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LI THOGRAPHY TECHNI CAL FI ELD [ 0001] The present inventi onr“u\ﬁ‘mm‘mmmm“‘a novel

conposition for formng a gapfilling material for lithog
Particularly, the present invention relates to a conpositionsfspageformng a
gap-filling material for |ithography that allows the formati on of a gap

<illing material for |ithography having an excellent plana ' erty
on a substrate having irregularities such as hol es and tremﬂmrmmmmmgrge
dry etching rate as conpared wit WESGRIBTIQNTesi st while provigipng, an

excellent resist pattern without causing an intermxing with a resi st
| ayer, and that it can be specifically used in _a danascene process for the

i nt r oduceOMPABIHON FORy FRRMINGI GAR-FILbPRSMATERIAE FORAATBOGRARKY i ng
del ay of a sem conductor device in recent years. BACKGROUND ART [0002] The

fine processing with |ithography using a photoresist has been conducted for
t he prE@HNJ.QXLﬂEhEm conduct or - device. Said fine processing conprises
formn RN ; [ gy N oTals f

| adh a PG, The retar? iEpiiRhaRIeits iAoV RpRlord Tl toifihd 8o,y cn
t he pafillisgn matedak dof dithegrepby. d&Rartieulady roresenin inventinopelatesarie a
execut | i ' ; saf st ' St
pat t o GORPOSRIGR OF Kb AP RAMind, materiaf 15 INbGanhl that SIS Bl Rt or
devi ce ohagaretlling matetakier iithogeaphit hgwag an exeellent planarizaliempropstty on a

For t ot _ . : . .
Zbg\r/e?nggtgtlr%%?cj pr%ies@ '?rr'%gnﬁ %Lh}?‘aég?{gg% %’W%SE%‘?: exclldrgg? td:i’;gggcrhl?%érl%tenm :
Al ong ®©8iermparedswithithat ohalrgsist while previding:gn| excellent ersistopatigrntwithewt i ve

|1 ght i i i % v %f&‘?ﬁ?a ' i
concer %gﬁsﬁgd%ﬁr@tb ﬁﬁ%‘@? M@oéi'&%ﬁg I_és);cﬁei’ut5 ﬁgﬁgéftagecsét]gﬁgc ncer ns"?edétégrge{mgd of
pr ovi didanascepet pecass ifor 51@ introductionaefi agvifingruptesial fed {copeenrisast ki st
~and th | ' ' 003] As the

above- ﬁ%%@%?g&@gp?g%%ﬁﬁ ?’réﬁﬁm‘%%%’ %ﬁﬁﬁg@gﬁgﬁ%@gani c bottom
anti-reflective coating conprised of titanium titanium dioxide, titanium

nitri dm@em#mm%, silicon oxide nitride, or the like, and an organic
bottomanti-rerlLective coating coryﬁkr)i'_sed of a light-absorbing nmaterial and
“a pol yrel0@2Ipodhe fine RFsgssinghwitholithagrapkyi Yeiag r acPheloresst f@s keepacuum
deposi kbﬁﬂu?l‘étﬁ'héﬂfefﬁe _ﬁeﬂ@ti@ﬁxgﬁgfﬂgéoﬂducéoﬁ deRrtel er | 9&idd Mk CBrdc@Esing

formation of coat i ng., M r hand, the |l atter has alg advanfl age in
that i coppsisesoformingiia shianfjin wfca Jphatatasist: cerapamition e ar sijgan warer,
| nvest inddiafiig _al%ﬁva@?@'gy@m% 8¢ gt @gykmugﬁ aSihalk oVepWhidiHeopattdrc! ude

an acrylic resSin ty tomanti - e ve coating where a hydraoxyl group
provi d& 9a§e'E'Q9nGé'§{aerQV|‘f@ hﬁﬁ&eieﬂn‘iﬂa“@p (dﬁyemgaapgg?ﬁgcé’gggrtgénge%ﬁ%ﬁgp are
cont ai RR@tmBnt BEsifieoR wakbiesithes dbtained rrééﬁ@ﬂ?aﬂemké’s ansetdctivetiimn As tHeS.
Patent No. 591959 anti-reflecti oat i ng

9, | a t bot t
wher e iNtRgEAtion, Hegies ol BrSAMIGeRIHSIOR devisesas Baes INGFRASEshE TSRaRt Yeaidt

|1 ght - ghsrer B & Yesdetoy @%mﬂiﬁ? Rigé vi/éVe‘Iégggtﬁ asfethemative! [ghsadased ibetei n
n

the specification of "U. S. Pate . .569 ..and so .on. [0Q04].Th
desir g@b@vswgmweqom&@sﬁ from ey R ?(érl: exgimeS 'ﬁ%@d&ﬁgr"’](‘he '%P&Qni c

bot t omygat hrocebs St ViffluepRE! 0ahiFleddifir feflecBbn alfsiebasipre Wight rapseica t o
i ght and Tradi ation ra¥; Insolubi]ity to a resi st sol vent 1&absenc f

i nt er mskandingiwavenfrogs the sphgtsate: have deceing BIRIY CAREMSno @c%l"éetﬁﬂaomc
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applied on dried w eat i ng; rge.gr I ng rate .as conpar W a
oF 't he coating (BARG) hetwaen ibE phdpaist dndahe bele e, BRFB cteRs el

SPI E) Westié@?é@. 800-809, Proc. SPIE, Vol. 3678, 174-185 (1999), and Proc.

PIE, Vol. 21 225-2 1994).. . . . .
SPLE O[()00.'.%]95’/% tr?e agov(e-l%genlioned bottom anti-reflective coating, an inorganic

bottom anti-reflective coating comprised of titanium, titanium dioxide, titanium nitride,
chromium oxide, silicon oxide nitride, or the like, and an organic bottom anti-reflective
coating comprised of a light-absorbing material and a polymer compound are known.
The former requires facilities such as vacuum deposition equipment, a CVD device, or




- irregul

[ 0005] However, in the case of an LSI pattern rule having the degree of
fineness for less than 0.13 ,u m the delay in wiring affects speeding-up
of LSI and thus advanci ng hi gh-performance of LSI with the present
technol ogy for the production has becone difficult) so that progress can be
hardly made in the speed-up of LSl by means of the present LSI-processing
t echnol ogy. Therefore Cuis one of the wiring materials used for

the d in wiring. [0006] A dual darmascene process is

{n e(r:”hrrnolzaoﬁgﬂ%‘nﬂ GM 9 farfermaticn Ohhﬂ eRating. A0nr the ether handethedatter M@mamg
mat er i dvahidyeCi fHt RXaBes en%taﬁ'etglﬂ?érérﬁﬁ é&rélhf‘ac‘ﬂﬂ%‘é' Bhg2the \?Hrréirﬁ .

6057239 B. In this process, m_ant i r | ective coating i S use
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gap-fil ?afeﬁb iffysion rof small m@eawﬁym&wermnaer@@m fr@nathgalpotmrnr antiy
mat er i aéfledtive-coaling mbernarrwwéawd &h wea%mr 'hebtrngher@uybgwﬁnf uch a
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of th trate. Simultaneously, It has a h| etching rate

becaus§%kty8ﬁt2a9§r 3§5T?ébgi6‘|9§6bnd havi ng an absorbance. Ther ef ore, a high
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2




pol ymer preferably has a p-vinyl phenol structure. (0012 The present

I nvention relates to: according to a first aspect of the invention, a
conmposition for formng a gap filling material to be used in production of
a sem conductor device by a nethod of applying a resist for coating onto a
substrate havi ng hol es where an aspect ratio defined as height/dianmeter is
1 or nore and transferring an image on the substrate using a |ithographic
process, which is applied to the substrate prior to the coating with the
resi st hodtons anti-reflectivei coatingemateriahfor thé duabdamascena pjoasgisar act eri zed by

accor of ndoRRIL QYRR ' SRERAERE I 18 O0sF el st VB of i g

a gap- findiganic oatarganic bettemdantireflective daating hayingta dfigh rabsonbamee avith

eos. WRSRECYS et (PightEr REIKIGH raf Sh R gdaTuidl filora BP ittadtapfly %6r ©'

E g hgggeob'talr.\#tg iialanap.mtmn.Sc?mgap{ﬁMana(%a&iowmhggcnaphy desdribed iheceisi igp of 1
wei ght SRR tigtel i, T o 1 B, oL pRAHPRE PRl o TfE Adyahial f sfi'd™,

1; g Iro (ranc tngprac-gsq;m_f td piavgieratmﬂh atés?luﬁaixn dn lﬁ}tﬁ stept bialitrbgmprwsamtlto émcrease s#cond
aspeot dbihBSsbBUAH Hin, "85S SEhsfAk e hBckieb e BNPG! THeUbhBHine

