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1 SILI CON CONTAI NI NG COVMPCSI TI ON FOR FI NE PATTERN
FORMATI ON AND METHOD FOR FI NE PATTERN FORMATI ON USI NG
THE SAME 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to a silicon-containing conposition
for fine pattern formation and a nethod for pattern
formation using this conposition for fine pattern

foSHaTtGQN CQN NING fiGEMRSTEIGN carF @B f ofr i i (PATTERN
ﬁo@ C/E\th1 PGS FOSR FIRETPAGTERGN O IQM,%tﬁ@)rN USING

u0|ng e pitch size (between trace
pa'trH&r Aé(kferture size of an already forned resist
pattern in resist pattern formation. 15 BACKGROUND

ART [0002% Fi ner pattern formation using general
phot ol i t hegHAWAL EERPques i nvol ves nodi fyi ng
app a e

POULS, aPEi BRSeRSTHITH ot kA Phaining
phot ol i temg\mtyoaofqreémﬂ patserrdigirnatiepeandl a method for
apparat “@5&erﬁ“?&rﬁ§tubﬂ”ﬂs§h ”thueh%meddétﬂeha?&é’ fine pattern
devel oped I n recen ) S~ enor nous
i nvest nefarsnafionpdyy Mnhtcétf @r émerapattmnt eannbquinhadein the

been Stuphdilftn . BRbELEE NGr 2o | DEnRBIHRIRAM BROthe, lice by

usi ng su expenS| ve apparatuses
most pr atedumngntﬁtewpctchnenzao(é:etmeﬁ hlgacaasacm pagtelraty@perture

on an al geadyyf ”Eﬁieéﬁg' F&rm@ﬂt F%lgt :[?értgﬂgrﬁ in_ resist pattern

conposition containin
opt i onal formaifiioaddi ti ve, and thereby maki ng the resi st
pattern finer. This technique allows, irrespective of

30 exposure wavel engths, the formation of a fine
patter n BAGKGRQtINHIARRe |imits of photolithography.

ooE gL oL s S, B BRPL o) PGB RS !Y genera
photollthography techniques involves modifying exposure
apparatuses. Particularly, the formation of a pattern with a
pitch size of 60 nm or smaller by photolithography
techniques requires special apparatuses, such as immersion
photolithography developed in recent years, and requires
enormous investments.

[0003] Therefore, various techniques have been studied for
obtaining a fine pattern without using such expensive
apparatuses. Among them, the most practical method
includes forming a coating layer on an already formed resist
pattern using a composition containing a water-soluble resin
and, optionally, an additive, and thereby making the resist
pattern finer. This technique allows, irrespective of
exposure wavelengths, the formation of a fine pattern that
exceeds the limits of photolithography. Such a technique
has a short history and has merely been practiced for
approximately 10 years.

For example, the following methods have been proposed:
(1) a method including: forming a resist pattern; then
applying thereonto a resist for forming mixing; forming a
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For exanple, the follow ng nmethods have been proposed:

35 (1) a nethod including: formng a resist pattern;

then applying thereonto a resist for form ng m xi ng;
formng a 2 mxing layer by baking; and formng a

pattern wwth a fine pattern size by devel opi ng

(Japanese Patent Laid-Open No. 5-166717); (2) a

met hod fmlxm rhav@“ &Yf ibakinar tasch fofmang @ paiiere oaith a fine

5 | udj tit
' ubet pafterh Sk By HARLpINE (FIBEAEES rchit (AL ORRN No.
patter n 5016@7&‘” omagneti c radl ation; then evenly
appl yi nggjgrmhgd ot %qtmﬂps rf rd B?laLHjaﬁQl:eous coat,
g ting o
pho

di ssol vi and renovin he "posi t
phot or esinslugiings doralirgl inepagiiesus Dormlshumttern on a

(apances, Fairepd LHi-QRRRUND urircl ! kingsfila AHEEHaREErn to

for achieving rédactio
wi dt h of elgectranagnesiia ¢adiatiar) GbengeveMram@Iymg thereonto

resist ?ﬁtéﬁﬁﬁoﬁgr‘&é‘éf" %%dalﬂﬁih%ﬁh@' di?’g‘ I\Hﬁgeéﬁhe?emovmg

an acid thro exposure cont
mat eri al (Itftiang effaihe pRrsitivge photthEechte%H‘t@malkahme aqueous

aci d; geglah%ﬁ)'mg]uaﬁ%ﬁ%éjPégbﬁPEairde@ﬁér} N%atf eirglfl}’o)f

heatlng or expo
the resi&3) raametrmod afoer asblemngdreﬁy@nom nlnt Hit@le diameter or

