraple ol eV‘§ A& cortAMaorhfSTents hvingla md?éc@QP/w@fght of
Zoﬁggleff |nﬁa raﬁo ozfath‘ic}o grfleggl%r in aﬁratlo of 10%%r less %s the polymer used
in the gap fill material forming composition according to the present invention.

[0021] In addition, in case where the polymer has a large weight average molecular
weight, the gap fill material forming composition may have a low filling property into
the inside of holes, or may not give sufficient flattening property to the substrate.
[0022] In the gap fill material forming composition according to the present invention,
the polymer composed of only structural unit of formula (1} is used. Informula (1), R,

is hydrogen atom, methyl group, chlorine atom or bromine atom, R, is hydrogen atom




in the gap fill material form ng conposition according
to the present invention. [0021] In addition, in case
where the polymer has a | arge wei ght average nol ecul ar
wei ght, the gap fill material form ng conposition may
have a low filling property into the inside of holes,
or may not give sufficient flattening property to the
substrate. [0022] In the gap fill material formng
or hedrorp gréump Bcthe miiniteertad 1, Be3ords eris thennembieowof 0, 8 h2 or 3.

I r_conposed of onl t | r : "
100z ¥1E pobZar G4t vg prilicbe By ymiefizatifi oryBonofief hdving addition
polynedrizatioy uaspturateddronueofformular(3pr oni ne atom R2 is
hydrogen atom 7 or hydroxy group, p is the nunber of
1, Ry3 or 4, q is the nunber of 0, 1, 2 or 3. [0023]
The |pol ymer can be produced by pol ymeri zation of

HoQm=@rers having addition polynerization unsaturated
bond of formula (3). R | HU-L; | Uu | H U _(L;
H2)) o= (CH2)g-R2 1 (3) UN [0024] The pol ynmer can be
pro uced by di s:s-bl ving the rmnomer of formula (3)

co 10- chal n transfer agent
( ?ﬁ% B G o oM AR o

n t he nononer) to be
opt| onal |y adde HI n an orgam c sol vent, and then
addi ng a ol ynerization initiator to subject to
pol ymeri zati on reaction, and adding a short-stop. The

[ooz%'TDVH% @iyrﬁ.gﬁcé&?ba ﬁéd@@d Wdis@bfﬁzlr@tt% rhéndfer8fiRfmuta (3)

he nass

(conggptiationt 10-AR%) i a shajp tfﬂi\SE')%’ %aﬁmg? 19%basgeq 8"6“9%‘353 of the
mor{oﬁg&ﬁ}j% E@%rpgbﬁé!ynﬁedééﬂ \iﬁ@nh tﬁgﬁglclsfbhidm %rﬁﬁ?idn%ﬁdm a
PolyI&yizafionsHERIon 1 PUBRRLIC PRYRSTZRGRT tRastaRcany ﬁe&ﬁ% a shiort-stop.

The%fﬁ(ﬁjém{ﬂdﬁheh bﬁ!mermﬁoh hsitiatorkd be raalietids 120 a0t basbd desthe mass
odecane tni

of thegnPREmeEs. aqlrpcghwq zpﬁnppgtt tgfc %pﬁ@pﬂosggp 1§ b& add%s 0.01 to 0.2%.
[0028 Oﬂfhéloﬁgmb)slb%nt usbe imthd r@aetion nchidéseprapylene glycol

th h
morpriRsPBhareRvIene oBiee! mapebiyl efish ehIat G and dimethy
fornwmdepétoataid/tmedmm rdnéfep syt inclugies dodenene ol and dodecyl

thiol,, gf‘ﬁ? tt'h%npotly'/rggnza i RIS, iﬁ&lﬁld)és %%ﬁﬂs%@uwr%i’trﬁe 24
azoblscyclohexane carbonitrile, etc., and the short-stop includes 4-methoxyphenol,
etc. The reaction temperature is appropriately selected from 60 to 90°C, and the
reaction time is appropriately selected from 6 to 24 hours,

[0026] Concrete examples of the monomer of formula (3) include for example 2-
hydroxyethylacrylate, 2-hydroxyethylmethacrylate, 2-hydroxypropylacrylate, 2-
hydroxypropylmethacrylate, 2,3-dihydroxypropylacrylate, 4-hydroxybutylacrylate, 4-
hydroxybutylmethacrylate, and the like.

[0027] As the polymer in the gap fill material forming composition according to the
present invention, the polymer produced from one kind of monomer of formula (3) can
be used, or the polymer produced from two or more kinds of monomers of formula (3)
can be also used. Concrete examples of the polymer include for example poly(2-
hydroxyethyl) acrylate, poly(2-hydroxyethyl) methacrylate, poly(2-hydroxypropyl)
acrylate, poly(2-hydroxypropyl) methacrylate, a copolymer of 2-hydroxyethylacrylate
with 2-hydroxyethyl methacrylate, a copolymer of 2-hydroxyethylacrylate with 2-



[ 0026] Concrete exanples of the nononer of formula (3)
i nclude for exanple 2- hydroxyethyl acryl at e,

2- hydr oxyet hy[ net hacryl ate, 2-hydroxypropyl acryl ate,
2- hydroxypropyl net hacryl at e,

2, 3-di hydr oxypropyl acryl ate, 4-hydroxybutyl acryl ate,
4- hydroxybutyl net hacryl ate, and the Iike. [0027] As
the polyner in the gap fill material formng

hydeaxypospytimethzargate ianeppolyrmérof rhydraxyprapyaarylete with&-

nyeBSy i thaCYETR, & ERRORARSl oo RIRIEE e 2 U0 G

hydnmyetiymethanirylateamd 2hydiroXypropylacryite, anchthselikg. so

[oogiﬁﬂglt@é’ggﬁ g‘np %ﬁﬁ@gﬁg@gﬁ&cﬁ%@ﬁw BFind giekeAint8htion, the

a ! .
polyroey¢canhoskedri/eonlyihs strucﬂmmqunimfg%rmula (1) and the structural unit of

oG BHE OB B ANt st g ..o

growp stibstitbiiatk b gtleast one fluering atare, chlorigalafier biamine atom, or G

ddc2
o2 05 ENBeEm AL Fattuiciory oty ouey
[0029 ol tiosx pp mgnqgmgn%pleof\khe trpctural units of formulae (1) and (2}, the
rat %ﬁ%ér’&ﬂrwh LRSI Btig 3F BRPOERal Ohit) of formula g) is 0.10 or

oxyetﬁngj/.f acrylate, 2- h ﬁorfor
n

d hyl n&t h |
moken forexanapled, 10 & I%@pyf%rt%ea%a;lg)&fﬁitqy OE’E 0?3%%’8@

exahille 9240 fd b70Mala" thalhydPsy oubIARGmhIa gm) i8fa Efd@slink forming
present 1 nvention, th ol %rkre ose

; |y .th
Subbtifuget. i ean bRSUDISEELO RIS IKNGHacHAa vt e CrrsaiingRgagent.

is ppiferdtié Mitahé pblynferdirbesasiectad foairoedink(rg realBBon with the
"SCl -8 al kyl group,

be | qgroup,.Cd-, alkyl r .
crosslipkina agest, a0 Hierelo { ione ey thit s Sicturg! BpfteEformuia (1) is
condiREY H aRaeHonat RESND.107n $He poynedrky In theompanwhile, the sum of the

o e o aim A T Ao 38 o LBAEHr o

fonﬁgp_gquasey(l) and (2), the ratio of the structural

t_(nmolar ratio of the ructural_unit) of f . "

1003k} ‘Tie boidimes an Berrotted by BRliStizagh ek g Reing addition
polgsafiBatoriuRéaturatéd Bond @f Bmiuad (Bland)f or  exanpl e

0.40 to 0.70. As the hydroxy group in forrmula (1) is a

crosBkink formng substituent, it can be subjected to

cros$linking reaction with the crosslinking agent. It
HoCs=pCef erabl e that the polyner can be subjected to

cros$linking reaction with the crosslinking agent,

and Ches@®@fore it is preferable that the structural

unit|of formula (1) is contained in a ratio of at

| easy-O g0 in the polyner. In the meanwhile, the sum

of the lar ratio of structural unit of formula (1)

and(4pe nolar ratio of structural unit of formula (2)

is 1. [0030] The polymer can be produced by
[00p4] yTHes pelyhiescantbenpiodneed byalissaiviag the memomers of formulae (3)

ancf’%)}'(%#éﬁﬂtﬁﬂ: YOS AP PARFrIhsEPAGREAE-1Pk LRREd on the
mass of the monomer) to be cptionally added, in an organic solvent, and then adding
a polymerization initiator to subject to polymerization reaction, and adding a short-stop.
The amount of the polymerization initiator to be added is 1 to 10% based on the mass
of the monomer, and the amount of the short-stop to be added is 0.01 to 0.2%.

[0032] The organic solvent used in the reaction includes propyiene glycol
monomethyl ether, propylene glycol monopropyl ether, ethyl lactate and dimethyl



(4) [0031] The polymer can be produced by dissolving

the nononers of fornulae (3) and (4) (concentration:

10-60% and a chain transfer agent (1 -10% based on

the mass of the nononer) to be optionally added, in

an organi c solvent, and then adding a polynerization
initiator to subject to polynerization reaction, and

addi ng a short-stop. The anount of the polynerization

formhamidentedt., tad bﬁe ahdiectrarsfér agerit 086lbdeedodecaniedhivhasd dodecyl

ic egb s BRSR z5030 iR TR es SR R B
azolthoVbl@he&ané icarbanitcile) éts, andtiye shart-gtopcinciudes demethgryphenol,

etc, a@ﬁﬁt‘% l ene rﬂwg ?%agg%ﬁgmge@{:gﬁrfr%rﬁw eg%ol% and the

reat:ili@mﬁrfmrlsmmpnatelywﬂscteld)maéoemm:iurand dodecyl

o0k e 1y B R GOAS SAABRLCLTEKoup substvt

by atdeasinone fluerlneaatnm dmrmmtom or brariog ateml, ati6s. alkyl group

surFAGRS ISR e CL ARG AT f Ry e for

exanfale tstraightiohain alkakmoups isuckiag reethylgreup; eibil group, ppropyl group
o Mo Fenhed A s SoFopy ot stbonparoup or 2
ethylbexyl graupf almychcn alkyt gioupsisiushiasccysiapent gmmh@yciohexyl group,
alk@tgqgh ugéttthe?f %Yhalgﬁgﬁg&ttorﬁugﬁct.ﬁ %né‘ir‘i’d?'\ cmSeﬁ'fgi gﬁﬁﬁi offiiucroethyl

ro e éexa

groaxaalhbnydkylai%ghps stieh as awtiszge’tbw;ﬁou p Oh ethoxyethy group, and
ber%&?gn;h ethyl group, n-propyl group or n-hexyl group,

d al kyl groups such as isopropyl gro
[0034} Centrets exs@nalesznf tae yansame of Prmwy (A?ll'@ﬁgi% for sxample
meﬂ‘[ﬂ’é{f??la?é‘oEggﬁ?urgéﬁa?ﬁféetb}’éthghﬁéﬂha@fyléﬂCl%@b@py;]acﬁﬂﬁtﬂo
usoww Draliag) npeanmaiha Bl GYEBPRFTIMEHERTHAE, h-octylacrylate

bﬂac@ﬁl@téo%yétbﬁéx%mew}lﬁwwe @éﬁzﬂaclfylate

et hox eth r ou nz rou t

bew ?hwﬁia AL I Y T R
i FAGHTRYI tehHEé bdtéczzzaﬁmuofﬂﬁtﬁylh@i@tdwcz 9|2atrigiuoroethylmethacryalte,
roe met hacryl at e,
2 2.253 PSR R s B SerRaBacalte, 22.2-
tncﬁnb%@th wétﬁabﬂwléyt Qt$3,4r,14,qcﬁeﬁtamorbauglmethacrylate

he)af%lp §QVO¥’¥{}I§?IF' Eﬁ?&@ré‘lrﬁ?@oxﬂhwﬁpﬁ’@tﬁ Zte,

Bﬂﬁwiatee 2-é’thohjréthplabi'yyétep?d,dtl@dwethylmethacrylate 2-n-

bUtQX!etE‘V{"F tﬁ‘ﬁﬁ@%ﬁt@th ﬁ %‘b el:g.{télme%ggo RtVANERRAREY ' at e

[0035% , Bs e Eblyﬂ’(ér&ﬁ ltbé gep lﬁlﬂfmeatehaleformmg composition according to the

pre§egt @V@phw gtﬁgg?lm act;%gy@?/rgl qan bez”'iedz the polymer produced from
oné kindndfanhordingr oefdrmuly (:ia)tand one kind of monomer of formula (4}, and the

polﬁgggéﬂ‘rgq)t?t;ﬁdasf&mgtg@af | u ?y{jgt gﬁ‘[c!ﬁ%?ﬁé/rg 2?é)eancl two or more kinds of
moRofriry ¢Ay et(wrhc&eteyémmples of the polymer include for a copolymer of 2-
hydroxyethylacrylate with methylacrylate, a copolymer of 2-hydroxyethylacrylate with
ethylacrylate, a copolymer of 2-hydroxyethylacrylate with isopropylacrylate, a
copolymer of 2-hydroxyethylacrylate with n-butylacrylate, a copolymer of 2-
hydroxyethylmethacrylate with methylacrylate, a copolymer of 2-
hydroxyethylmethacrylate with ethylacrylate, a copolymer of 2-

10



met hoxyet hyl net hacryl ate, 2-ethoxyethyl acryl ate,

2- et hoxyet hyl net hacryl ate, 2-n-

but oxyet hyl net hacryal te, 3-nethoxybutyl methacryl at e,
and the like. [0035] As the polyner in the gap fil
material form ng conposition according to the present
i nvention, the follow ng polynmers can be used: the
polyner produced from one kind of nononer of formula

@fh%lc Klae With ﬁﬁf\'@ﬁ?lhcqﬂatbpambaly(ﬁlér of@nd the

S B Bl G e o e

wﬂh%éﬂ‘ﬁﬂlrﬂétlﬁc 15, aoiqumem@ﬂ 2+ﬂ9d|foxyemym¢b;emnh of 2-

S P -

a cdp@ﬂwhéﬂﬁif 24hpd&>>dy¢ﬂfwawtata/wab ligokaitgimethacrylate, a copolymer of 2-

nydissaBiRis B aleyit meRiet B ke 2 popalymer of 2-

h dm@ethwmetha‘crﬂatéwm eitysmitiaceylbte; rayd:ca?toiymet of 2-

hvdﬁér'ﬁﬁw@?ﬁm%@?ﬁa\@ﬁ@ PRyl ahatiyiate 7 sppelymer of 2
hyd m@elhymethﬁcrﬂammly dwtmnymet;nanmatapa gbpolymarwaf 2-

hyd %@%@H@M& Jﬁ?ﬁ&?&g"% Oct,oongb Lmef” of 2- hg%iroxygropylacrytate

wntm@thvlaxcrmateoﬁ plojyeinengfad- hyﬂmpt@wcrwmewwﬁh n-propylacrylate, a

COP%H),% %Eﬁ%@ﬁo@yla@gﬂ%ﬁt AR G}Plac;yiate a coPonmer of 2-
hydoogybuiyizerylate dithydethylaaryigteaer cyqpﬂlsemw ohe- ydroxybutylacrylate with
eth;ﬂgﬁg( aaqg% gﬁé&?g{:e\rf' %gdrof\ﬁﬁﬂ@%%? vidith n- (Prro?ylacrylate a
copolypueryofet- hmrovauﬂylacwlg@twgth nebumlapwl@tﬁeamalvmer of
hydWW%ﬁ?fa‘iﬁ% \ 3 252 ?glﬂ\%l'c%/ﬂﬁﬁlnﬁtp te >, 869) copolymer of 2-
hydwfyeltwmetnﬁcrszlatawdg A& artnﬂuﬂr@pﬂaém@ﬂm%vlafq R { Gopolymer of 2-
hydﬁb)gfr g@/i 'éﬁﬁ:%]:?rgl E@Hﬁ 2 ?2%89!'&6@(%@5&35\0 Iate a copolymer of 2-

acrylate wth

hydeyethylacrylate mitht g, fiiesapnimethasny aiay@”c?énq? N A
hyd%y&@fr %r@at@wﬁﬁ@owaﬁfetﬁ;m?emaaywm espolpeey bbpe

['at e

AR IAYIPIR WEh 2. i ¢ I ePlASpIoseh Y methagyiate, a

[R¥BfORIth 262, 2LtAbRnibdthyimethacryalte, a
COPE’% (fw{:r ?at eémg copo y i

commpe s S o e ) SetP Y et ARy oi
cop%@nq?m-ﬁwwéi I‘dc)‘;lrlate?wbl\h b@nzﬂh‘fétha@'zbdt@,taécopolymer of 2-

nmer of hydro

hyd,rp aerylaje R-8Y g)xy%ﬁlyﬁj% %3{9 and ¢ methylacrylate, a copolymer of
2-h H&\«? Dy laﬁsC%émr@xyéthﬂmethuéwlamlayltlat\ethylacrylate a

|
copaher ot 4-hyersraeiAcRIarn oy bt Tniastipbiate gnd
meiﬁﬁyﬁﬁéﬁfﬁ@fﬂa‘tbnﬁtd@@m whartsf hydroxyethylacrylate, ethylmethacrylate and
2 2@@@@;@ ﬁ&)ﬁ%&ﬁ%@ﬁéﬁ”ﬁ% D8savimat 8 2%y aRBRletimetladtlate, 2-
ethéxybtRy |tﬁetna¢r9ra@@tahulmﬁémmemmata accgpullymer ob2- 2-

vt Sl o Rt SRRl 222

tnfl@or@btmmehfadrﬂatdﬂ andithatike. a copol ymer of 2-

[0036] The gap fill material forming composition of the present invention contains the
crosslinking agent. Therefore, when baking is carried out in order to form a gap fill
material after applying the gap fill material forming composition on a substrate,
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hydr oxyet hyl met hacryl ate with
2,2,3,3,4,4, 4- hept af | uorobut yl net hacryl ate, a
copol ymer of 2-hydroxyethylacrylate with
2,2,2-tribronoet hyl net hacryalte, a copol yner of
2- hydr oxyet hyl met hacryl ate with
2- et hoxyet hyl net hacryl ate, a copol yner of
2- hydroxyet hyl acryl ate wi th benzyl net hacryl ate, a
crosslimkihy mesctiain Gecung.dr Ay, ethbyéaﬂtuyg gap fill material becomes tight due to

the %rgﬁ%ld@h?r@ reiﬂc\{lomt %ﬁl&é\y @Psd Hr@ tg{régFgréﬁlicaécﬁVeﬁts generally used

for pImdbmészslet hlsrﬂl-m‘(dmwewloatmg forehing cbyrlpasitions| for example ethylene

avo3 ROnS AR ierer AT Rnet iceiat Bisviern abvep! monosghy ether,

propyterd glyeol, pfoBddnaiglyrglanbpomethyl ather, propylemet gigcolyhanemethyl

et Yoo o Epl LA T RN, vt SOy Bltone
cyclalnekandmythréﬂmcdrwmrepioaatmpmw Zehydrbxyp-2- methylproplonate ethyl
etho@kyﬂéé’téi’?etrﬂé yﬁ’: Naohe %g%i |a§:t£%d bagY Richatbastey! dhis, the gap il

'hacCr e and
matemalffbmne@&ohyihe@apaﬁﬂ lyllat&ral ferming bempogition[ages]ing ke the present

mveﬁﬂ@ré fg?héegﬁb %tb%lx lﬂ]\mtﬂ%h ﬂff? Lst 6%tPFeﬂteEﬁ\ﬁ% E?é@g@ﬁseformed on

ron conta I Ng” agent
the g fill peatenal. i s carrled out in order to forma gap fill

[Ooﬁﬁt ‘Fﬁé%{oﬁhhﬁfngaibgr% 'i%‘ﬂottﬂfec?ﬂﬁllil 'I:Hl ﬁ& 'tﬁ’é cfd%%ﬂhlﬂﬁg agent

1 on on OSS react
havuag@iﬂ@stM@ cresslink arming sgbgtilytes lrs|prﬁﬁrablmseSecS@é§xample

melsfrh%t cqiﬂgon?:%s bhsulsstaehiurka R s @.@mr@rﬁi cﬁis%nﬁk forming

In organi c solvents genera used
Subﬁiﬁ@er&rsemhsa%rr@ithmgrouew sathoemae] a@updnﬁv b mentioned.