22 Qﬁfé imatetriad.aforrwmg. raphy ]E)_tamarlzesrﬂms wte‘gmlalittestdf_dheisugsmatgaﬁgmultamws’mti’eri al
char act i 9 Jidt gtdting PRsBechol i ettt oot R iaing ar dFsd BERgs! o
fglmﬁg P;‘It'liezr)afdn?,va h@l‘eetbbmgirsequimtylwﬂﬁ zgﬁraatsttcilmrbeaatgaige_el in thenstepiafietching. o
aspect __016 @193 [ E\Bgnfélq)l}{h@at ﬁggé%qn%%gsﬁc%ig‘;\w%r%%ghiéﬁ ét"p? t%?fﬂé%bgﬁ@éfl |
accor diingude aminsolubility taspcesistosolvert (noveocurencecohiniemaixingewithra resist t he

boil . oy e . )
tr ansi (i b dowiPGiettlat lbstdncs SrfibedMralftlis BuORY ahdfdhddifetediing | .
i nvent iroateriahinte atpp<icat tasistat thetimeef coating-oriat thentimewnf deatryingo bighg t o

"nt natdy rRehld) rABPES oorhdrdf iith MafXtCHle, Risidty o MY, 6 pifg 4 200
to a scubstateibpuog alargeaspestratioofheighiiamatessireagwarite), aner$e 99. a The
ggge‘;'t '&O‘%Jéﬁ@éuj{ bfa §45Riifl"hatdidl ¥Br Hthddaphy that SaRARS AIP dffifie AbdvR
requirements has been desired. .
[0010] That is, an object of the present invention is to provide 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 material 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 material 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



i nvention) characterized in that the solvent (s) is butyl |actate,

propyl ene gl ycol nonobutyl ether, propylene glycol nononethyl et her acetate,
cycl ohexanone, diethyl ene glycol nononethyl ether, or any m xture thereof;
according to an eighth aspect of the invention, the conposition for formng
a gap-filling material according to one of the first aspect to the seventh
aspect of the invention, characterized in that a wei ght-average nol ecul ar
wei ght of the polynmer is from500 to 30000; according to a ninth aspect of
t he i niidrgdraphy and avisposity theredfds sétisfieidng thatymppécific irelgtionship ibetwaen@ di ng

char actyef et & sqogchadd i e HotinBr IREEH & sotiied itk 1t such, 4
repr esqmdwnebprafembﬂphasw pryinglphenbbstfugtureR~ | CH2-C . R2 Fornmula (1) i OH
aroup. a0 AT T B R TRy L 5 o me 4t omor  cyano o oub]
accor di ng t o ascording taspfirst aspecthef theievention, a tempositionifor fornding af gapd ng a
her act i uiRte i RLo8 U by raficlia P haRREREG ot b "§HhedRa of
repeat iapplying ta resist femceatirgy ohtee aFsubsitade (Havjng boles wheos \areaspecipraticed of
an ch (e Relgri/RRRER €3, 0¥ ot an Fihdefrba af itoBs! R B2, sfgstifte
aci d eatsing aitteagraphicegprecess, svhicim is appliedftp the subdirate priordo tbé evating wihpect
o cor i hEYEH fes LB EFAERAIG KiRedbr TR ST AERTRp e 4 e
pol ynerpdlymenselutionicompisedadf & pelymeo apdiasesivent; epeati ng unit represented
by the foll owagrdiRg 1'aPsénd 2spedt'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 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; '
according to a third aspect of the invention, the composition for formlng a
gap-filling material accordlng to the first aspect or the second aspect of the invention,
characterized in that the polymér 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



CH2-C ON Formula (2) according to a twelfth 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-vinyl phenol, which conprises a repeating unit represented by the
followng Formula (3): HFornula (3) \ i Brl.5 OH according to a thirteenth
aspect of the invention, the conposition for formng a gap-filling nmateri al
according to the tenth aspect of the invention, characterized in that the
pol ymerinventionc aghargcterized ip- tHabythehsolventi(s) 98 butylelactdtec ipropyienesglycel

et Lo GNP TR, VO h PRI, 2ol hie, S gleboibad, 5
H I diethylene glycol monomethylether, or any mixture thereof;
according to an eighth aspect of the invention, the composition for forming a
gap-filling material according to one of the first aspect to the seventh aspect of the
invention, characterized in that a weight-average molecular weight of the polymer is
from 500 to 30000;
according to a ninth aspect of the invention, the composition for forming a
gap-filling 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):

CHZ—C :
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 group];

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):




CHz-C / Formula (4) and in which 20% or nore of the repeating unit
represented by the Fornmula (2) is contained based on the total nunber of
the repeating units in the polyner; according to a fourteenth 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-vinyl phenol and nethyl nethacrylate) which conprises a
repeating unit represented by the following Forrmula (2): HI1 CH2-C CH
Formula (2) and a repeating unit represented by the followng Fornmula (5):

i Hs CH2- i C=O Formula (5) OCH3 and in which 20% or nore of the repeating
unit repregented by the\Formula (2) is contained based on the total nunber
of the repeatingHinits iR the polyner; according to a fifteenth aspect of

i ition for formng a gap-filling material according
'nvention) characterized in that the polyner is
and 2- hydroxyet hyl methacryl ate, which

repr peaAuRA2py the follow ng Formula (2): CH

according to a twelfth 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 bromide of poly p-vinylphenol, which comprises a repeating unit
represented by the following Formula (3):

) \
CH,—C _

| Formula (3) ;

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):



Formula (2) and a repeating unit represented by the follow ng Fornmula (6):
S i H3 CH2- i C=O Formula (6) O CH2-CH2-CH and in which 20% or nore of
the repeating unit represented by the Fornula (2) is contai ned based on the
total nunber of the repeating units in the polyner; according to a
si xteenth 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-vinyl phenol and butyl
acryl ate, ich conpris®s a repeating unit represented by the foll ow ng
Formula (2): Forkula (2)\and a repeating unit represented by the foll ow ng
Forrrula(?):C'_ll—| C@Z- | CGO® O CHZ-CH2-CH2-CH3 Formula (7) 9 ‘

2— .

Formula (2)

OH

and a repeating unit represented by the following Formula (4):

CHZ—C

Formula (4)

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

according to a fourteenth 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 methyl methacrylate, which
comprises a repeating unit represented by the following Formula (2):



and in which 20% or nore of the repeating unit represented by the formula
(2) is contained based on the total nunber of the repeating units in the
polynmer; according to a 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-I|inking agent having at Ieast two cross-|Iinking
form ng functional groups; according to an ei ghteenth aspect of the

i nvention,/a nmethod of \sing a conposition for formng a gap-filling
material Accordipg to ong of the first aspect to the seventeenth aspect of
the inventian, characterlzed in that the gap-filler formng conposition is
applie s d is then baked in a l|ithographic process in
producti ¢n of a_d nlcondu tor device; according to a nineteenth aspect of

[ [ manufgeulai(ep a sem conductor device formng an
by transferring an inmage on a substrate,

. a step (A in which the conposition for
form ng a\gap-fililing erial containing a polyner solution conprised of a
pol ymer and a sofkknt i4 applied to a substrate having holes with an aspect
ratio of 1 or nore, which is defined as height/dianmeter) and is then dried

to forma, planarjzed filling |ayer str a step (B) in which a
resi st aﬂdsgéﬁﬁﬁqm%g"WP ,te%rt 2‘?'@%}”'(‘@ qu“\?ﬁuf@h an exposure, a

devel opment, and an etching are performed; according to a twentieth aspect
of the invention) the t hod of nanufacturing a sem conduct or device
according to the Fpete nth aspect of the invention, characterized in that
t he corrpos'tlonf formng a gap-filling material used in the step (A) is
a conpo I one of the first aspect to the seventeenth '
aspect of [t he |%v ntlon and according to a twenty first aspect of the

i nvention| the ne nanufaEbunNadSh seni conduct or device according to
t he ni netdenth as t he invention) characterized by further conprising

a step (A V\/nere Btt mantireflective coating is formed before or after
the formatAon of g layer using the conposition for formng a
gap-filling naterlal infthe step (A). BRI EF DESCRI PTI ON OF THE DRAW NGS

[0013 Fig. 1 is a cross-sectional view of a state in which a gap-filling
material is applied to a substrate having hol es, where reference synbol a
denotes a depth ( ,unm to

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

according to a fifteenth éspect 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 2-hydroxyethyl methacrylate, which
comprises a repeating unit represented by the following Formula (2):

\
CH,—C

Formula (2)

and a repeating unit represented by the following Formula (6):



of a recessed portion of the gap filling material for |ithography in the
center of the hole, and reference synbol b denotes an initial depth ( ~c nm
of a hole of the substrate used) Fig. 2 is a graph that represents a

rel ati onship between a concentration (% by weight) and viscosity (nPas) of
a polynmer solution used in Exanpl es and Conparative Exanples, where
concentration values are plotted on the lateral axis and viscosity val ues
nmeasured at 25C are plotted in conmon |logarithmon the vertical axis. In
the figure,/01 is a straight Jine that denotes a coefficient H of Exanple 1
and Exanpl ¢ 2, OCHg a straigh) line that denotes the coefficient H of
Exanpl e 3)/ 3Q isla straight liype that denotes the coefficient H of Exanple
5 is Cid g+ —H es the coefficient H of Exanple 6, 05 is a
straight tine that denotes thejcoefficient H of Conparative Exanple 2, and
is a strajght liges@ghat denoteg the Ruhfulz(@nt H of Conparative .Exanple

. FOR| CARRYI NG QUT F'HE | NVENTI ON [0014] A dual damascene net hod
is a method of fO~CGHg-GHY+OH)g groove (a trench) and a connecting hole (a
hol e) on the same place on a gubstrate and filling themwith Cu to nake use
t hereof . The dual damascene thod is capabl e of overcom ng probl ens
concerning mniaturization of a chip size and a wiring delay thereof.