oot one “CEIEH MR YRR iR er BRI SRR g o resist

f or mi ng pattene qm’ttamlng a mohtetialgthair epaeraigs anfaaié through

pattern {e%{:‘ée e, TR Lale Qbﬁ?é’ibxrgé‘ga \ﬁwﬂ?@rﬁggt{rﬁg{gosslinks

wat er - so cross I nKi ng agen
resin inin almeammemeneﬂuamractdjegenepaténglqn acid in the resist

wat er - so [ g e e d
gl ycol é\urﬁ?n i Ng Eggfo'?' eas%ﬁ%élfehlﬂ?hnn? %’)% Cgéﬂﬁb layer
a hydr oxqbltkgl regmsiupatisﬁmsta taroeslinked dahgdnngime antarface to

and forn#mg kén e ¥ sm?%éftre'? maj)la%@s% PAt8nt'S'd1d-Bpen No.

chem cal Ty an‘pl res ni g an
aci d- pro]:iOc?B@ZZig;ent t hen providing thereon

(4) a method for forming a fine pattern, including: preparing
a fine pattern forming material by dissolving a completely
water-soluble crosslinking agent and a water-soluble resin in
an aqueous medium, the completely water-soluble
crosslinking agent being selected from glycol lauryl having
at least one imino group with a hydroxyalkyl group
substituted for a hydrogen atom; and forming a resist
pattern on a substrate using a chemically amplified resist
containing an acid-producing agent; then providing thereon
a coating film of the fine pattern forming material; forming
a water-insoluble reaction layer in the interface between the
resist pattern and the coating film by heat treatment; and
subsequently removing an unreacted portion of the coating
film with an aqueous solvent (Japanese Patent Laid-Open No.
10-73927);

(5) a method including: swelling a surface layer of a resist
pattern by permeating thereinto a chemical solution
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a coating filmof the fine pattern formng materi al;
formng 30 a water-insoluble reaction layer in the
interface between the resist pattern and the coating
filmby heat treatnent; and supsequently renoving an
unreacted portion of the coating filmwth an aqueous

sol vent (Japanese Patent Lai d-Open No. 10-73927); 35

(5) a netoi@ining adciogslisking iaggm 3nd faswelliyerpremater, the
resi st agk& : t :her el a ' :

sol ution @@E{ ni éﬂgacnggﬁﬁﬁkﬁ%@éggeﬁﬁggﬂgﬂghg in the
swel | i ngpgsefsieeof ameacidi ayyd ifekmigdageenosslinkgdnglm in the
about cr L A Kd j r - pf ird;

form ng avals0araLs bPFr, & ST RECisE RAiteAt t0: R & second
| ayer ofragist r pattarnpattapanase f Batent skoshd®men ediet 2001-
pattern %ﬁ@gggﬁse Pat ent Lai d- Open No. 2001- 100428);

(6) a nmethod I'ntluding: covering a resist pattern with

a first (ppemethodrincbudiagni gayeringi@ esistrpatkam; with a first
further f ] :8-SEro u : ;
cont ai ni HEPS Baxet Camiar SR Rt EBRIpARHE: further forming
aci d conp@reon arsg bapec lapapcnsnainingtaobakie comyonent;

resist p Ly - : i o
raspect | gt AEEEd, FAR, Al ConbbpPEEind 24 basir, corponent
| ayer inintohthe diistt resist evattenhiand riste rtdie £lray wpieer layer,

acidcon;q%gj AN, TR, 'n'ﬁﬁﬁp i OO Y, :
to the in ﬁ%yg&,sﬁgeﬁﬁgﬁﬁaﬁe [ r@?ﬁm é]eggclnt%ﬂl%gelrayer N
| ayers; el nesislvipagtenhewdulaubieutratizingy dhet acickdimaponent
the wi dth..0f e e P : :'ﬁi 'QQFFR

2001- 100\9&@5 ;%)Eiaﬁegﬂg?wﬁﬁgpm%@% [ ngzr0 resis terface
pat t er n, betweedi the firsppand ngecorbaipper tayersagand removing
a form ng,d | 08 EAP! 1o YL LRI PR MR OF the trace
partial surface of a resist pattern forned on a

subst r at @apaneseoBaterdr v idg OpgenNoc ARG 11004 28) ;

CPoh 27 PRl e o R et ictuaing:
applying a coat forming agent for a forming finer resist
pattern onto a whole or partial surface of a resist pattern
formed on a substrate, the coat forming agent containing a
copolymer of a (meth)acrylic acid monomer and a water-
soluble vinyl monomer; and heat-shrinking the resist
pattern by additional heating (Japanese Patent Laid-Open
No. 2003-84459); and
(8) a method for forming a resist pattern, including:
applying a surfactant-containing solution onto a resist
pattern; and then applying thereonto a resist pattern-
thickening material containing a resin and a surfactant
(Japanese Patent Laid-Open No. 2004-191465).
Furthermore, a finer resist pattern forming composition
named AZ RELACS (registered trademark) is sold by AZ
Electronic Materials.