Wlthéﬁ@ﬂ% Ct{e rRfGR ﬁeﬁhbﬁé@ﬁﬁaw@t ﬁﬁ@l Pl@t@i gicoluril or

e ac etate ? ly
methesyseethylated n@lamlqﬂ sHy! @xgrrgwl%te raﬁm%ybymnetfm guygeluril,
tetrﬁ%ﬁéﬁbl E(@flgﬁlecﬂ* r%éé'n?é’[ﬁo rﬁlé e{ Wg{ln adelition
tetrarapthexy mGPFEY‘H{ﬁa é?ﬂﬁ%lputfeéw @iﬁa@aw%ﬁq@avé%%memw"ed
AIth@u ﬂfé&é%ﬂb@ﬂi M 8g erﬂk@thasnonaltlyhcause crosslinking reaction due to

r o e Xyac
selt-Gapdgnsalipny i aep, caubrroTalol o eagten wihdie Greseik forming
substiuént ddm‘alﬁéﬂ i the polyRies, [mrathefrqdrmgf gnbgpnm lth?e framuia (1).

ria [ corposi tion accordi
10038}, £ % a8 5l erie) o on oRmaRs i Acngg B IhE pESSMt invention,
as catilyst fef ﬂ)r@ﬁidt thé@hbveanémm‘mdl cﬁrbssitdkmg;@@ctioh | acid compounds,

suctl 3 priplienecyiy Jma\caﬁ il BBRaci, dRnium -

toiuéﬁesmfgnate |saH©5thctautd @rmfssdalloyhc hoidyicitde avids behpbie acid;
For . nekam npounds or

hyd’%%ﬁ%‘?ﬁ%acﬁ? éﬁ' cha %ro?r(ﬂ gﬁﬁgmﬁgﬁ ﬁﬂfh asc?’os'gﬁi' nk form ng
tetrabu@rslbcyclehéxaidlelh\ome‘; beeizbintosyfiatgr nitrabenayttbsyates s (H-t-

ooty TR b Rt en e B RO EorTnG o

tnfluorome’étaimesylfmldtgl ph ey (ivhoromethyl)- s-ﬂmzma,dvmizmntosylate, N-
hydrto%éuc"c%iﬂ%é/ %WJ)mg{%%%gﬁl%nate, etc. can be added. The added
amount of these acids or acid generators is 5 mass% or less, for example 0.01to 5
mass%, or for example 0.04 to 5 mass% in the total solid contents although it is
altered depending on the kind or amount of the polymer or the crosslinking agent
added.
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t et rabut oxynet hyl glycoluril or hexamet hoxynet hyl

nmelamne. In addition, tetramethoxy nethyl urea,

tetrabutoxy nmethylurea and the |ike nmay be nenti oned.

Al t hough these crosslinking agents occasionally cause

crosslinking reaction due to self-condensation, it

can cause crosslinking reaction with the crosslink

form ng substituent contained in the polymer, or the
[0038]d Tiveyg ap Bilpaterial I’ﬁ@rnﬂlog rmI‘THJC(SIt)OH aguedingte the, prafgmt invention

ma{){;éritgﬁfﬁﬁ{pe?lrhéc% Bgnt?&ﬁfﬁ’gﬁ EhRNadRESEA a’ﬂ&nh‘éﬂeﬁ%rfactants etc.

venti on for promotin
in adtidion-tedhe Bbovel deserisd OREH d m%ﬁﬂﬁfn acid corrpounds

[001?(5‘]‘: H‘h%srh@ofoﬁxgc?@%ﬁ@oéq&téﬁ déja\ddec:l mainly a almlng at increasing the

or ONe PYr |
flowabullhyé ntthe gamiill matedalifesming cagppsitian and i p@rgr,lpp@r i the baking

stegr! |ﬁér‘e§aﬁ’1§ eprB?Bth of tlﬂﬂﬁggp fill Wﬁéﬁ%ﬂ’fﬁﬁﬁﬁl@' donmishditiortirto the inside

of hpm atﬁnﬁﬁn‘wamrélﬁadh%r#@ﬁ @cltlslﬁﬁmhﬁll%?'ﬂaqeéwatwes such as
dlm%trﬂ;' théy %r?alat‘&' aﬁéjoﬂut)(]ltiﬂ'&b{élafée Ailexyl pR®aiateor butyl

t t
lsodqqyf pﬂ@\%&n{g;a@p@@g@ sggvliagft‘mresrsluchea{]sydlsr%J Lu’?yrI] Ia\léjlpate diisobutyl

adlrgegé NYiisdeichfl adigdié @:f Bﬂi?ldédy) adiphld; @ﬁalélﬁ acid derivatives such as di-n-

nzol nt osyl at'e,

butylrmelaks SHEREIERE PhAROEY DelEate Riegaciddervativgg such as

meMﬂSl@at@'HPﬂWoléﬁtetdﬁ mm@rmr@wlma{egomeano msid derfvatives such
mass% or | ess,

as Rebup SRR EOL VS HEREaRath: ¢ RS rbealpoy EPolind paRAlS are blended

in p%;schﬁaﬂél of bisiisly @bé 30 aprdh rothergdhfill inatetial forming
amoynt of the polyner or the crosslinking agent

COMRRRYLN-12 [0039] The gap fill material form ng
[004 PP AdebiGe aaxitlangs ae édl@ed)l‘r@dpfon the arpase ofiagreasing the

a8 S5 SR %ARFO SR UGN and  gap
fill rabeval fhearsd fese =0 @;sf [ niateﬂaiefen'amg cdrgeEiforttie particutar

e LS ARLRRb| A" PV o e
chidresitamss sxmm@s&trtmeﬂ'nyta:htbromlm dimethyvinyichlorestaie og

en A 575 Sl OR5H gt i B8 Bibbgpetonssiane,
dimethyddiettipgsildrie; dimethylvisylethexgsifanengt ude pht hal i ¢ acid

mefiGERBLR R SRy R eS¢ o,

phemyltriethoxgsitimey silatares| atob; aaakﬂemmefﬁwI%Bll@éane.aN iNwes

bis(i ﬁggﬁ&@l)u%ﬁ’giiﬁéthgrﬁh@gt@l%@iérﬁﬁggﬁrﬁ petﬁ&ﬁétﬁfﬂﬁﬁdaque; silanes

suctieas ¥ehloveisropyitdmethodysifaneh mtegrmnnrammmetru:mllgne -

oy SRR By et

hetemayalrg/dompounds guclobe @leazoélﬁzglee henzimidazpladndazeleyimidazole,
n'?q:f toﬁén?injﬂél'éi’ I?Si ?ﬁ’ér@&ﬁtt oBEnZbth @ﬁﬁ@ééﬁt@beﬂ%&azole

ogy con s are bl ended
uragolep hiouranyl, mergapr@lmgdaz@bsortrnawap@onv&wmen ufeas gugh as 1,1-

dirmetthyiufB &' 1 3LdikRHYINea, or thiourea compounds. The adhesion auxiliaries
are added in proportions of usually less than 10 mass%, preferably less than 5
mass%, in the gap fill material forming composition.

[0042] The gap fill material forming composition according to the present invention
may contain surfactants with view to preventing the occurrence of pinholes or
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conposition. [0041] The adhesion auxiliaries are added

mai nly for the purpose of increasing the adhesion

bet ween a substrate, or an anti-reflective coating or

a photoresist and a gap fill material fornmed froma

gap fill material form ng conposition, in particular

preventing the detachnment in devel opnent. Specific

exanpl es thereof include chlorosilanes such as
stristionsetridyfucthieo incsedsing coafabilihhpblorsdusk| surface|uneyeoness.  As the

surFRtefl eI R e o, 7 5Bl Mf G bbARRRRE: S as

polyorxgeﬂrwlenmqlkyltethgmsle d. ap@lyoyyethylene lauryl ether, polyoxyethylene

steéFﬁE%\ﬁ o‘i’y%&ﬁﬁbfér{é bﬁgf é}ﬁ?}’ Ho ﬂgeth@'é}l@e&égp?ther etc.,

ne’or ane; azane
polmxgetm!eﬂeealanlaltyj/emess Ieagapglyopwﬂhylene octyl phenol ether

polJHx@% yﬁéﬁﬂ%@ﬁ ';:Jh?éh %@gglegé “Ebwkskﬁéth%h%oydwb%w@ne block
copp!ymerersxprbﬁp;xlfatty acidresisrsi ﬁgn,esorbltan monolaurate, sorbitan

mor¥q oedl QfH %%Iféﬁ'lethﬂé b#ﬁ@e?org‘tan monooleate, sorbitan trioleate,

oxypro ox Si
sormtafewlsmargteomr mpiyoxyethﬂen%ﬁyﬂqlﬂaarfatty acigeederse $cd-i c

oA S4SlaRARIAGeL Y el ongh monopaimiat,

polmeﬂwma)@@rhﬂan enqstearate, mwe laneserbiian tricleate,
ponHx?é net §6rBH Atidtearths, G0t ﬂhé‘i‘lﬁi@ﬁé’éeﬁi Qurfactants eg. trade name:

I ne; ureas such

EFBoP EFAQ, IR0, G2 (anURQREDY: TGS FS00atHe Co. "B ), rade
nanféd WFG@(FA@&'W?H aFW@ RV Fa90 eshahOfdet@Ba iy 0 lam;;sﬁon Ink and

usua ess mas S % re er | ess
Cheraisals, 19ay. trasteqaame; FLURRAD Fd %?M}g EnsEactiresby Sumitomo
3M Lithited), Traae%?né IAsAﬁﬂengArab Acr10, r&JRFmtStaw SC101, SC102,

accor nt i | on
sC 7 e 10 sCa9 581 88 manRebitns B AT GRS ot i Yor
orgﬂhélii@%@ﬁe?blyh&tarsl(lpsﬁ l(maﬁuﬁﬁguéd byl SHinéRearCleanival Co Ltd.), etc.
Thecenda A dunAES ARG eI P2 FRREt g Pe, breably 0.
ma§§t%'di”llé§s Wtﬁeﬁ‘gé@ﬂﬂ fnatstiglifoRsin mdnyﬁcsyt&jmad:mdmgl toythe present

et hers

NP e irtarants Fbg BAGEH singth By tm%ﬂ% shihemmyyy be
add@ﬂhﬁkmnﬂghgmﬁyethylene oIeyI et her, etc.
0X% ethI ne aIk et hers . . .
0ok Y8 S el neaualording ceradsilisn of i %ﬁ%& inypation. several
solmformmmgﬂlh@Bbo&t—mentloned polymer and crosslinking agent, and the
like R yoxggt y! ‘%ﬁgg {lgg Hea%l?e H‘Lagi%kqf egﬁﬁght\ﬁ 'Ffcot monomethyl
eth&m emwemagmobmbhoethwl ethenrrnamyhcelblselvesanezbateaethyl cellosolve
no arat e blta '

ace BB EGYs E8] Rphoe S B IaE hRR HEGLEY) Bner
probﬁéh?! ghedodl p’repseleae ghyap! morthgtbyl;&thely pempylsrw plycahmonomethyl