[ 0015] A ground material such as a bottomanti-reflective coating nmateri al
~ is applied between a substrate and a resist to avoid nmaking a

squar e-axidaipewhiohs26% prmarenofuthebtepeatingeuril represémtedt by thé Fammiutee (2)piser

oot or gentainedpaRd orth@toter Bty o e opealopuife i g BOMIRITC, g an

i mage onto t lagcordisg taasixteenth aspect bbtiresipientiqu, dhe semposibs) fokformirg a t he

substrate be uysed in the qdual danascen I h i . pect
a0 dapriiie DetRER aetei adp Bhe (R 2EPOR MRS FifaniRR, Charabiallapd finds "1
to 20. ftﬁféqm_lymbe is;apwpblyméep’flan-viaylpheael ahe erbyI;/]mry!awaNhlmht camprises ah :
antireflective coatin terl v, .flow ng property, so that
the gr 688%3%1 89?5@@%&%&“@\ﬁflgm{‘gn&}g?@“gg%)'of the hole. As a result) a
recessed portion of the ground material is generated in the center portion
of the holg after that {he ground material is applied using an spinner and
is then dr/ied. Eyen thoigh the resist had applied to it, therefore, there
was a casg that gﬁ approfriate pattern could not be obtained due to a

y the irregularity of the bottomsurtace of a
that a decrease in the fluidity of the ground
mat eri al an increase, jn the viscosity of the ground

mat eri al i ncr gﬁ@‘j%d)he solid content concentrati.on of

t he base the /solvent in the ground naterial is evaporated by a
rotation S at the tine of the application of the ground

mat eri al t he gybstrafe using the spinner through dropping. The solid
content concentration of the ground material before the application is
normal | y about 10% by weight. On the other hand, when the ground materi al
is allowed to flow into the hole on the spinner, the increnent of its solid

cont ent be about .20 to 50% [ . Of 0% by wei ght dependi ng
on the ac!ﬁna%f?‘??ﬁ 0g yny B%Hﬁé?e'%&#%m@dﬁjﬂ@'ﬁﬁ&w \(/7|7)Scosi ty before the
application, the ability of flowng into the hole decreases due to a
proportional, i ncrease in the viscogity caused by an increase in the solid
content contentragqion. Therefore, desired ground material is of a snal
change in fts viqcosity even though\the solid content concentration thereof
i ncreas @ﬂ%&{F rrently formng holes and trenches
by etchin thérg is a need for the §round material of the above-nentioned
process tq have kﬁ;@p dry etching raje as Fppfdd €1) With that of the resist.
The groun naterqal such as a bottonjanti-reflective coating material has a
| ow dry etching r ] C9§P33 - se it is provided with an
anti-refledtive #%ﬁg?kgh hd ?% %g@ a |ight-absorbing portion (chronophore)
with a | argg absorption coefficient allow ng the ground material 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 pl anarization of a substrate having holes is perfornmed at first
by the application of a ground material using a spinner (the first step of
pl anarization). In this regard, the present inventors find that a favorable
flow characteristic of the ground matepial to be required for planarizing
at the time of the above application can be attained when a viscosity
nmeasured at a solid content concentration of 25% by weight is 1 to 80 nPas
and a coefficient H defined as [logarithm c change in viscosity (nPas)]

ror. e I N 1 o T - 7 N7 - 1.2 N T o o

resi st.




to variations in solid content concentration, a polyner solution capabl e of
keepi ng the above coefficient Hat 0.06 or less is used. The approach of
coefficient Hto zero neans that the viscosity (logarithm varies within a
narrow range with respect to variations in solid content concentration.
Therefore) the coefficient Hmay 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

cont entandoimcwhicha20%n oofmareoat tHeadpeatingghinit repi2sentad twi thbt foormiutay (2)nis
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havi ng sevbnielelnﬂg gspect dfi tieeinvemdion; ehagacterzed dnsihat dhet gapdillat foeminig t he
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220C. odgctuncdf sasemliconductar)ddviog;ng a hi gh boiling point makes the

merense | n ool BiFRbeRET apiia ot 1 BhEBace Ak gh Y Ao IBBh AR, .

vi scosia semirondactoneelicei fdrmingi amintégrated girdujtrelemenk by itransfdreng @hdmagley ner

har ¢ 0 88 a B PRt St HPRERGL Dol cct 1y 111 Tea and the appl i ed

ground rraterlaalstemn(ﬁk)euenuhlchl thef | conapasition Tioer fefrming @ vgap-fillingheraterial a

ot o, - chotbinar poBrEEF sbbl et b altafbr s A pRER s pobIP 2%,

pl anar isubstrate Hrmmmﬂuodes avithf @anmadpect tato ofibttoramare] 0dHch Hevdefined as

s bocdifdlafBistoahy FPURH Mosklo B1 £ BaliShzed Rlinkladbrh HEERART, | [1°

mat eri al at tshstepi(Be irowhichoa mmstusgpghedzaadl@nqdeaﬂdr med at 220C or |ess
ft th i.n- ti h t t t
o ier Uhe SPLDigg o THRER' heopichure, B GbGLBBrk S B SRR k) 1 °

145C t pperfoo@edp sol vent in such a pol ymer sol ut ion is mainly conpri sed of
th I t I t
e o, 5T bt R g PRS0 % invBRlSh ulhihotl oA RaB Ao
may be a:csmcneduetor adeéce caceaydingf toothenyningtegnth aspest cof ﬁlnef iBvantion,30%
by I f th
y e %}ﬁ% %”tﬁﬂ%‘ﬁ Iqu {ﬁre]ﬁ hﬁe Eﬁh@bsnlﬁ%‘f&nfo?m nq: 9%@ ﬂfﬁ@ m%f%rYal%Ea'lﬁFHé“ epl the

sol ven nera mever)
t he sol(Adig a(op)npmamcprgacmrdinggto @m Iof the fist aspeet tostbe seven qﬁmgﬁpe@teofof 20
to 80%,(% ||8I1 aR&eferabl y 30 to 80% by weight in the whole solvent. If
such a rcentage’1's less than 20% by weight, the fluidity of the polyner
decr eases as acserdingvémt ai dwentyi fissly aspeot i obthet inventionnether mathasy, of

wor seni ?nﬁ@ﬁg?‘nﬁnarééﬁ do;i)\puefo‘?p@%\ﬁé’e aQB?H?ﬁg %hﬁw’e Hﬁ'&i’eedtﬁ éégé%’f‘iﬁelﬂ% 80%

by weig ace” prope I'ied gap
filler mvmm, dh‘ai'acweﬂl by durther domprising @é@pf(A)I wheresa ebqtgnm odnti-he

pr esent I rZi r rate
by coar SRR bOMET B, REmil RelchE of 13 tng, Rimallon H'd AiBadpyerasROELY:
of confaompasition for-forhingua gap-\flﬂlnghnatmimbu‘um step 68). escaped fromthe
substrate. [0025J In addition to the above pol yner solution, the

conposition for form ng a gap f||||n material of the present invention my
furt herBRIKF ': R RAYY Baving at |east two cross-1linking

form ng ive
accor di nIbII‘I;‘«’lnee 1%%%?@83%%@@ By SI‘%‘%I‘IWG“ aﬂbﬂafﬁﬁﬁﬁiﬁa@”ﬁ’ N

cr oss- |applieddo apsutistrate baving holes,oskerei rnferagceavmbga ade@o 2s]a d@pﬂd%

wei ght, preferably 0.1 to 20% by wei ght. Furthernore, the content of the
polymer is 30 to 99% by weight, preferably 50 to 90% by weight wth respect
to the total solid content. [0p26] ThelOnol ecul ar wei ght of the polyner in
the polyner solution to be contained in the conposition for formng a
gap-filling material of the present invention nmay be of a weight-average
nDIecuIar melght of 1000 to 100000 preferably 1000 to 60000 further
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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,
t hernmosetting phenol resins and so on. [0028] Hereinafter, the exanples of
acrylic acids, hydroxyal kyl acryl ates, hydroxyal kyl nethacryl at es,
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 af alrecessdéd partionrofdhe gap filling materidl éor lithographyin thd centey bthe, hole,
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ester, o-nitrophenol, mni t rophenol ) p-nitrophenol, o-chlorophenol,

m chl Orggphe ' «aJaly them o-cresol, mcresol,

p-cres 23 : 5 -"‘ 2, 3, 5- trlmsthyl phenol ,
r esor ci nmou]d /R dmalrddmaseene:lmmﬂwodrls arraémodbbfaforhﬁlﬁgﬁa wiring hgnoowee(a t he

exanmp! St Al & ot BSEEd BEk 1 biedith iy KR uaC 20, & K0BRate ia it ' '

acet al dréydejithpCaptd nwmkicgdethepdafny Thel dealydanaacemd angthodojsy capalblehgtie)
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p- chl orthérenfal dehyde, o-nitrobenzal dehyde) m nitrobenzal dehyde)

e o B oB Gur FRURA SRS R B S5 MASAIE LAY ot i

p- et hyldpplied| bietiveda) a substnate andt g reaisuémm/@)d fmaking & squareaghaped desistie,
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I S speci
reflection from the bottom surface of a photoresist, at the time of coating the

photoresist and transferring an image onto the substrate using a lithographic process.