[0004] These methods, in general, can easily form a fine
pattern that exceeds the Ilimits of photolithographic
resolution. However, ultrafine pattern formation with a
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pattern by additional heating (Japanese Patent

Lai d-OQpen 25 No. 2003-84459); and (8) a nethod for

formng a resist pattern, including: applying a

sur factant-containi ng solutiongonto a resist pattern;

and then applying thereonto a resist pattern-

thi ckening material containing a resin and a

sur f act apatteso gizapin2@ampaoesmalierdtepds thocause defects and

2004- 1914495) ji&urt apt hner [ t
form ng _con'plcl)lg%:'t i oﬁﬁé%ﬁﬁga’ A@éﬁA@?ngl ;%?glr g{ room .for
t rademarippreveypentoy AKartievéptly,ors sat@rrent. tiregebsla film
These ne in:ge a asj . I

pat tor - ThGengseC i8e Wedlaad ool TRrbrdRg Fecial psensitivity.
resol ut i dawenskeiethisucasef the piinuim fibmntdiicloness ofi a base

a 4 pat | ; : . cause

def ect o SortraRe i soMgtnels (AR Clent FOCRIEAIRE o,

had rooniRatentiliferaienert] JPpanesalRatent laidaOpeanr Bublication
trend, anhi HEgA{Y S i s reduced for enhancing

resi st sensitl vi]t . wever, in this case, the

m ni mum fliRatenhiLitaratigren? | dapanesesakantataidn@pen Publication
somet i negi 54 £4 for etching. [Patent Literature

1] Japan@géﬁ%%lnfh?gsd- Open Publication No.

166717/ 10%8ehbdtitenature ey alapaneje Ratenédaida®pern Publication

Lai d- Opeg,Pubid [ 10 No. 191214/1995 [ Pat ent

Li terat u&ce)' ﬁgé?g{&r%ge Patent Lai d-Open Publication
No. 7392[Ratess lifeiadure 4] dapanese AateapdraideOpaneRublication
Lai d- OpeQ ~PubAfatd No. 2000-267268 15 [ Patent

Li terat u&g' ?]Wdﬁ%ta(sr?gsbesg Pat ent Lai d- Open Publ i cation

No. 2001fPaiemed if@atone 1) iapanese Mitehsdaids@prat Bublication

Lai d- QOeNOPli@dlc_qtdmfg No. 2002- 6512
[Patent Literature 6] Japanese Patent Laid-Open Publication
No.2002-6512
[Patent Literature 7] Japanese Patent Laid-Open Publication
No. 2003-84459
[Patent Literature 8] Japanese Patent Laid-Open Publication
No. 2004-191465
DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] In light of the problems described above, an object of
the present invention is to improve the dry etching
resistance of a finally obtained pattern in very fine pattern
formation.

SOLUTION OF PROBLEM
[0006] A composition for fine pattern formation according to
the present invention contains: a resin containing a
repeating unit having a silazane bond; and a solvent that
dissolves the resin and does not dissolve a resist pattern.
[0007] A method for fine pattern formation according to the
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[Patent Literature 7] Japanese Patent Lai d-Open
Publication 20 No. 2003-84459 [Patent Literature 8]
Japanese Patent Lai d-Open Publication No. 2004-191465
DI SCLOSURE OF | NVENTI ON 25 P EM TO BE SOLVED BY THE
I NVENTI ON [0005] In light of thé problens described
above, an object of the present invention is to

i nprove PrRsantyinyeshionyingdedest ance of a finally

obt ai ned tern in My T ter fqr j 0
SCOLUTI G\rO%@ﬁIBE@L#EM E%%%ES}E Rggt%ﬁ%osic{}? ongf g‘r?ifrbi‘%ﬁ%at% by a
patt ern poetalithegrapoyrwietgods the present invention

cont ai ns; =3y 0 W Jigap [ jt i

251 | azagRPYia. Saff et BbSlioh MERRRE! Baesh rialen onto
resi n anthelpastaro; di ssolve a resist pattern. [0007]

A net hod o Fd ter i C [ s :
pr esent E‘%@QH{J,@% Fﬁ%l%ﬁg%stfévfdg?émr%rdgﬁr&?&?ﬂg}%ﬁﬁé@ﬁ] for fine
on a subpattere foymatiphoprasentoigr aphadjatanidaremmfythegy resist

said co Itk 0 r fine pattern formation onto 5
t he pat F‘ggﬁ!e?hé%tﬁogg the resist pattern to harden the

conposi tswhjelcting i the  resister pattermatoom priesiagt traatment to
ad) acent rﬁfﬁ%@eo‘ctﬁ@e Ui rfendRpt F?Qﬁ?oﬁé@ﬂgnwﬂilﬁgfih@g pattern

the resi pattern to a rinsing nt to
renove tioematiandened conposition for fine pattern

formati OBFFEETRSE 19E TNREN | ON [ 0008] The present

i nvention provides a conposition for formng a fine
paf®@08]wi t h hllyd presenthinvgntiesi sprovideand gomposition for

forming a fine pattern with high dry etching resistance and a
method for pattern formation using the same.