nonol.ayr at e
ethdoronial ProBEe SN IRV CRReE BESple T RAAPRIER AhEthyl ethy
ketone, yclopentandneatgclohexanone, ethyl 2 hydroxyproplonate ethyl 2-hydroxy-
2-methylpropionate, ethyl ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-
methylbutanoate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, ethyl 3-
ethoxypropionate, methyl 3-ethoxypropionate, methyl pyruvate, ethyl pyruvate, ethyl
acetate, buty! acetate, ethyl lactate, buty! lactate, etc. These solvents may be used
singly or in combination of two or more of them. Further, high boiling solvents such
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pol yoxyet hyl ene sorbitan tristearate, etc.; fluorine
based surfactants, e.g., trade nane: EFTOP EF301,
EF303, EF352 (manufactured by Tochem Products Co.,
Ltd.), trade nanme: MEGAFAC F171, F173, R-08, R-30
(rmanuf actured by Dai ni ppon Ink and Chemcals, Inc.),
trade nane: FLUORAD FC430, FC431 (manufactured by
Sumtomo 3MLimted), trade name: ASAH GUARD AGr10,

as [BOURFeoN gbyQS norkdiay, etﬁelimzpropgene:glycﬂtmobs@d@&her acetate, etc.
nuf actured by Asahi dass Co., Ltd.);

ma‘gﬁéiﬁééﬁaoxane pol ymer KP341 (manufactured by Shinetsu

[008%k Fimahg trese saldents, iisprefatableptceuss the solvants, the hailing point of

whlgﬁ‘g ﬁﬁhgpfﬁ&tﬂpﬁé@ flr%n%ihgn f@ﬁﬁe/l’alﬂprel dtife anyﬁ% Hettioted polymer.

materi a
Particuipdy,i fireferablecsolvénty are soi’ven , e heiling peintof @rhichrlsgﬁlgher than

e 4735 i, TRip AT A 08 OBy 107 B PSS s, ki
the bakuslgl temfesatvire dn bahfpgﬁﬂar@npbmng e gﬁmﬂlématerﬂﬁl SQRMipgE
conaﬁ?/s?ﬁﬁ of tT’l 'pf@géﬁﬁ éntiBr?ér‘P'ﬂYé Q&bét%? ﬂﬁ@‘é'%cgﬁﬁlé it"i’é‘EFeferable that

Cross agen
the b@d@g pmnttcpféhesﬁ selwe@ts raaaeﬁﬁrynb d2Q1C. ot iR H%OF the solvents

havﬂﬁée?étﬁﬂ‘ﬂ@t ||n%§5 ?brm ¢ BBbans nﬂinﬁt‘éﬁhn&@ BPﬂﬁlﬁlti( of the gap fill

et ate, eth el |l gso
matgciel &xr@mgjp@mpsélﬁa lg|b§llst5|g preresefanA pr@ﬂﬁ@fmme time, and

the@f@r’e’"\‘ml rcﬁ:]éf‘fét%td%%&n@é'ofﬂohﬁ and RABEYHE PPogEicEAn be

propyl en nononet hyl et her propylene glyco
imp t hyl et her acetate, propylene gl ycol propyl

[oo&!;t qfre?&'ﬁb%t §olvérﬁb ldﬁ@ %rowléﬁé‘ @chﬁ?hlb)‘lbrr(eltﬂiw lethérep@pglene glycol

ent anone, hexanone

moqotpgm b?br%yldﬁgﬁt@ déqthyleng g{x,qptl Eﬁ@mmethyl ether, cyclohexanone,
proﬁgl@ﬁé I3 ARBriIme® Ieﬁﬁé\‘yéce%tboéhé%ﬁimigetheﬁi byl lactate, propylene

glyerl mgnoikath %&ymmﬂé@%awg%f“ O i TBat noaeE0 95k Bpganone.

duemylaﬁle colef}gfzcgme&gmemtoﬁ: a i ofﬁhemhgfxéang{n?rwwmrable

(0046 Habded Hwafeae't%@'rloayﬁe%nﬂ ST comPosTonaY 47 piesent

mvérﬂid{ﬁ@ttﬁseﬂﬁbl I?h%ah&%i:tt%@ m@bdssﬁbfbeerrrconﬁmtat deviced by wsing
em ur er ollin

subhraffo hgyBa fiobrawih sncoresh B ot e BRURRigeRgfel or more,

parﬂé&léﬂ# i mlﬂ’mgrabh@bl‘mresa@ﬁahédamascenerpl;odess m xed.

ook TR s gkt P AP b4 Bfnection ot
(vigt helg) hhepividet atrthesaaimea pattofesulistrate, m‘ndtcm)per is utilized as

TSy BERAEE TS PO g proces

hasthges wm"nlmmaspét& rgtiasisown anhelghtidlatrmtpemfa‘t ar Rood, getmrally 1 to 20.

oGEHECh Ao (R i 5 Syl B Bgsct oo e

narfow partsttheremf mﬁthranwgommmpoeats@alager miatenal eslehtas antn reflective
coaﬁlﬁg?rg%@gllaég[ ffie™ WRA4hE rbBhR ot GRLAY wabta prdblem that voids
(gaps) are formed in the inside of the holes. In addition, when the conventional sub-
layer material is applied on a substrate having holes with a spinner, and then baked,
dimples of the sub-layer material are formed at the upper part of the holes, and this
causes insufficient flattening property. Consequently, even when a photoresist is
applied thereon, an excellent pattern is not obtained due to diffused reflection
resulting from unevenness from the lower surface of the photoresist.
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the boiling point of these solvents ranges from 145 to
2200C. The use of the solvents having relatively high
boiling point brings about a mai ntenance of fluidity
of the gap fill rmaterial form ng conposition in
baki ng process for a predetermned tine, and therefore
filling property into the inside of holes and
flattening property can be inproved. L0045

[0048]cQn tis ethephasd: ky usiagshe pﬁpé"wéngley@ forpine RRMRPPSition of the

I | |
pref‘élht‘? '?a\{%rmogr)ét ??ﬂmgy‘g?&%Wrmno ﬁrﬂ.'%yl etr%?ﬂth)é gap fill materia
form%thﬂi@ﬁtam e aﬁf—‘-@ﬁ? gl ycol nonomet hyl et her

[ooéﬁ réinaftef tﬁ&%ﬁzéthﬂ%ﬂ%)da |fﬂﬁh§ié?ba! fdrﬁﬁﬁ@ eBmposition of the
nono et her, propylene glycol

prewﬁdmmnelsﬁi@nscaw -ate, cycl oheanone, di et hyl ene

[00ShY T a%@ffﬁfé‘ﬂéf\wﬁg PBlesOkitiR aﬁldsbébﬁraﬁ) strhﬁ\m inShelghtldlameter of
refera

1 ofigpr HGr RERBPRSICOR RN AFFES ForbRU A Siic it affidd substrate
gIalstss‘;él%(tlnﬂ{:!attts@ésJ Cl"[?r %{aﬁ oﬁth@mé)aﬂfel@a}% g{l ?maﬁ?lldbmmg composition of
the Bresei IMNEWO.S PARIEG b s teherroRRo riead, B i it a

sp |rm§rea co@ lor the ke, )anggzgréaﬂbh gm; alnﬂ%traie isbaledfo fabscate a gap fill
maneﬁgﬁéa Pika8e B - ateneqnifitons & Saiha. SRR, sBisREEF fiom baking

tenb@lr&llreibﬁs@ t® 2500 ant! bakingstime gf @3 tw60 miautest r Fthese procedures

oo g 35 et v B PP A S RL b o
andhaith bdiigh flbitéhmgrprapeﬁyc(Flgau) o |alfégui ianis dimple depth (um) of the

oor L ABTLSTFIC ol e orf® BcHF A i Beping rte )

1-(a/bx18Bove- nenti oned aspect ratio to the narrow parts

[00%‘@]e g\ﬁ@& %‘”g?’lﬂ i¥i\§{éf%rf§§§{3&i Q%MHHTIH?%SP fﬂ%&l{e’n@i oﬁéﬂﬁé‘r forming
an anti-réflective u:batlng and thenea eub@t@ta pEeeaAsiNg SHRAMTIo) |0a§ bv exposure

de of the hol |
to g RN eRbmodt ARV bIEARG: 10158 oube Taver material is
[005RDbIT hﬁ:lg@m filk matedallayer foaved drams thesgap flﬁ matefakiepning
con?ﬁ@slﬁ(g'? Hc&@l‘ﬁﬁ\% to tHb 'H?é@éntﬁvérﬁ%n%‘ *éoh'ﬁ‘ﬂﬁég/'WVeﬂ firdlly after

expoaUEStD HGht N dGIpTReak AT O Bl SUDKEHIS BRsSIng. and the
[lkeﬁ'H %W?IW&SQS f H&?lh?écﬁéﬂeséf de‘imcéﬁcﬂhét@ﬂ'déﬂ@é e011he @émoval is generally

'ent pattern i s no alne ye to

|
carfied DuLbY &R elobing 1 | IRgh? PR dDCIREEN ol HERFG known tht
theﬂ@ﬁéﬂﬁe‘ﬁfroﬁ&}ﬁoﬁ rd)‘i’(aiiliirﬁét@hng sﬂrﬁcﬁ.@@%&hta@ied Ivea Gyl to be removed

eria

usi

s, Deripiver heorerapval rate oy o Thprerorgy st wharef i desirqd to raise the
remyvap ?été)byadl‘} eftJ:Fﬂh elﬂ Is’m'elérabl%rtbyredﬁcé tiee gmmuht bf aromatic ring

nmat erl al 8 nﬁ'ée H? c% clafn be acconn srqua%% [Oﬁéﬁ]culaﬂ it
StruqeIg; GRAHAIBR: 8P il ZtPtel TErm g qtRoF o Unede, Y,
is préfefalile t6 poaas thecimofint dfearomatis giny structurei aomtaised in the polymer
conqgg%rlltb q’herefore when a gap fill material tayer with a high removal rate by dry
etching is required, a polymer having no aromatic ring structure in the structure
thereof is preferably used.
[0053] As photoresist to be coated and formed as an upper layer of the gap fill
material layer in the present invention, any of negative type and positive type

photoresists may be used. The photoresist includes a positive type photoresist
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[0050] On a substrate having holes with an aspect
rati o shown in height/dianeter of 1 or nore (for
exanpl e, silicon/silicon dioxide coat substrate,
silicon nitride substrate, glass substrate, ITO
substrate or the like), the gap fill material formng
conposi tion of the present invention is coated by a