[0016] However, the substrate to be used in the dual damascene process has
holes with an aspect ratio defined as height/diameter of 1 or more, normally in the
range of 1 to 20. Thus, the ground material such as the conventional bottom anti-
reflective coating material may have a poor flowing property, so that the ground
material cannot flow into every part of the hole. As a result, a recessed portion of the
ground material is generated in the center portion of the hole after that the ground
material 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 bottom surface of
a resist.

[0017] Itis found that a decrease in the fluidity of the ground material is caused by
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[ 0037) 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 yneri zabl e nonomers include, for exanple, a compound having one

addi ti on-pol yneri zati on unsaturated bond sel ected fromacrylic esters)
acryl am des, nethacrylic esters, nethacrylam des, allyl conpounds, vinyl
ethers, vinyl esters, styrenes and crotonic esters. [0038] Hereinafter, the
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po

be. UoednoBB ARy Gremranpre et 1§ Risromse e TnBAGBaatE" . cpoat i ng uni t
repr ets:ent[eolm]y trher;:ggmﬁl\tu;temohlof%a\h esulgg?ﬂ{]elegavmg dmlesalrs)perslmmedhat frrstebye']fhe red
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repre ts :atgmﬁglh{d ﬁtl;e &ﬂhweﬁﬂo& hfaddjhh?t adavmabgqmﬂvy :rbaramermtlcsnédhe_gmum .
copol yriBASalte ¥R EFRfIR forrBiahafizing &l B e o e, BRGNSl BbplIERER, baf 4T
may be attdrined)wenrmmscoaw Bteasgrem‘ attdnsohcbpe:auanhgommmrajnbntdfe%tbvyLw@gth )

(17 ok LSRR A CoSincialt ] G STePan g kAR RYSeadarFEi 2,

or a. da[changé m solith bentembcehoerﬁratmns@%byoimght)} isc0.06for l¢$)5 1 addition, it

woove, TETARS AU CorAeSh. el 5 B00Er ST A s o

above- ngorditioreid stitabledor thefarsiationofiaggap filling staterialfohlithegraghyytb bectised )
propy! )fotr)lﬁ@ﬁla’riz“\egx%le)su%?rra?exxg\%a%e haigy dr oxyethyl ~ or 3-hydroxypropyl.
[0020] Here, a value of the logarithmic change in the viscosity is represented as a
common logarithmic value.  Also, 25% by weight in solid content concentration is a
concentration when the flow into the hole is expected. The range from 1 to 80 mPas
is a necessary viscosity range for ensuring a good ability of flowing into the hole with
an aspect ratio of 1 or more. For preventing the viscosity from largely changing due
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(0053] More specifically, the polyner to be used in the conposition for
formng a gap-filling material of the present invention nay be preferably a
honopol ynmer conprised of a repeating unit represented by the Fornula (2) or
(3), or a copolyner conprised of a repeating unit represented by the '
formula (2) and a repeating unit represented by the Fornmulas (4) to (7).

{ 0054] The repeating unit represented by the Formula (2) is p-vinylphenol,
and a honopol yner obtai nable by the pol ynerization of such a repeating unit
can be tpivaridtdn®in solitboortent oomtemmtlbada platymiemdlat’mecapablemf Keepiny thened
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represe rmula (3) is one in which a hydrogen atom at an ortho
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preferably 1000 to 60000, further preferably 1000 to 30000. In addition,
such a polymer can be also commercially available. [0058] In the copolyner
conprised of the repeating unit represented by the Fornmula (2) and the
repeating unit represented by the Fornmula (6), a p-vinyl phenol unit
represented by the Fornmula (2) is a main conponent thereof containing 20%
or nore, preferably 20%to 80% of the repeat| ng unlt based on the tot al



p-vi nyl phenol , copol yner of p-vinyl phenol and styrene, copol yner of

p- vi nyl phenol and net hyl nethacryl ate, copol yner of p-vinyl phenol and

2- hydroxyet hyl nethacryl ate, and copol yner of p-vinyl phenol and butyl
acrylate are preferable. Each of these polyners has a glass transition
tenperature of 100 to 170C. [0061 The conposition for formng a gap-filling
material for lithography of the present invention is allowed to contain a
cross-1linking agent having at |east two cross-linking form ng functional
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an aci conpound that generates an acid by |ight. Anong them
pr ef er ab[00243 npbhe dsnmguositinpfor ddbmeing augapHillinganateriah opthe grasent invention
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parts ”&#%Sopﬁgg%qpﬁ tﬁfggg‘bgggt‘)earts by wei ght, further preferably
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I ncl ud ro ern I'ycol et her) propyl ene nonobut t her
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gl ycol nononet hyl et her acetate and so on. Anong them butyl |actate)

propyl ene gl ycol nonobutyl ether) propylene glycol nononethyl et her acetate,
cycl ohexanone, diethyl ene glycol nonoréthyl ether, or any nmixture thereof is
preferable. [0066] In addition to the above-nenti oned conponents, the
conposition for formng a gap-filling material for |ithography of the
present |nvent|on may further contarn a rheology adjustrng agent) a
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as nethyl oleate, butyl oleate and tetrahydrofurfuryl oleate, or stearic
acid derivatives such as normal butyl stearate and glyceryl stearate. These
r'heol ogy adjusting agents may be normally conpounded in the proportions of

| ess than 30 parts by wei ght based on 100 parts by wei ght of the
conposition for formng a gapfilling material for |ithography. [0068] The
co- adhesive agent is added to inprove the adhesion between the substrate or
resist and the conposition for formng gap-filling material for |ithography
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parts b ht of éfmetotal conposition of the present invention. These
sur f act" ﬁ?rg' )ar%gr g€ sol el'y or nmay be added as any conbination of two
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whi ch oﬁmyumzaMehyUenp-debenquebm bg-chlosobenzaigehyde, on with an

acid, a chemcal anplification type resist conprised of an al kali-soluble
bi nder, a photo-acid generator and a | ownol ecul ar wei ght conpound whi ch can
I ncrease deconposition with an acid- ti&é i ncrease al kali ne di ssol ving speed
of resist) a chemcal anplification type resist conprised of a photo-acid
generator, a binder having a group which can increase the al kaline
dlssoIV|ng speed by the deconp05|t|on mnth an aC|d and a IOMFnDIecuIar
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[0073] The nethod for manufacturing a sem conductor device of the present

i nvention will be nore concretely described. At first, a conposition for
forming a gap-filling material for lithography is applied to a substrate to
be used in the production of a precision integrated circuit elenent (e.g.)
a transparent substrate such as silicon/silicon dioxide coating, silicon
nitride coating, glass substrate) I TO substrate and so on) by an
appropriate application nmethod such as one using a spinner or a coater,

f ol | owent-chiorbbémzaidemdie; p-chigrabenzbidehyde, gaitrébenzatdehydeeri al . Pref erabl y,
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{t . t
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is concaﬂd/QNC@W MRNECEetosAteyht | y decreasing the cross-1inking points. For
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poi nt s éé?’xlbhﬁnl%owﬁﬂb‘%héél‘}fbmth@ RRalegionade, OEth%opod)rYW@aﬁ lb@VIaﬂQo used.
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I n 300 oupPsawBishATeSHOSSTHRKING Eeartve EEJ;’UE%«N@H?ER&%EH U"htcé")%q ﬂg‘%ﬁ
p-vi nyl phenol nonomer with a solid content concentration of 10% by WEI ght
was di ssolved in a propylene glycol, 11 g of styrene nononer (Tokyo Kasei
Kogyo Co., Ltd.) was dissolved. Then, %%e solution was streaned with
nitrogen for 30 mnutes. 0.7 g of azobisisobutyronitrile (AlBN,

manuf actured by Junsei Chemi cal Co., Ltd.) as a polynerization initiator
was added while holding the reaction solution at 70C, and was then stirred