congistibaa BhAIRURSEnd drRinaREeaene e desuPRE At ester, a
cheRfika %rﬁcgﬁ%tll Hb@t&cg?ﬂa%gséw]ﬂléh caﬁéa%lto’i'a ﬂ:tﬁ)t@?cnﬂfgeg}erator and a
re suita el ecte
b'"C#grd]ﬁVHm@ KOUR »?wé} gt dReOMROsEY With 95@@@' 30 ngigasRs alkall
dusgdlmfﬁarpffaté) a?ach@mﬁiléu iR IFffRd Eﬁ@@ﬂoﬁr@ﬂsﬂwmt:cr@ shardalkali-soluble
| nmat eri a ou currence of v
bindEp ool sepﬁ@t%%ag = lahlech S edynigfic Jecomposed
Wlthoél@ Q@rd and lﬁc@eas@s th?rallfalgdlséoluﬂom Satéldf}ﬂh@pﬂetmlrésléﬂ an)hem:cally-
eria
amplied RhasPieaist sonsiSEnG of Aeten ot opPisin o Hindt fayifly aroue
whiél®is ﬂ@&&ﬁﬂ)?ﬁmwlth anpdnd anddnsieases the alkli disselution rate, and a low
o9 BB J B b 050 & 28 frgenses the i
disgolutimessita gf thee photoresistou obgxampls drasle namei AREX-E manufactured

by %@Q%Iy gq%dg |¥a be Bhﬁ%ﬂ[rﬂgﬁgfla?tq?% Eg%tfn‘\lh%mo Chemical Co.,

or rre fro
Ltdfanmtragie mpoSEﬂRﬂ%Oamnufachged@yt%ngtsydémmlcal Co., Ltd., and
| f;
the JREIR P ERGAED! A CATENAIL Rphich, BBt an o expose

to nghb&wwgreamrede@gnn@d maak i drvelopads ninﬁed apdéﬁ@sistoabtam a
pho‘?@r@g s??)%lﬂéﬁ\ Of ﬁ@ggé(;sgﬁﬂ g)‘b%f’éxﬂ?éﬂ Paké r(PEB? RPbe | rformed

carri e ere

dry et
[00 ] c&wd@welnpwg for PO$I§V@Q{P@M1¥0t9FQﬁﬁiW%aVHQtthetQa@ fidh rgﬁtﬁrﬂal
forntn‘-ik?3 bg rL%chfttEQ @agff ll%ﬁtﬁfal f"orﬁ'hﬁ@ cél‘hbﬁﬁftléh ?oaclﬂﬁbgﬁa%? ddtording to

he r em)v al ‘rate
the psesent dnvention, thaqfoaawm@u& sQ 'ét'QItSs‘PfrE@&a IsFanbe ysed:

moﬁgﬁgtc élﬁﬁﬁ’!@éh é@ts%dﬁk‘n ﬁ?drcﬁdd@'p%@asshdm'rﬁ(dﬂiﬁd@rs’ﬁduﬁntdarbonate

uce the apount aromati c

sodiusmsdicata) SR Siejapiineie oA BINE wa S1g RGNS ATINgR Such as
ethyléﬁ%e Bﬂhiﬂréwiﬁh'hb{e att., sb&onﬁuﬁﬁfﬁdrﬁhb@ stieh @ed:h@thylahane or di-n-
moynt 0 matic,ring struct cont ai ne { ?
DUl Sk SRR HoR by e tRR T G Aeidiet amine, etc,
achFfﬂI Qfifks lsaMI@ hs\dlﬁIbtrWIé‘theholramm\ﬁadr triethanblamhine, etc., quaternary
etchin mer Vi
e R S A e PR32, G BT GH
hydvede oi&ﬂlﬁﬁﬂe Mcfbﬁlwmlr&}: Sthclh émpwmdeezld pipetidioe ratd. as
per_l ayer, g t eri
FUF@]‘%Q’&E‘F a ﬁyégﬁlﬁ uc{ﬁ)pg 5,)0%&%??%;? yaﬁr%q}@%géggor gﬁrfactants
such}aseambh@twrmltaﬁ&am;e hdded eritheTdimovehmentierseéd aqueous solution of
i.nclydes a SI |
a3 1R, el A5 58k A B i Yo, ang
morLprieferat yetetrdmethgammoniuehydrakide-andothdlined type
[oogﬁﬁt@‘i &% §hp Wi nFltefifNSYSR tRE pReddhiRRMiEn IG5 Shitefiective coating
layer may be applied and formed prior to application and forming of the photoresist.
The anti-reflective coating composition used in such a case is not specifically limited,
and can be arbitrarily selected from those conventionally used in the prior lithography
process, and used. In addition, the anti-reflective coating can be formed by coating
by the conventional method, for example, with a spinner or a coater, and baking.
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bi nder having a group which is deconposed with an acid

and increases alkali dissolution rate, a

chem cally-anplified type photoresi st consisting of an

al kal i -solubl e binder, a photoacid generator, and a

| ow nol ecul ar conpound which is deconposed wth an

acid and increases the alkali dissolution rate of the

photoresist, a chemcally- anplified photoresist
The:anuﬂrsﬂemlge@baang compasitionjacludas fr exampla dae santaifdas main

corf Qs 4167 abSefiip PS4 Bt ABByeE e aiing as
mairosroperentaiacpolymed Bawng@hght\abﬁﬁrwg gequp thigugh chemical bond, a

croéﬂﬂkﬁ@ﬁ?eﬁt'ﬁ‘__daé Eaivbnt Q'in%séﬂn‘t'élhﬂﬁ @FrﬁerEo&ESnents a light

ot ores , tr ade
abmhlngéamm@md I@yCTS$§|i5'| 89 zgppiand a selyaat, eRsLONtiRingAs main

rﬁﬁ&k’érﬁgta%cﬂﬁnﬁy c@é@luﬁl@ﬁ@ a ﬁﬂh&\ﬂh%ﬁqgﬁ abb8rbin &ﬁﬁbpeny and a

trade nane; manuf act ur eq

solygnt, and ¢he "b’ﬂad T'i%é"‘l" gieciya coating ﬁ?fnméﬁ'onmav Ca"ta'" an acid
co:ﬁﬁ@ﬁéﬁteah glcid §eriethite donmipirienafd medld%(w@ohtmuwa@aﬁdor the like, if

necksabl The 19 Sase it amReands el SRS A HSSGL cany compounds
haﬂ‘f%ﬁ&ﬁgﬁAgbg lbn%rﬂ Rt aep h@ﬂ@%teﬁafﬁﬁ’é chanacﬁﬂ{anervﬁavsmgt th region of
eve 0Sitiy otoresi.s

thelphRgReriS e Lamponant i e Pagtorasist arRigel GuRE ARt s Tagtve
codtingl an@iedliide ferarmerrﬂe benmphéno;m cfornp(%mﬁdso beapblyiazole

accor di n res nventio
corgdistss 220 Dmrsiod: Rarheleé mitlindso gntPatdié fmpounds,
anthfd@ilmomsdimpeunmItnmlhsdbmpodtadspm’tchﬂm like. hyldveopolgmers include

pol qgrsuqn} IC rbo e&, Sg@g&%ﬁgbbfﬂé\%laf} etaiaacwllg polymers,

andthehikes Tdtehydlpmiense having -adighh pbaaibig geup. thrcsugi"onlwngcal bond

mc@@?ﬁ%iyr@ggﬁﬁggﬁlgj@ﬂi’ é@&% goiroﬂ#aa%f&nréﬁ%&)‘u&U’re@ucl‘?ég anthracene

ringyetapptiilendyingnbengzenetring, qua‘luiloacr[ngamunmahm& ringor thiazole ring.

[Oogbﬁlﬁgﬁéﬁ?ﬁ% oRWHIEN ﬂ'ﬁ bab i ﬁL 'ﬂ?él@{laﬁ%ﬂ &frﬁpesmon of the

RS uny S &% 980 et rane
prebgat ioxeokion isappliediayé suhsiatemhavingdholgs d\éthoﬁln aspegtratio shown in

he:éﬁﬁ?nﬁn@féﬂ &1 8%?? il’gf Exé‘@g@’rsﬂf&*)ﬁlsﬂfcoﬁ cﬁ@)ﬁﬂ@ cB%t su%étrate

ernore, a Sul
silicogomitrissy substeate,glass sehstrate Q) subsitate oaéh%lhke)rihet are

corﬁf\éfqi@ﬁéuﬁﬁﬁ?édagl tES rﬁgfﬂﬁg\cn@?e bhﬁe@n%praggmatdb%ad MW, the
corgeasitionpsan berusegfar §uh%tfqteaﬁﬁﬁwgmﬁ e Mith anaspectatio less than 1,

or sflgﬁgl%?@@hé(wﬁg%fe}ﬁh Whé‘rr%%ﬂé'ﬁ‘ thé %%bé Shéreef.C et the

mat eri al er in prese
compeaitien 6an bgrtisaet for ﬁ\mt&aﬁ?s \fﬂéV'@S:ﬁ $i§Ps| a{%&‘%‘ﬁ?aﬁﬂme these
sub%?rl%'té§ﬁ1a§'% §l§ﬁ§1ﬁ¥e§bh wmémﬁmmrggmd Anti-rfeclivg Gbatngls formed

by EYRpEEIabE tedike; And theoap BhGEteTAl(GmISg contibsiqnyof the present

invehtiBrt 5h be%@@té@@nhfegumttaterl ly selected fromthose
conventi on rior |i

(00575 Tite 65 FH rhataial fomet AonaAts dee il SRR DpnPlrsragpsition of
thel}fteS it TRvemibrCPaY ichttail vntdbeonstivrefor h@lﬁmhsemhhbd litfagraphy

pro%éggp | I% suvghtall1 cgses th Bg{) fﬂ gtena%a?l{ acfas a?ayerr?%vmg a prevent
effect against light reflected from the substrate. Further, the gap fill material of the
present invention can be used as a layer for preventing an interaction between the
substrate and the photoresist, as a layer having a function that prevents an adverse
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17 The anti-reflective coating conposition includes
for exanple one containing as main conponents a |ight
absor bi ng conpound, a polymer and a sol vent, one
containing as main conponents a polyner having a
l'i ght absorbing group through chem cal bond, a
crosslinking agent and a solvent, one containing as
mai n conponents a |ight absorblng compound, a
effect agsinshitiensubedrate byrtice matetialarsed fonthectdmtal*eslla’tg)r@y substances

o8 o SRRSO ot RO B34 085 L 6 I RGRIng 91, Rh

prevends atiffisionand cadveesezeﬁeatﬁ @f e@lnqtesces formedin thm substratg on

bakﬂ"f:tr]eol Jerheats roIP %&fﬁafé‘?’ﬁ%ﬂ}rﬁéts onponept a
[0058L éiﬁ&mafterribel prgmntanmtmwmmmggd based onexamples but
the‘;ﬁ?@%erﬂﬁﬁvé}ﬂbbnqgfmwﬁﬂéd tnﬁr\élrt@g a high absorption for

ot osensitive characteristic wavel ength
Synﬂa@tmaﬁxamplee fle phot osensitive conponent in the

[oosgptlﬁﬁg% %bf gfrgwa%?é%e 080 Ehﬁ 2 droky‘eéthﬂ@brwﬁe wapdisselved, and

I nc exa enzo e CQ

nitre@ey wasi floxsdeto th@dﬁasmfago Ufioh Trothies. tﬁsaﬁﬁlfh igrapgrature was

ra.s%efteomés wnﬂ@fr@@a%tuéﬁ@am&ﬂ%as né}stiata@acnomeg of
npounds, . triazine

azo'gggl%hytgrqnﬁghmgs aggpgggmtgggrre% Hpaglhq\lgrggen a’tmosghere at 70°C for
24 Relirstbyoegiasa selneon of OMQQ-hkdrdRQéMDat@Iate acrylic

BB R o b BEI SRRy 8
appRPatusy RIS 00, S8R0, GD802M,sA8B02Y W&ﬂﬁﬂ)lmamwfagtured by Tosoh
oS TS han SRR ut b T4 R4 9 oo
corit:iihmgom teg:Tgigs% df %i0s fdsuiftirgg poipster at adlovnraitiof 0.6 Mn'garﬂor.30
i e e 5L SOBBR 4 By gy tme o

the sargde dwtusreamﬁ detettiomof RI. Haiaglition, Sirotlex ﬁeah[paerFriJGé B was

LA oL s ol

werewsstd as a anlurnheand bewmmtammraturewaaeﬁﬂhto#@my used

o0, A€ TERH) B8 B BFELERAAHAL BN leculr woih

of 98810c(in tertits efrstasdarckpalyatyreneds end mmpmpor'ﬂﬁn gﬁmlvm%élavmg a
mo@%}ﬁ d,gg\{éb@ﬁéf 36b636tdl‘35%5r9tﬁé SOl SRr Was d@)fd lals o JIRRUSm area ratio

conmposition can’ be use strates
of BBCiawgveo steps. In the meantinme, these substrates

syr{{ﬁgf{t,@gx?i.@?% pates on which an |norgan| c

I've coating is forned

[00BRE 1ni 48,5 araf oG 1aiptes 1513 d-BysEary SOy HORGate Bnd 12.9 g of
ethfl% & LWord cﬂ&scflt’@d pﬁrﬁfﬁ ﬂbgeh W‘Hd\r@é‘d Foaﬂheh@aéﬁ@i leuﬂﬁn for 30

ubstrate The @ fill materi

minutesnthew thefermperaturgwas Bisediar O& coffpet % B’a’-?C(UP" sojigion was
kep‘? %??G% 0 @Vﬁ Bf é%bl%%b&@%rﬁtrﬂb %s%@ﬁphh@ Rtifred uhtléhh;trogen

atrrmshem ot ARG Farad egwsgetobié)lﬁ?;%gp&]m%g% H %Ogﬁéwéﬁ?xyethy"
acrylate with ethylacrylate.

[0063] GPC analysis was carried out similarly to the above. The resulting polymer
had a weight average molecular weight of 11000 (in terms of standard polystyrene ),
and the proportion of polymers having a molecular weight of 3000 or less in the

polymer was 9% as calculated from area ratio of GPC curve.
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effect against light reflected fromthe substrate.
Further, the gap fill material of the present
i nvention can be used as a | ayer for preventing an
interaction between the substrate and the
photoresist, as a | ayer having a function that
prevents an adverse 18 effect against the substrate by
the material used for the photoresist or by substances
Syntheticedxamplexdposure to |ight of the photoresist, or as

. : { : :
008,380 45 BAALGHEmEN o815 Znidie pgtitat
anddn? gogkbwymmﬂatmwgfe ﬁ@s_ptyedhgn@ pieqganayas flowed to the reaction
soitﬂfb‘ﬁth[ gﬁ'rﬁihuﬁs[, Wihe’ﬁhﬁﬂé@%ﬁ@ W&st RBRIBIRPE. While %he reaction

Invention w be described based on exanples but the
solytioaswas kephaint0°6n 0i4g whazebisiscbutyreritrie wasyddese apd stirred under

. b t il -

oS oGO0l 325 ol /i S pmef ok o2
hydie/Proriiaerytate wite' heneyiaceyateol uti on for 30 ni nutes,
[00?%]2 g?g%@%?\%ﬁ l&a‘?rsiéukigut §igiil%2§6t)% the Qgé;.«e.V\gTi'Ih@ résifiting polymer
had:g wsight SyBIRIR BHaGRTavelbt Gti4E000 lin Feided o gandakpolystyrene ),
andthbREportidhBIpRNghErsthavitld & rheleculdf wanglitoft3000irdess i the

sol ution of pol Z@Eydr oxyet h%h:? afcé late. [0060] The
polyragq,vap :ég(gﬁélfﬂlé-ﬁa dramgrea (e o é&?‘éﬂfﬁi ysis by use
Exaphpl&dC  apparatus (R 8020, SD8020, C08020, AS8020,
0055 0 T S5 ECp s Bz RSy am g gptaned
Syrtméisit E&arr{m@ H]E laigﬁ @@I tbtfﬁ;nethgx?n?'\/efhw biycoksil| 0.0046 g of pyridinium-

ol ynerat a | ate of 0.
oSl okt 0.8 o ik Qo8 Hob ot sBighrife.18 o of
eth;ti?@ctam \lﬁeté 33;1@0} teeobtain 18£5% sopitienby Then, the resultiogisoiution was
. 1.n_addi t pon .

e oo a7 BN EE S EA ELABE gt 7 0.05
to peEdrerdyapvil enateddl fasmimgecdmpositiam dottibn for litbagraphyur e
Exﬂ\p@& t to 400C. [00611] As a result of it, the

i ng polymer had a wei ght average nol ecul ar ) ]
[006F] Jiot20 gfof as@iutiomcaendainingpoly{2rhydioxyethyl)acryiaiaebtained in

Sy ST, 0y 8L UMERER B8 EolRLFOBAEG of pyicinum-
p-tatugreus elfandc acidmi hi2eg of prapylensf glgrat roonetutylssthenand §.800 g of

| t a .
et PRIy Ed RAAE 4 P 158 SRR, ThE osifig seuton was
filtevast thraugts almiew fikeranade obgelyetadene baxag eeparRaliameter of 0.05 um,
to p{i’%ﬁnﬁg:réggaﬁ ll ‘t‘ﬁét@ﬂaff%ﬁg?r@oc%g%iﬁén sbfﬂﬁBng&elitho?[aphy.

ure was railse C. Wiile the reaction
Exagaplgtd on was kept at 700C, 0.3 g of

[Ooﬁié'f ?[*gs%(ﬁ@@ftayéd?@liidrf Ebialfify Bd&sholdnEr 8F 2 HyaEbxyee/lacrylate with
ethylacryia%e that was obtained in Synthesis Example 2, 0.92 g of tetramethoxymethyl
glycoluril, 0.0046 g of pyridinium-p-toluene sulfonic acid, 9.50 g of propylene glycol
monomethyl ether and 6.18 g of ethyl lactate were added to obtain 13.5% solution.
Then, the resulting solution was filtered through a micro filter made of polyethylene
having a pore diameter of 0.05 um, to prepare a gap fill material forming composition
solution for lithography.

Example 4

[0069] To 20 g of a solution containing the copolymer of 2-hydroxypropylacrylate with
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at nosphere at 700C for 24 hours to obtain a copol yner
sol ution of 2-hydroxyethyl- acrylate with
ethylacrylate. [0063] GPC anal ysis was carried out
simlarly to the above. The resulting polynmer had a
wei ght average nol ecul ar wei ght of 11000 (in terns of
standard pol ystyrene and the proportion of polyners
having a nol ecul ar wei ght of 3000 or less in the
benpylagratevthat @as abtainéd in Syeihesisdoxample 3, 492 gaf GPC

hexgwegﬁ?%zetﬁy rath Eﬁ‘i‘)‘@@' fo@ps&rﬁl@ﬁiﬂh-bﬂo@gng SUiBhic acid, 10.66 g

of p@pﬂ@n&g!ypobmhan‘m}h)dmher andi 1640 ggofcnropglﬁnﬂgmq} mgromethyl
ethé\ﬁéc%tﬁlﬂes\ﬁ&le ftﬁjc! &hﬁ{ggﬂm Y&tdA. OVRSkr, Iné PSsulting solution was
on or m nutes, then the

reacti on
fultemh'qblemlagmamwmf iterirpade obpolyethylens haviega pasastiarpater of 0.05 um,

to p?é} b'é’g ;g’ﬁﬁ nﬁ@ﬁal%rlﬁﬂ'%accorﬂpésﬂoﬁ’&olutlon for lithography.

ISI utyronitri added, and stirred under
EXEﬂ"F!'ﬁ&gen at nosphere at 700C for 24 hours to obtain a

[00‘@@ 9 o|$g'téqutfdgﬁnt%m@dth@%bmém?g?dr?fgpﬁdggiacrylate with
benzyl ﬁpnéa PbWﬁﬁé’ jped In $M@theé@ xample |Q/ﬁ%9 Ofhad a
tetrégtﬂgﬁgﬂar gﬁ&hg@w@gﬁgg loay dcyw ;ﬂmdlrﬂﬁmrl;?-fﬁgﬂehe eutf@mecmd 10.66 g of
propona gl ieohgiahemes hvkﬁéhah@nig T4danotpropylece; qu%m“omethw ether
aceRfte Wate amﬁedl&%cﬂﬁalggigc;'o%aétﬂ@hdrr OIMHNg the mtsumng‘ sdlion was
.. CU e. anpl e sol ution
fiteash R0 T ThisTg (harTyae 2] BokeitRidhe, faiiSs Bindte diameter of 0.05 um,
to p%’mérb@ ap lﬁlmﬁﬁtéﬂaﬂforrﬂlr@%cgnptﬁsm@i selutioh fiondithegfaphy.

ur, q 0046 g of pyridinium p-toluene sulfonic
Corpdzivg %@nao Bl

propyl ene gl ycol nononethyl ether and
[00151‘18' o gfof cetﬂméroiaiwtaammerpmlwuyléne@lymﬂ &unseBChemical Co