Svnthetic Exanple 2 [0082] In 100 g of a solution (manufactured by
LANCASTER Co.) Ltd.) in which p-vinyl phenol nonomer with a solid content
concentration of 10% by wei ght was di ssolved in a propylene glycol, 85 ¢
of nmethyl nethacrylate (Junsei Chemi cal Co., Ltd.) was dissolved. Then) the
solution was streaned with nitrogen for 30 mnutes. 0.7 g of

azobi si sobutyronitrile (A BN, manufactured by JUNSEI CHEM CAL Co., Ltd.)
was added while holding the reaction solution at 70C, and was then stirred

in aI ni t[m)jaf] aThesmilv’mner i\ the @ompasitioxs fardormitged  gap-filingr matgrial zaofi the i n
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Furt her nore btarn pol ymer was di ssolved in 3 g of propyl ene
gl ycol nf00A83t h?hetum@mebpmfew)ecanmma/\at kash buepeating tupit, represanted &y t y
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(manufqﬁ]t' @%ﬁer&#ﬁ%&m%@%ml- Co., Ltd.) was dissolved in 100 g of

propyl en her foI | owed by stream ngmt he sol uti on W th
ni t rogen[ﬂQﬁ&BO mmmferabim polymeri dgsetiked chaveomayibe i anhemopolymer. 2 ¢
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as a polyneri I | manuf act ur ed
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a polyrt’@e tion termnator. A sedinent obtained by re-precipitating the

reaction B%qucyhé %b%vb'rﬁéﬁtn&fefﬁéﬁiméﬁ@ﬁdi@ﬂ/% torexhivipié, 24 8@n2efe dinged t o

obtain p ol yner, e resulting pol ymer was subjected to a GPC
anal y5|b§nzﬁ§edlnge|3%{"ﬂg arsybstituemtor theelikgye ol ecul ar wei ght of the pol ymer

was 1900@&05‘? elraﬁhéﬁnéraetr% 866 %éeﬁiohéawa? léteoe%r ﬁf&ﬁbt&l%@stér%ch

pol ymer yacrylic acid. Furth obt ai ned
pol yacrdg inetayl, d QJQ¥| di Bl ed Wr!( 3 Beﬁf pﬁwgo ’%’H&etbgﬂlcoz “Mg ﬂWﬁ/l ‘Rlher

to prepap r%x?ﬁrdﬂy‘ % sol ution thereof. The vi SCOSI ty of the sol ution

nmeasur ed éan E-type ragtational visconet er 98 nPa 25%55&0089
The coef {9 %lntMnr@épeﬁl@aalas the sgh/mqrﬁmee th%cqmges@my‘oz NP |

[changeg il ﬁuaféﬁuleaf tﬁ@nﬁ@@bﬁﬁtm\fi&ht{o% hyaywezgréﬂermy 8. RGMopoleert he

rreasure condi tions a sol vent tenperat @@ﬂpa sol | d cont ent
concentqoampr&ecbe erspeet%myemsgﬁte y the SPRNH prea gopolymer

comprised of a repeating unit represented by the formula (2) and a repeating unit
represented by the Formulas  (4) to (7).

[0054] The repeating unit represented by the Formula (2) is  p-vinylphenol, and a
homopolymer obtainable by the polymerization of such a repeating unit can be yielded
by a conventional method. For instance, it can be obtained by streaming a solution
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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[ 0090] 30 g of hydroxypropyl nethacrylate (manufactured by Junsei Chem cal
Co., Ltd.) was dissolved in 120 g of propyl ene glycol nononethyl ether)
followed by stream ng the solution with nitrogen for 30 m nutes. Wile

hol di ng the reaction solution at 70C, 0.03 g of azobisisobutyronitrile

(AI BN, manufactured by Junsei Chem cal Co.) Ltd.) was added as a
polynerization initiator and was then stirred in a nitrogen atnosphere.
After stirring for 24 hours, 0.04 g of 4-nethoxyphenol (nmanufactured by
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was then dfssolved in a solvent” conprise 22 of "propyl ene gl ycol
monoretiniiatarhandastirringofog 4% hertspyn @@lt@g%bﬁtrﬂ@ﬁ%?ﬁiﬁh\yh'& ﬁ%ﬁ"“%&f‘ét@‘et 0
give afeldidh Yot 700N WiBheRit cAi DekoiRRtePddbbRBelBS réprebpitating i ough
a mcro-frlter made by pol yethylene wth a pore size of 0.05 ,umto

pr epar dén @neditgioef distiled watdror W%ﬁqV%igbfa%VQfﬁgﬁim@eﬁﬁPé weight of flais radyines isg

corrposifdcantdﬂa%)oétuﬁje ?g%fféﬁam%g 1336@% @to@bn,siférg?érgﬂié?@raw 90D02$€80060. In

mol ecul ar ‘wei ght 000 1n terns e, standard pol ystyrene.

[0096] asldittiany serhia/polymer senvIsrRIRA qomnoereialy allaBlessol ved in 3 g of -
0 sbosi 1 JOSHPAE pin TG ERCG] eBimpiibell 8P 40 Bpeatin ﬁ"iﬁ%ﬁ?@‘%’ﬂ&{i‘?‘emlm
7. 6 nPdwraulag?) and the repeating unit represented by the Formula (5), a p-vinylphenol
unit 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 methyl methacrylate in propylene glycol,
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{00973 The coefficient H defined as (logarithm c change in viscosity
(nPas)] (change in solid content concentration (% by weight)) was 0.029
under the neasurenent conditions of a solvent tenperature of 25C and a
solid content concentration of 8.3 to 25% by weight. [0098J 40 g of a
commerci al l y-avai |l abl e brom de of poly para-vinyl phenol (MARUKA LYNCUR MB)
manuf actured by Maruzen Petrochemi cal Co., Ltd.) conprising a repeating
unit represented by the Fornula (3) was mxed with 4.0 g of

hexa”EthIIBWé@tHWbﬁbaﬁ‘ﬁh@rfhéere%@ﬁoﬁ éb?utﬁl)rpfwﬁhahﬂrdgérﬂ%ﬁgw ﬁﬁmtésa%\'d‘éh
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li t hogrsabage Hweduﬂéwwaigmoﬁwpél hIéPns 1880 w%@@@@g;référabm@mlacmm and

t he V\BI ht aver e no ar wel was 6000 in tefns of

‘st andarf rtb%I ﬁ@%?ehla 1‘5@595} 32@9(8) of Iy %‘%ﬁB‘P%@PCBfapPQIYHiﬁrpﬁéﬁoPeat%PO

met hyl dmﬁ,hgm‘mlyaé@,@b]@l ned in gynt hetic Exarrpl e 2 was mxed with 4.0 g of
and 0. 08
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WDHOWEtFIBthﬁIIéI%Z) and tié repehting @ﬁﬁ'r@?ﬁe@r& sdb nmewwfméqehea paﬂaymnbo

o i bty e o Ml
FE) igg]r &nﬁreqc}j;?fa;ablyozgi/&to W/f]nedg%a matmg I um?g:aaé@mralthée ch[jtal lmilzntrn]llﬁjfraoﬁy
Fepr esdrpedting uif it B4 ciyReG, i algh CREbiartplaahie echdliet Zebbea by
?el?treg @lﬁzg‘)t(wedl b5rwyﬁlv@glcccr)tlnlnhéarﬁldallymllabmeﬂ h/ydI'dso(ylbdﬂyréng ﬂonomer and 2- .
was ¢ naei BB daethacivel o ToRyRpF: Sufdlo Polhied b e e FBgtidt
”F\rllce)”ztsfwﬂltﬁivrv?ﬂ}ﬂ'?gﬂﬂdélflng?li)f?:oog?mdtT@nEa@jmg oézdmfleomutsz;dmmle r(AYBNY) ade & 0
Dol yet IRAMGREFR U0 1 iP(Rer S0R 917019 10h 4 TS bt dThodSnaIasPuarg gunire " 2
fS O[:) ;nengnammpmfgl ﬂwblregcﬁm’t eoiuagnfaWOPCt hégreaptant can @-2oliented ba ﬂcﬁ«)demby
gIchoﬂ %Bfﬁf#e’ Sr/‘%et gﬁ?&%?@gﬁ%&ﬂgg%‘@ftﬁh}éﬁ%@ﬁﬁﬁb?@é&ﬂg ec%e VI|§COSI ty
of t2 gg cn‘dhlstpagg;neeaﬂs d0ed toyl 09008; pyeferabdy 4000160008 turthtesrprafesally. TG as
o e o SEG0 I REHER, B EuErchh BRI ALRIP SRS %) 1V
0. 053 unmsa]helmmmmwmecmpnsmsobftha @@eabm umhm@pr@sant@cbbyzme and
a sol| C#&RIIIIS r& and the repeating unit represented by the formula (7), a p-vinylphenol unit
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
initiator, and stirring for 48 hours in a nitrogen atmosphere 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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concentration of 8.3 to 25% by weight. (0101 20 g of a copol yner of