Lt b 5T e 50 088 02 Lo BReinb i avoolur
0.0048 ¢ o:llpgrnﬁirmmqithérfe stlfanic atid, ot €gpotpmpykenef gliytol monomethyl
ctn 2L 128 B IR aHEARGTL b ARTL AR 25l 4cR] PP, e
resmit)hg D itipd rveas, Bitdred thmughaa eierbtfiten swdenof rsgly@thwleng having a
6 CBie br Py i g AR KRRl St G Rolfincpiiop solution

for Ighogremhypyl ene glycol nonobutyl ether and 0.800 g of
Dis%ﬂ[]%n &E&lﬁt%lyﬁﬁﬁo?ﬁﬂﬁf&éﬁspbt ain 15.0% sol uti on

utron was filtered throu
[0072 rlchef sqalumnmﬁrbecganoﬁﬂ m@tefgal &TeinagrIpositionseb Ainad in
Exa?ﬁdﬁggﬁeé%dg%p a%glqg?%ﬂﬁbratfv‘ét el Eeel of %@kgb'od@ﬁ&fﬁ n%ﬂafers by
means of a spinner. The coated silicon wafers were baked at 205°C for 1 minute on
a hot plate to form gap fill materials for lithography (film thickness 0.22 ym). The gap
fill materials were dipped in a solvent used for photoresists, for example ethyl lactate
and propylene glycol monomethyl ether and as a result it was confirmed that the
resulting gap fill materials were insoluble in these solvents.
Test of Intermixing with Photoresist
[0073] The solutions of the gap fill material forming compositions obtained in
Examples 1 to 5 and Comparative Example 1 were coated on silicon wafers by means
of aspinner.  The coated silicon wafers were baked at 205°C for 1 minute on a hot

plate to form gap fill materials, and the film thickness thereof was measured (film
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[0068] To 20 g of a solution containing the copol ynmer
of 2-hydroxyethylacrylate with ethylacrylate that was
obtained in Synthesis Exanple 2, 0.92 g o
t et ramet hoxymet hyl glycoluril, 0.0046 g of
pyri di ni um p-toluene sulfonic acid, 9.50 g of
propyl ene glycol nononethyl ether and 6.18 g of ethyl
| actate were added to obtain 13.5% solution. The
thickhess 824 #mhg @oleach@apdilkmptariad was qaated, gwommﬁmiaﬂy available

phoftéﬂe%%'( sBRfien Qhaﬂ%\‘é&ﬁﬂéﬂ' WShlpT@y"CB&g%Ingflrrédé’ hﬁﬁﬁ APEX-E, etc.)

llam to prepare a ga
by @Sﬁﬂ%@f fiseinnesol 1e sﬁa#eélrwafﬁrwgr%bﬂ?ted@!aﬂQpCé‘om minute on a hot

latIeOOWHergfzog&;rr@Oafth@pﬁ@td#tésé@ts &Q@n@'wﬂ@x G@r@mmasa tha{)erformed
Wi y4
at Q%ag%gb%/gq miplte np qj,%\éq QPIRg éﬁ% pﬁo@regsézﬁ'ge élfn hefckness of the
gapffﬁkmﬁlﬁrmfﬁf&“tﬁbdraw M}s?ﬁeaﬁzr@ﬂ%rﬂl iPlvas confirmed that no
mteﬁ%%n : gh@rgq,fgg{#q%gﬁtgﬁgqqﬂ,o | @??@faq%mqﬁﬁogrgpav gpta:ned from anti-
reﬂ@ﬁtnl@ydmmggio}mmsrmepamdhwExan@plbem taGand Congparativel Example 1
t Okf{q‘:t” n i 5% sol ution. Then, the resulting solution
anq,\;ﬁgp PESISLIAYELS ough a nmicro filter nmade of
Test:sod:ry@ld‘t;elrdzthRla?a/al:t@ Féll Boperyi ameter of 0.05 um to
re a mat t . .
1004 e it o th B mBterlahiiTMdo EBRRBRIb Rptgjngs in
Exampslet dttodhand Qomparative Eeanpis ! ywere arfated on SiO, wafer substrates
-h J l. | at it b | :
eGSR A BT o DAL ASHABI& il e comt
smcbetwaﬁeeshbextyates lwdre dlaked|at 2067 C Go0D tigutefon a hot plate to form gap

fill rﬁgtreg ﬁéﬂ}tﬁe t Ef \’Iﬂgﬁ%%tﬁgﬂé tvﬁézér g gﬁg]*q'fﬂ %@ ﬁl% gﬁe? area where hole

patterm m/m@trmegelytdolthermmm hyhedlatteningiate of thevesultinggap fill
matteﬂa%ﬁ r[bg%p(ﬁ&r/%ég 'a‘é%éa d C,F ss?ehh@ WRR 5\' éda?nﬂlrﬁ_)oéIHHrBﬁ‘
mlcmﬂosaaer(foEéﬂetha@eph@nai fum of thedi cwater sgb%at@mawmgg holes on

whl&'i ?r%"p Ffl%lL%st?ﬁbﬁﬁh @X&E%& "iql \%@bﬂﬁatwe Example 1

wag @mlﬁd TJ he rgsylts afﬁrﬁb@wn i Tgblgvhi 1'Ehe @atﬁﬁnlwm?lvafedetermmed

accS}c?{ﬁg &%ﬁﬁfgﬁ&hwgﬁ'ﬂag%bofqhg ﬂgtgtbﬁmg faf@@as 1@ when holes on the

SUbﬁU@ {attegedcol uril, O 0046 g of

FIatElé/rﬁhgI 'F\‘%ité’ EF*[H’ t(@llmtﬁé‘ deptt & @:f‘gép At nihteAdl fOr Elh@éraphy at the center of
4) ggé ene g coI pononet hyl ~ et her and 25.6 t hyl

holg¢s¢haled O)6d8Y to obtain 13.5% sol uti on. Then t he

[oosz h bdﬂlloﬁohbltvbﬁﬁ( wis! dtvepvbd mswmea}m§ ragxdo it kaigerobserved

VI n neter o

tha&ﬁ? "t‘%!d%rogﬂﬁ? é‘"és q Iwﬂﬁﬂ?ﬁg AR conposi ti on

[00%] qwr?%Ubsir@te USédllwsthafeDbﬁissﬂalélmm'@ﬂsb (isoldtedyand Dense

(dense) patterns ofs hc‘?’les shown in Fig. 1. Iso pattern is a pattern in which a distance

from the hole center to the center of the adjacent hole is 5 times the diameter of the

hole. In addition, Dense pattern is a pattern in which a distance from the hole center

to the center of the adjacent hole is 1 time the diameter of the hole. The depth of

holes is 1.0 um, and the diameter of holes is 0.18 pm.
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[0072] The solutions of the gap fill material form ng
conpositions obtained in Exanples 1 and 2 and
Conparative Exanple 1 were coated on silicon wafers by
nmeans of a spinner. The coated silicon wafers were
baked at 2050C for 1 minute on a hot plate to form
gap fill materials for Iithography (filmthickness
0.22 gm. The gap fill materials were dipped in a

sol vent used for phd@bleekists, for exanple ethyl

| actate and propyl ene gl ycol nononethyl ether and as

‘a result 1t was, confirned that ég resultl gapflll
materi al s F\NETE"PHB%‘F%W@ in the t@BInQelﬁ?f@ st of
I nterm Xi png

t ap fill rraterl ng c ositi obtanedln

Bﬁ‘ﬁ% es #9006 5 aﬁQSCon‘aéa‘latlve?@anpl e&g&\/\/ere oat ed
ExaﬂfpléI2| i coagpaf ers4pp neages of @08 pi nnetQo The cpat ed

Sili rs we bak at 20 for i nute,on a
Exafgle 3 a;NgB 0 forit'?rrgﬂap ??pl Z& al s, the $ilm
Exan’fpleuness46t)ereof 300s n”eﬁeured {001 m 21100 cknels 0. 22

gap &kl rial coat a
I‘CI a%@ avai ?gbl enqgﬁotore t sol on 0
Corﬁmﬂf{act 486d by 2B0pl eg8ConpanyfOtrade9bane: APEX-E
by means of a spinner. The coated wafers were
; er
exposure of the photoresists to |light, post exposure
k r r t
100 A, By EenEe  RRTRErnFlnickiRSs o156 (RolHeti dhd DEhEE (dense)
pattgens inithe gapt fdl inatesial tor Iitmmgfaghxapﬁﬁxamplese‘amjﬁesjswer than that
t

of d“‘“ﬁ?#@ﬂ{fé EXAIOR, EXaiities Teo oto Repttilian Sfcellehlin iiaiy on

fine n@clncnle@%@m pngvh;dn ittis dﬁ&Cl{ﬂrtQpidﬁéIa qqms’mifﬁim dhickness.

[OOﬁJanﬁll %@{1@& 'tIYaﬁ&Fé??E'ﬂ‘ﬂ rﬁa@?ﬁoﬁ%@@%ﬁéﬁﬁbﬁEolutlon smoothly

ﬂowpootnzlq pluality oif olesrrvest at lhens;eapant havingdatger 5||o i aumbﬁg (hole
den @ﬁﬂ%‘f' drii Pé}%gxqgﬂ ﬁl:eg‘?cﬂe b[]bst?é%é”fﬂe?@bﬁpltd@lo@ng?‘egg?tant film thickness,

tive [ Wwer e coate on Si O?
anddhakeansesentiv difiesenes bdimdhiskaess of lsorariand Bepsa part becomes

small &cgﬂaﬁé}ﬁng?ﬁ@%&fonféssnEﬁner The coat ed silicon
er substrates_we 205

on a
[007R): Gydher, the gap Al grﬁteﬂﬁ ?‘@r Itaegiap v&f %ﬁaﬁr:ﬁn%*ft? Brghow
ﬂattémng'maﬁérty e spRictive of %oﬁS)artJ ghaDerze pa@teranath@@oﬁtmne
g errgls n%& 8$ H in the Vlr&l 15%%
Comn’%ﬁaﬁl& %@m d igmof gaod ¥ [iatieTHRO EoPe e.Patiem.
[oogoyr Tlhé b@ﬁeﬁfﬁh‘}véﬂ@iénﬁéé RHsbsitlorofes eariiing W{otﬂﬂ rﬁlatenal for
scanni n M Cy 0SCO ecti ona
ithagrR. 28 CRiSeed! Stsh s io atcontpibh iabIegepfo RipeHY B substrate
andgaﬂﬁlghlﬂ[ﬂ prepERY iitb the Irkiideof hale&X amJé@ﬁtldn lthe 5eaﬂting gap fill
a e
matSHaLT Hogsamy Has Faon!y Tat P Tooedy fAdRkaS affiayhion fil
property into the inside of holes but also a high etching rate.
[0081] As the present invention makes possible to fill unevenness of a substrate
having holes and flatten it, it makes possible to improve evenness of film thickness of
photoresist or the like formed thereon. Therefore, according to the present invention,
a good pattern shape of photoresist can be formed even in the process by use of
substrates having holes.
[0082] Further, the present invention can provide an excellent gap fill material for




according to the follow ng equation. The flattening
rate was 100% when holes on the substrate were
perfectly flattened. Flattening Rate = [11 - (dinple
depth a of gap fill material for |ithography at the
center of holes)/(hole depth b)] x 100 [0076] In
addition, no void (gap) was observed inside the holes,
and it was observed that the inside of the hol es was

lithographadthat has eheigh slsy ﬁtqhingrﬁaterqomparpdovﬁm] photeresists, cause no

inte

ﬁfg’\ﬁhﬁ H% eb@t@a% |H@u&¥s %E%ﬁrﬁnt@ﬁhé‘t&résﬁ&s upon heat-

Dense (dense) patterns of hol es shown

SO
drying, Fncyales. carg@ioym@i gxeallent mathed for farpingdgsigt pattern.