p-vinyl phenol and nethyl nmethacrylate obtained in Synthetic Exanple 2 was
amxed with 4.0 g of tetranmet hoxynethyl glycoluril and 0.08 g of

par a-tol uenesul fonic acid and was then dissolved in a solvent conprised of
38.5 g of propylene glycol nononethyle#her (boiling point: 121 C) and 38.5
g of propyl ene glycol nonobutyl ether (boiling point: 170.1C) to give an
8.5 wWt%solution thereof. The given solution was filtered through a
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for lithography. Conparative Exanple 3 [0108 40 g of pol yhydroxypropyl

net hacryl ate obtained in Synthetic Exanple 4 was m xed with 14.1 g of
tetramet hoxynet hyl glycoluril and 1.4 g of para 32 t ol uenesul fonic acid
and was then dissolved in a solvent conprised of 371 g of propyl ene glycol
nononet hyl et her and 159 g of propyl ene glycol nononethyl ether acetate to
give a 9.5 wWt%solution thereof. The given solution was filtered through a
mcro-filter nade by polyethylene with a pore size of 0.05 ;u mto prepare
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pol ye ene. W a. pare size o . 05 m I, i1
For i nghaacbe. icRnBideFng, B femBeesturs ot Hnie fr BRG S o2, e or
gﬁpolslépp)in?titbm{bf tis compoaitioafof farming lgaptféliﬁgama‘tmﬁalldfttheg)rew)t invertiored in
anpl es 0 n arative e '
reapoctpyhe stpPtaf dar BPORBJINE o iAEHE Sovenbudy HESErRBI by 4 1% Mnd's .
?_t ﬁOSCMwC tb 2207Gt. e Rurtfermore hitisr prefanable that thepapor presgunmottheasalvent
i t hogr; (2 Lp, il hCkness). The gap-filling materials for
|.thogﬂggﬁé'ﬁgﬁﬁfﬂﬁﬁB§§°FF5§éF3%ﬁ¢s to be used for resist) for exanple,
et hyl | ac{o%(lé] altepsalpgntens) dhat siatisfynthesehgorditiens tinclude propylenegt g@ney
vere | | e | ve [ Tk lycbPns
For 1 onhene T By Fiopy Rkt dhBol MERboRF S, Bty aciate, BRI BlykoP
monomethylether, cyclohexanone, propylene glycol monomethylether acetate and so
on. Among them, butyl 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 components, 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
compossition 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, diisobutyl
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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obtained in Exanples 1 to 11 and Conparative Exanples 1 to 5 were applied
to the respective silicon wafers by a spinner and were then heated on a hot
plate at 205C for 1 mnute to formtheir respective gap-filling naterials
for lithography (0.22 ,u min filmthickness). A commercially-available
resi st solution (APEX-E, -manufactured by Shipley Conpany) was applied to
the top layer of the gap-filling material for |ithography by the spinner
and was then heated on the hot plate at 90C for 1 minute. After exposing
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] . ol | owing e 1 .on. nari zin % i
obt a1 nalmelBAvIERcCRaang, fkdfiiilienk) Eniirasidna rend Siimdmtd ey,
Pl anar ichidigsii®ts ahd=sd bn;, skddy ZilaH¥s suchze tliemsthybmethoacsiams] giondthpin of

L 2Ry el sy nalbo 7S, B, SERAGoR R by <
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the holigidaficik®antils® 6k rsilangstsuehras singinteichiorodiianie, t hechdompanmyd tiimethdxye
ot g, o RbRact Vi BeSl ol e BBV Er e FER b 7 gt o
of the dml ehesodfklic compounds such as benzotriazole, benzoimidazole, indazole,
imidazole, 2-mercaptobenzoimidazole, 2-mercaptobenzothiazole, 2-
mercaptobenzoxazole, ufazole, 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
including sorbitan monolaurate, sorbitan monopaimitate, sorbitan monostearate,
sorbitan monooleate, sorbitan trioleate, sorbitan tristearate, and so on,
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0.25 ~c m [0117J Sinultaneously, furthernore, the filmthickness of each
portion of the substrate forned by the conposition for formng a
gap-filling material for |ithography was neasured (0118J The results were
listed in Table. 1. Table 1 Filmthickness (Unit:nm Planarizing factor
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manner )
alkaline dissolving 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 amplification 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-propyl amine and so on;
secondary amines such as diethyl amine, dinormalbutyl amine and so on; tertiary
amines such as triethyl amine, methyl diethyl amine and so on; alcohol amines such
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in Fig. 2. [0122 The results are listed in Table 2. Table 2 Viscosity of

t hePl anari zi ngCoef fi ci ent Hpol ynmer sol utionfactor~Unit:nmPa~s)(Unit:%1so
-DenseBi asExanpl e 10. 0411598 935Exanpl e 20. 0411596 915Exanpl e 30. 029898
944Exanpl e 50. 046~ 21_ 98 971Exanpl e 60. 05332 ~89 845Conparativep 069 ~9888
7215Exanpl e 2. Conparati vep 07922582 5131Exanple 3. [0123 The pl anari zi ng
factor of the filmobtained fromeach of the conpositions for formng a
gap-filling material for |ithography of Exanples 1 to 3, 5, and 6 was
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an eva uatlon was, conducted on the planarizing factor of

Test Egar‘rg e 3,
subst r &/80RG theph @nipceferakle| develgpapHs ct hyalauatermery fANRONEM o ARl iNpPen was

coat ed. ré.%?aﬁly'@éﬁ'él%bmyﬂ%ﬁﬂnﬂﬁﬁmﬂh?dﬂdxﬁénaﬁ@&ﬁéln@bStrate having hol es (0. 35
~m|nd er. a nin depth) andthefl t hi ckness !{agthe

gap-fill tertﬂsmrmntdamtm Fpsémigondugior equq eampenaguiegtured Byuni t
nm | sqolAsiRgcarPiMegrated 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 manufacturlng 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 to 3.0 x m 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 another method for manufacturing a semiconductor device, a
composition for forming a gap-filling material for lithography can be obtained by
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Exanpl e 797943Exanpl e 896915Exanpl e 997952Exanpl e 10917318Exanpl e 11906030
Conparative Exanple 4 87 -32 55 Conparative Exanple 5 89 45 44 (0125] The
planari zing factor of the film obtained fromthe conposition for formng a
'gap-filling material for |ithography of each of Exanples 7 to 11 was high
as conpared with that of the film obtained fromeach of Conparative ‘
Exanples 4 and 5 and in particular the planarizing ability thereof was
excellent in the Dense patterns that requires severe conditions. In each of
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conposidrnicbdryirig td readiececatsupeviensemicgriduciori device helf sequiredt tvdhategeg ool es
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a phot or (@0ET] apsubstrater haivings bblesr care bel faveaably piagarizacﬁ byt meang ofathe as
"ot o mopristion i GimRg R G RipG Haterbr Mebrebe fiiivedtin, “ M e Blivmer, . o

i nto t te betusestindhe compositiontfonforovinga gaipHiling thatenalof therpeasent invention,

Lith e y \ A b _
depenadicty BAfRadeed o aRctaRE ool ARvbE3fidHs AMRoMEN Wish s Ie3ftesant in,
excel | dhe palyimer-toabeecused dn rthagcempositionctan foemingoviadbattoms antigefiectivel. A
ok ! . 61 g, : g . ’
2o cgabiiay Hus, KAt 8 Gtk diy SBANEEIRE, TS, R EitalbrPaREetEhingl! O
subst r abdlityasi campartesswithdhat efitheghatoresistito béccoated ansthecupper layemandr i s
1 . ; ; . g b
o oces s (' ¢pse el He, 49 ndBd Wi that of e ool ainitenBotie KBAfAg ©
resi st Btera&)reoapﬂllahﬁwclmasmf the reaist ean beeresiusedrand a tineimagder ¢aredeny

cont ai REJHEf&r Q@kqf@s@%tﬁéon conprised of a polyner and a solvent. 2. The
conposition {or orm rghédgap-fi |Iing material according to the claiml,
er

char act e[00%6] i Ast Aam yatiaining | furthen enhancedoplanasiziag: ability of. the or
[ hangeariposifior e 1BAdir°a gapdiing fifEtériat BF Hhogfs tyfg?msh%feégﬁ?@%g‘??@' of 1
to 80 rihaks isnaimathod imewbichetheaglass dtansterclemparature{dahforaairalyper e heny
wei ght .sed 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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3. The composition for formng a gap-filling material according to the
claim1l or 2, characterized in that the polyner solution contains 0.1 to
30% by wei ght of solid content. 4. The conposition for form ng a
gap-filling material according to one of the clains 1 to 3, characterized
in that the solvent contains 20% by weight or nore of a solvent (s) having
a boiling point higher than a glass transition tenperature of the polyner
based on the whol e solvent. 5. The conposition formng a gap-filling

mat er i @yndtoetiy Bxavapteoit he cl ai m 4, characterized in that the boiling poi nt