distance fromthe hole center to the center of the
adj acent hole is 5 tines the dianeter of the hole. In
addition, Dense pattern is a pattern in which a

di stance fromthe hole center to the center of the
adjacent hole is 1 tine the dianeter of the hole. The
depth of holes is 1.0 lam and the dianeter of holes
is 0.18 gm 22 Table 1 Film Thickness (nm Fl attening
Rate (% |soDenseBi asl soDenseBi as Exanpl e
14903001901001000 Exanpl e 2480400801001000 Exanpl e
35003301701001000 Exanpl e 44503001501001000 Exanpl e
54703501201001000 Conpar ati ve480200280100955 Exanple 1
[0077] Difference (Bias) in filmthickness on Iso

(i solated) and Dense (dense) patterns in the gap fil
material for lithography of Exanples 1 to 5 is smaller
than that of Conparative Exanple 1. Exanples 1 to 5
are particularly excellent in fluidity on fine Dense
hol e pattern on which it is difficult to obtain
constant filmthickness. [0078] It is assunmed that the
gap fill material form ng conposition solution
snoothly flows into a plurality of holes even at
Dense part having |arger hole nunber (hole density)
per unit area on the hole substrate, thereby providing
constant filmthickness, and that consequently
difference in filmthickness of Iso part and Dense
part becones snmall and flattening rate becones high.
[0079] Further, the gap fill materials for |ithography
of Exanples 1 to 5 show
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flattening property irrespective of Iso part and Dense
part, on the contrary Conparative Exanple 1 is not
good in flattening property at Dense pattern. [0080]
The present invention is a conposition for form ng gap

fill material for |ithography, an object of which is

to acconplish a high flattening property of substrate

and a high fill property into the inside of holes. In
CLAIMB tion, the resulting gap fill material for

lithography has not only flattening property of

substrate and a high fill operty into the inside of
- hé gap fliimatedal farrmwa@ﬁlﬁ@w Eha@ctgrizedin that theeomposition is

usearﬁmufaa\a?@bf @émmﬁaacma%wélew&niéthbd %ﬁ]ﬁgn@'seoéﬁng a

substrate  having hol es and

Phosﬂfgﬂst)pa a LeMiepndyetor subsieate hﬁwmg @ molq]wﬂh @epgciomtio shown in
heugﬂwmh@ﬁérsif 106r rhbﬁe |drigardriviemi td?ﬁh%@b toTth@rs%fn%snductor

acco n resent inventjo ern,
Subﬂﬁ%ﬁse%vg% ﬁglﬂbpsgapmv RIgReR: %‘irthe the G o ibie o cpmpEisss
polypyericsmpbsed obaily atreeturaMimitotlmtla (19082] Furt her,
the present invention can provide an excellent gap
fill magqriapfor 23 lithography that has a high dry
et chi ng atedﬂtnpared wi th photoresists, cause no
x| ng

i nter phot oresi sts, and induces no_
diff-og'-@—b-n toresi sts upon heat- drying, and
al so proyi d¢ an excel |l ent nethod for form ng
resi st ttefdn. 2 CLAIMS 1, ,Agap fill materi al
form ngfgonp charactb‘llzed in that the

conmposition ifs used in rran fact ure of sem conduct or
devi ce by a E t or esi st
on a sem con ucto Cgﬂ@ﬁ fhavm)ﬁb'rg t h aspect
rati o shown in height/diangter of 1 or nore, and
transferring an i mage to th@ldenm conductor substrate

by use of lithogra HL/) process, and that the
conmposition conprises a polyner conposed of only

whepéih m, (e ofthe &tarh or'br a{é'rh R, is
hyﬁ@@mﬁgﬁ%ﬁi roags?mgﬁ)aﬂw g::f qbgg;am éﬁrt%; lct)h: ?mmber of 0,
2'0? 3 %grﬂ?ﬁnﬁgcﬁarﬁﬁ%ﬂwé ﬁé%nﬁ%’H@lecﬁxléﬁu&Bﬁt BH'8H6S oPless in a

e nu
rate of 20% or less; a crosslinking agent; and a solvent.

2. Agap fill material forming composition characterized in that the composition is
used in manufacture of semiconductor device by a method comprising coating a
photoresist on a semiconductor substrate having a hole with aspect ratio shown in
height/diameter of 1 or more, and transferring an image to the semiconductor
substrate by use of lithography process, and that the composition comprises a
polymer composed of only structural unit of formula (1) and structural unit of formula

()
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1, 2 or 3, and containing conponents having a

nol ecul ar wei ght of 3000 or less in a rate of 20% or
| ess; a crosslinking agent; and a solvent. 2. A gap
fill material form ng conposition characterized in
that the conposition is wused in manufacture of

sem conduct or device by a nethod conprising coating a
phot oresi st on a sem conductor substrate having a hole
wi th aspect ra}do st in height/dianeter of 1 or
nore, and tran ferrwﬁgnan I mage to the sem conductor
substrate by{fuge of i1l ography process, and that the
conmpositio ' pol ymer conposed of only

it

structural u itl of t]or la (1) and structural unit of
formula (2) 25 _(_3_4_@) HC=O0 | OR3 (2) wherein
R, is as defin a ] is Cl-8g al kyl group,

benzyl group, d., &l kyl group substituted by at

| east one fluorine @t_om ghl orine atom or brom ne
atom or C $ al kyl grom% substituted by at | east one
C,. al koxy group, d contai ni ng conponents having a
nol ecul ar wei ght 000 or less in a rate of 20% or

| ess, and containing the structural unit of fornula
whetdin R hisaasr défimedodbdiel R, tiv CQ; lkyl groupo dehzyllgrogp,a@gnalkyl group

suo@tislt o7 8} 16} pngGbaHE ol ik atalf o Bestairelitofh, &5 C.o 2tk
grougt sulndtituteld bynat least dree Gy} atkbRYy greup, .andl. corttaingpecdmponents
navB' i ¢ 0P 57590 o 8 1S538 208 8L Tk Binpiing the
struckeirghunibtf f5600lat (4) 20808tio of OMBtodhpS5 1 a Lrosstinking agent; and a
sl e ARSI o g ol of B B e
molaheatigagf stiucturatwrit phformotar{4)ds donposi ti on according to

claim1 or 2, wherein the solvent is at |east one

sol vent selected fromthe group consisting of but

|

3. | dbeaap fill matgrial éeranigy gompasiinpacaprdiagte p!aimrbpyﬁewberein the
t omret hyl

polyigites TUHGTR' alerads MlociaORUIGRRS Se0U RS smUIOT! 1Y

mat erial form ng conposition according to claim1 or

4. 2Thl@'§‘z&,?ef"l miafrial $6PSiRG B PHRitRIEA cording t6 CR% 1 BKRN@herein the
agent a\‘/lr_]ng atlé I eastbtvvo crc‘assl [ nk-fo?m’ ng

solvent has a boiling point of 145°C to 220°C.

5.  The gap fill material forming composition according te claim 1 or 2, wherein the
solvent is at least one solvent selected from the group consisting of butyl lactate,
propylene glycol monobuty! ether, propylene glycol monomethyl ether, propylene
glycol monomethyl ether acetate and cyclohexanone.

8.  The gap fill material forming composition according to claim 1 or 2, wherein the
crosslinking agent is a crosslinking agent having at least two crosslink-forming
functional substituents.

7. The gap fill material forming composition according to any one of claims 1 to 6,
further containing an acid or an acid generator.




functional substituents. 7. The gap fill material
form ng conposition according to any one of clains 1
to 6, further containing an acid or an acid
generator. 26 8. A nethod for forming a gap fil
material for use in |ithography process of
manuf acture of sem conductor device, conprising
coating the gap fill material form ng conposition

8. adkbrethed fardouningengapfill material for use n ithography process of

malﬁgtﬁ}:gﬁgﬁ)g&%ﬁ\ﬁc&#&%fcﬁ%?fcaehhg?g{ﬁ%sﬁ\g%a%n#gbg g%?ﬁﬂl%ﬁtenal forming
conppositipn Acrm;rﬁimdomy qns of flainm b te o a sepuganstustargyubstrate

havitifa IholdTRitH fRpEES ﬁtn@fsho%%qw'w&hef@\dfqeor more and baking it.
conpri sing coating the gap f terial form ng

conmposition according to any one of claims 1 to 7 on

9. a SAEREN fbf%ﬁﬁlng%ﬁitél@:b%t Béﬁéﬁﬂfa@ uBe it mdriutactarPert
ratl&lshown A n héight/di aneter of r nor baki n

semigOREHGHOLAGEE.[GAMPHHAG FP%‘F"Q thegan ﬂIE t%rrr@@ssq%mposiﬂon
accbrdiRg t®any bae BARIims!1 t%ﬁit 6h laaéemleisﬁ@@tbtﬁgs@l’Mrate havmg a hole with
Uct or cqver ed
aspagt EeAno I RO St 3 etS. bakindght Yommcs ga fil material,
forr?li_ﬁgeit pmitgﬁas%tﬂa}i&lﬁ]mﬂﬁsgai fill Byateriesf éﬂfosﬁr’ﬂg?tm(mﬁm:tbﬁduaor
R . 0 orm I esli a, ern
subshrifh coveted Wi, 416 03 it Matardl BhdThe PRoRIESCay BRI, and

develwping theaphaetotesistddyercifiev the erposigeltelighe or after t he

step of formng the gap fill material on the
sem conductor substrate. 27
10. The method for forming photoresist pattern according to claim 9, further

comprising a step of forming an anti-reflective coating before or after the step of
forming the gap fill material on the semiconductor substrate.
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