of the s t (s OCo r than,t
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nonobu ether., . pr h ne,
i ot y o8 RS oBIRATNHERT AR, FRRUERG RN i ErBhficals 1 FF B0
corrpﬁsiptdlwnerﬁzmldmmntlatgr wvagapdded while heldeng thle essantiodi sgjution Eh&0CCaiamsl 1 t o
, Char t.ha ht noj e
is fro 85%6 g‘ﬂj’b%b n ta' %H%&@ggbﬁ%%forb‘f g%ﬁ?’%r&t\’@a% %oﬁ%ﬁ;tfa Sem‘gerl al
accor dipngcipbatinge irobne H«tatec lofiiciietilléd tveatey. cHze sesulting eedimentiveas filteated lapder
cmPY TS5y Yheh Bhda S obEARSHA0GGH M el BERARE, U eieup paVRS, Gk <
| ndepersdibjedted te@ GRMianalysidr e @wsal the weidhiiavgrage maeculapmweightaefor) a
chlori nge 3L QNG pBIYATRA GaE580b M tétnfe/SFtfe LRrd polystyrene (60% yield).
[0079] The structure of the resulting polymer was of a copolymerization of p-
vinylphenol and styrene at a molar ratio of 70 : 30.
[0080] Furthermore, 1 g of the obtained polymer was dissolved in 3 g of propylene
glycol monomethylether to prepare 25% by weight of a solution. Then, the viscosity
of the solution at 25°C was 15 mPas as a result of the measurement using an E-type
rotational viscometer. '
[0081] The coefficient H defi_ned 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 (manufactvured by LANCASTER Co., Ltd.) in which
p-vinyl 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 JUNSEI 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 result, the weight-average molecular weight of the resulting polymer was 5300 in
terms of the standard polystyrene.
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10. The conposition for formng a gap-filling material according to the
claim9, characterized in that the polyner is a honopol yner conprised of
the repeating unit represented by the Formula (1 )) or a copol yner
conprised of the repeating unit represented by the Fornula (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. 11. The conposition
for formng a gap-filling material according to the tenth aspect of the

i nvent i 0{0083]ar Theestructdre of thatresiiting Polyraer iviaspof \a popolyepizatioh dhpt

conpri repeati na.unit represented by the.follow.nng-Formula, ?2)..40
o For NiTUPrSAIEd HheshefERNER"1GA mdinh il & 48811 7 e, gsd diasiion
accor ditempepature of the polfMer wasr t85°€.i zed in that the polymer is a bromde
of poly paNdAY! Phenol . which npLises,a repeating. unjt r.epresented. by the
£ ol | ol nd09&4Hy, Futhermong,'s opReobtaingd Bolyieidvag Hissplvpd 15 G AEPIRYRI 1 i on
for LO@}"@Q momnefhy!léthegtarptelpdrela afscw/it%! nsxlalutiom.heTbégi thelGiscosity efitf;]ﬁi zed
I Nt hat | I o Vi n an tyr.ene iC
conpr ; SOUpr? 8L ZERE, ly3s 20 HRERY L o Lefll o MaS HEPREwRRiert ¥ifd can ok
For mul aotationdilviscometer. :
[0085] The coefficient H defined as [logarithmic change in viscosity (mPas)] /
[change in solid content concentration (% by weight)] was 0.046 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 3

[0086] 20 g of acrylic acid (manufactured by JUNSEI CHEMICAL Co., Ltd.) was
dissolved in 100 g of propylene glycol monomethylether, followed by streaming the
solution with nitrogen for 30 minutes. While holding the reaction solution at 60°C, 0.2
g of azobisisobutyronitrile (AIBN, manufactured by Junsei Chemical Co., Ltd.) as a
polymerization initiator and 0.04 g of 1-dodecanethiol (manufactured by Kanto
Kagaku Ltd.) as a chain transfer agent were added and were then stirred in a nitrogen
atmosphere. After stirring for 24 hours, 0.03 g of 4-methoxyphenol (manufactured by
Tokyo Kasei Kogyo Co., Ltd.) was added as a polymerization terminator. A sediment
obtained by re-precipitating the reaction product in 1 liter of distilled water was filtrated
and dried to obtain powder of the polymer. The resulting polymer was subjected to a
GPC analysis. As a result, the weight-average molecular weight of the polymer was
19000 in terms of the standard polystyrene.

[0087] The resulting polymer was polyacrylic acid.

[0088] Furthermore, 1 g of the obtained polyacrylic acid 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-type rotational viscometer was 98 mPa - s
at 25°C.

[0089] The coefficient H defined as [logarithmic change in viscosity (mPas) ] /
[change in solid content concentration (% by weight)] was 0.069 under the
measurement conditions of a solvent temperature of 25°C and a solid content
concentration of 8.3 to 25% by weight.
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and a repeating unit represented by the following Formula (4): CH Fornul a
(4) and in which 20% or nore of the repeating unit represented by the
Formula (2) is contained based on the total nunber of the repeating units
in the polynmer. 14. The conposition for formng a gap-filling materi al
according to the claim 10, characterized in that the polymer is a copolyner
of p-vinyl phenol and nethyl nethacrylate, which conprises a repeating unit
represented by the following Formula (2): HI CH2-C Fornula (2) OH and a

r epeat iSynthetic Examplsént ed by the foll owing Forrmula (5): 42 H3 CH2-

oy o) 3 OBy ARhbPonEEnA i TRl R oL o
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whi ch coigtiors a¢ 70°Ce:081 ggpfuazébisispbetyesriitrie (AIBNe rhanufacturgd Foy ruinse( 2) :
Chemical Co., Ltd.) was added as a polymerization initiator and was then stirred in a
nitrogen atmosphere. After stirring for 24 hours, 0.04 g of 4-methoxyphenol
(manufactured by Tokyo Kasei Kogyo Co., Ltd.) was added as a polymerization
terminator. In the solution, the solid content was 23%. Then, the solution was re-
precipitated in distilled water to obtain a sediment.  After that, the sediment was
filtrated and dried to obtain fine particles of the polymer. The resulting polymer was
subjected to a GPC analysis. As a result, the weight-average molecular weight of
the polymer was 130000 in terms of the standard polystyrene.

[0091] The resulting polymer was polyhydroxypropyl methacrylate.

Furthermore, 1 g of the obtained polyhydroxypropyl methacrylate 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-type rotational viscometer
was 225 mPas at 25°C.

'[0092] The coefficient H defined as [logarithmic change in viscosity (mPas)] /
[change in solid content concentration (% by weight)] was 0.079 under the
measurement conditions of asolvent temperature of 25°C and a solid content
concentration of 8.3 to 25% by weight.

Example 1
[0093] 20 g of a copolymer of p-vinylphenol and styrene obtained in Synthetic

Example 1 was mixed with 3.0 g of tetramethoxymethyl glycoluril and 0.02 g of para-
toluenesulfonic acid and was then dissolved in a solvent comprised of 173 g of
propylene glycol monomethylether and 75 g of propylene glycol monomethylether
acetate to give an 8.5% solution 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.

Example 2
[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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HI CH2-C (7H Formula (2) and a repeating unit represented by the foll ow ng
Formula (6): 43 CH3 CHZ- | C=O0 O CH2-CH2-OH Fornula (6) and in which 20%
or nore of the repeating unit represented by the Formula (2) is contained
based on the total nunber of the repeating units in the polyner. 16. The
conposition for formng a gap-filling material according to the claim 10,
characterized in that the polyner is a copolyner of p-vinylphenol and butyl
acrylate, which conprises a repeating unit represented by the foll ow ng

For mul @atatolubhésifidhicatidRmidwas théh dissbived fP8aloiviht Wohpriseir 65 €90 glofoy
the foll ow ng Fcirmfl a 517211:
propylene glycol monomethylether and 83 g of propylene glycol monomethylether
acetate to give an 8.1% solution 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.

Example 3
[0095] 40 g of a commercially-available bromide of poly p-vinylphenol (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
tetramethoxymethyl glycoluril and 0.02 g of para-toluenesulfonic acid and was then
dissolved in a solvent comprised of 229 g of propylene glycol monomethylether and
100 g of propylene glycol monomethylether acetate to give an 11.8 w/% solution
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.
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-type 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-vinylphenol
(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 wi/t% solution
thereof. The given solution was filtered through a micro-filter made by polyethylene
with a pore diameter of 0.05 u m to prepare a composition for forming a gap-filling

29



HCHz- | C=O Fornmula (7) O CHZ-CH2- CH2- CH3 44 and in which 20% or nore
of the repeating unit represented by the fornula (2) is contained based on
the total number of the repeating units in the polynmer. 17. The conposition
for formng a gap-filling material according to one of the clains 1 to 16,
characterized by further conprising a cross-1linking agent having at |east
two cross-linking formng functional groups. 18. A nethod of using a .
conposition for formng a gap-filling nmaterial according to one of the

cl a: s riatevial for lm’a@ap?w | Ploel resfutlt?]ﬁgabom osition-was $uhj eé@dﬁb@@?ﬂhﬁ&l;fsi@n i's
applie a substrate a en n a ogra

productquSQﬁ’@f ﬁgi]gﬁl 8@%8103? UZ@'VYVEQh? re? ﬁﬁ%'%{efﬁé §t Pf‘a@“{;
sem compbiystgrendevi ce formng an integrated circuit el ement by transferring
an image on a substrate, characterized by conprising: a step (A in which
the conposition for formng a gap-filling material containing a pol yner

sol ut i gixanopiprd sed of a polyner and a solvent is applied to a substrate

havi h ] ich j d fjned :
et gne/ fegaler 26 grit 4 S88akmedof Saowpnenel B et melicielengbteled non
t the St(Jlﬁyntbetm Eramphp2 @@s mixedhwith 4¢0 g%tatameth@gwlneﬂtyl ghlytoﬂrriledld ®08 o N
ste ex re \Y an 1 N OI’ ne
0. petadalgReSlRtE BB, Rat ich BTENEH 4F Scaclfert onuibat & 0%
cl ai m 1, propyaleaetgﬂ]cdeﬂommniﬂwlethbean@ﬁﬁogIof peopylene Hlycol :’n;orw feitllrw]én ng
ter 0 ion according to.one
frret RoptRBo e dnch Mk shysrdipBiidlor Thh el Enuiian wes fitered 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.

Example 6

[0100] 40 g of novolac type phenol resin comprising a repeating unit represented
by the following 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 monométhylether and 159 g of propylene glycol monomethylether
acetate to give a 9.5 w/t% solution thereof. The given solution was filtered through a
polyethylene micro-filter of 0.05 u m to prepare a composition for forming a gap-filling
material for lithography.

[~ )

\/Il "HZ’/ Formula (8) ‘
OH

Subsequently, 1 g of RESITOP PSM-4326 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-type rotational viscometer was 31.9 mPas at 25°C.

The coefficient H defined as [logarithmic change in viscosity (mPas)] /
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21. The nethod of manufacturing a sem conductor device according to the

ni neteenth aspect of the invention) characterized by further conprising a

step (A) where a bottomanti-reflective coating is forned before or after
the formation of a filling |ayer using the conposition for formng a

gap-filling material in the step (A). 45
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Comparative Example 1

[0106] 40 g of a commercially-available polyethylene glycol (Polyethylene Glycol
2000 manufactured by Junsei Chemical Co., Ltd.) was mixed with 14.2 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 thereof.
The give solution 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.

Comparative Example 2
[0107] 40 g of polyacrylic acid obtained in Synthetic Example 3 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 propylene glycol monomethylether acetate to give a 9.5 w/t% solution
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 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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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.

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

Comparative Example 5

[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 glycoluril 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 dimethyletﬁer
(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.

Jest Example 1
[0111] The compositions for forming a gap-filling material for lithography

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.

Test Example 2

[0112] The compositions for forming a gap-filling material for lithography
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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 » m in
film thickness). A commercially-available resist solution (APEX-E, manufactured by
Shipley Company) was applied to the top layer of the gap-filing material for
lithography by the spinner and was then heated on the hot plate at 90°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.

Test Example 3

[0113] The compositions for forming a gap-filing material for lithography
obtained in Examples 1 to 4 and Comparative Example 1 were applied over the
respective silicon wafer substrates having holes (0.25 1 m in diameter and 0.9 um
in depth) 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 (0.24 4 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
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
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[0117] Simultaneously, furthermore, the film thickness of each portion of the
substrate formed by the composition for forming a gap-filling material for lithography
was measured, ‘

[0118] The results were listed in Table 1.

Table 1

Film thickness (Unit:nm) Pl‘anarizing 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

[0119] 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. Furthermore, 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-filling material for lithography of Examples 1 to 4.
This indicates that the compositions for forming a gap-filling material were smooihly '
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 u m in depth) and the film thickness of the gap-filling material
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10t =10% [g01(2)1]' &%%@a%go&gly,s fc'ﬁ%fefn%fofré,' eac@ of the compositions for forming a gap-
filling material for lithography was subjected to the measurements of its viscosity
(mPas) and coefficient H, where the coefficient H was defined as [logarithmic change
in viscosity (mPas)] /[change in solid 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
Coefficient H  polymer solution factor
(Unit.mPa's) (Unit: %)
Iso Dense Bias
Example 1 0.041 15 98 93 5
Example 2 0.041 15 96 91 5
Example 3 0.029 8 98 94
Example 5 0.046 - 21 08 97 1
Example 6 0.053 32 ' 89 84 5
Comparative ;
Example 2 0.069 98 88 72 16
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 5

[0124] For the respective compositions for forming a gap-filling 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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in depth) and the film thickness of the gap-filling material was about 0.22 u m.

Table 3

Planarizing factor (Unit: nm)
Iso Dense  Bias

Example 7 97 94 3
Example 8 96 91 5
Example 9 97 95 2
Example 10 91 73 18
Example 11 90 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 planarizing 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 Applicabili

[0126] A gap-filler 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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10 10 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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1. A composition for forming a gap-filling material to be used in production of a

semiconductor device by a method of applying a resist for coating onto a substrate
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.

2. The composition for forming a gap-filling material according to the claim 1,
characterized in that the polymer solution 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.

3. The composition for forming a gap-filling material according to the claim 1 or 2,
characterized in that the polymer solution contains 0.1 to 30% by weight of solid
content. ‘

4. The composition for forming a gap-filling material according to one of the
claims 1 to 3, 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.

5. The composition forming a gap-filing material according to the claim 4,
characterized in that the boiling point of the solvent (s) is 10°C or more higher than the
glass transition temperature of the polymer.

6. The composition for forming a gap-filling material according to one of the
claims 1 to 5, characterized in that the boiling point of the solvent (s) is from 145 to

220°C.

7. The composition for forming a gap-filling material according to one of the
claims 1 to 6, characterized in that the solvent (s) is butyl lactate, propylene glycol
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monobuty!l ether, propylene glycol monomethylether acetate, cyclohexanone,

diethylene glycol monomethylether, or any mixture thereof.

8. The composition for forming a gap-filling material according to the claims 1 to
7, characterized in that a weight-average molecular weight of the polymer is from 500
to 30000.

9. The composition for forming a gap-filling material according to one of the
claims 1 to 9, characterized in that the polymer comprises at least one repeating unit
represented by the following Formula (1):

R1
|
CHg"C

C Formula (1)
I 2
R
\ . |
OH

[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].

10. The composition for forming a gap-filling material according to the claim 9,
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.

11. 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):
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|
CH,—C

Formula (2)

12. The composition for forming a gap-filling material according to the claim 10,
characterized in that the polymer is a bromide of poly p-vinylphenol, which comprises
a repeating unit represented by the following Formula (3):

*.'
CH,—C .
@ Formula (3)

13. The composition for forming a gap-filling material according to the claim 10,
characterized in that the polymer is a copolymer of p-vinylphenol and styrene,
which comprises a repeating unit represented by the following Formula (2):

CHZ—C \
© Formula (2)
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|
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© Formula (4)

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

14. The composition for forming a gap-filling material according to the claim 10,
characterized in that the polymer is a copolymer of p-vinylphenol and methyl
methacrylate, which comprises a repeating unit represented by the following Formula

(2):
W \
CH,—C

.

|
OH

Formula (2)

and a repeating unit represented by the following Formula (5):
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O—CH,-CH,~OH

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

16. The composition for forming a gap-filling material according to the claim 10,
characterized in that the polymer is a copolymer of p-vinylphenol and butyl acrylate,
which comprises a repeating unit represented by the following Formula (2):

¢\
CH,—C -
‘ | .Formula (2)
~ OH

and a repeating unit represented by the following Formula (7):

< \

=0 . Formula (7)

Oo— O—-— O-—-I

—CH,~CHy~CHy—CHj
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one of the claims 1 to 17, characterized in that the gap-filler forming composition is
applied onto a substrate and is then baked in a lithographic process in production of a
semiconductor device.

19. The method of manufacturing a semiconductor device forming an integrated
circuit element by transferring an image on a substrate, characterized by comprising:

a step (A) in which the composition for forming a gap-filling material
containing a polymer solution comprised of a polymer and a solvent is applied to a
substrate having holes with an aspect ratio of 1 or more, which is defined as
height/diameter, and is then dried to form a planarized filling layer on the substrate;

a step (B) in which a resist is applied and dried; and ,

a step (C) in which an exposure, a development, and an etchmg are
performed.

20. The method of manufacturing a semiconductor device according to the claim
19, characterized in that the composition for forming a gap-filling material used in the
step (A) is a composition according to one of the first aspect to the seventeenth
aspect of the invention.

21. The method of manufacturing a semiconductor device according to the
nineteenth aspect of the invention, characterized by further comprising a step (A')
where a bottom anti-reflective coating is formed before or after the formation of a
filling layer using the composition for forming a gap-filling material in the step (A).
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