[0009] For the composition for fine pattern formation
according to the present invention, an arbitrary material for
forming a finer resist pattern can be selected. Thus, a finer
pattern with high dry etching resistance can be obtained for
diverse resist patterns.

BRIEF DESCRIPTION OF DRAWINGS
[0010] FIG. 1 is a diagram schematically showing a method
for fine pattern formation according to the present invention.

EXPLANATION OF REFERENCE

[0011]

1 substrate

2 resist film

3 layer of composition for fine pattern formation
4 insolubilized layer

5 adsorbed resin

BEST MOVE FOR CARRYING OUT THE INVENTION
[0012] Composition for fine pattern formation

A composition for fine pattern formation according to the
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15 nethod for pattern formati on using the sanme. [0009]

For the conposition for fine pattern formation

according to the present invention, an arbitrary

material for formng a finer resist pattern can be

sel ected. Thus, a finer patte|6n with high dry etching

resi stance can be obtained for 20 diverse resist

pat t er nsprasRINtF iMESURY PTCORLADAS DRAVENGS CP0dalling| &, rapeating
is a di al?ﬁﬁ”h?ﬁ 'sﬂ%%éMeS?BW?ngIﬁ H"ﬁtsh@?nt(af){;tIr fHd'&ilazane
pattern formati o according to the present i nvehti on.

25 EXPLAMATI aneamsRerERENCBondpothichi hgsmstnatfer inding with
resist fj a COEPQSiAihaN & fin r
formati o%mgfiqf@(t)% uélﬁpi gcfgg I aye?ir@hgdggﬁﬁasedélrjE%tﬁﬁ}t%gszlby an
MOVE FORBIARRYYNG \(Chstitriemtt NVERTI @enaml] obhe] substituent is

Conposi ty fj.n r [.on it -
for fi neh 2'{({ P h d(o?n@ﬁggﬁég%é@r%@r}dg&t oﬁ?he g ! :[t)f;lgggérwammg
i nvent i oarmasnEyhdeasubstitutednbyi aisidcen1agpdaining group or a
unit havg f I ot e ;
si | azanefd}g:gﬁ)ﬁm%agﬁ%\? égjrydapo\?\ﬁﬁ’cﬁ cﬁ&ﬁgog&ﬂso? grn amino
bi ndi ng @raup. oMeseovert heanepeatngeumsitfagy twongr more arms.
substit u‘?qﬂe n i trar. j t r :
the substi urg)répai %&%ﬁb%g@ﬁyoﬁﬁh?ﬁ]gﬁa%dgﬁ gﬁ@g‘p%e resin
However , Caime asswingi n@ Aawosdimgnisionalbsort utheéebdirmensional

sili con-gtanﬁi“rg ng group or a functional group such
as_a hydroxyl, @a carboxyl, or an amino group. _
Mo[@B¥31, the Prejerableg exaimpless afwsueh @orrepaating 1onit can

when theicfRFathBe albkelamtdd bRy (IR Frmbfie (1):

resin can assume”a

t hree- di mengipgng3
|
Si—N (1)
R2

In the formula, R! to R® are each independently a group
selected from the group consisting of hydrogen, a saturated
hydrocarbon group having 1 to 6 carbon atoms, and a
silazane group having a saturated hydrocarbon group having
1 to 6 carbon atoms. The saturated hydrocarbon group
may be any of linear, branched, and cyclic hydrocarbon
groups.

[0014] The resin represented by the formula (I) is generally
called polysilazane. This polysilazane can assume a two-
dimensional or three-dimensional structure when any of R!
to R is a silazane group represented by the formula (I).
Moreover, two or more kinds of repeating units represented
by the formula (I) can also be combined.

[0015] Of such resins, perhydropolysilazane consisting of
only silicon, nitrogen, and hydrogen is one of preferable
resins. One of the perhydropolysilazane resins s
represented by the formula (I), wherein all of R! to R® are
hydrogen. Moreover, another perhydropolysilazane has -
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structure. [0013] Preferable exanples of such a

repeating unit can include those represented by the
following formula (1): RLR3 I I Si-N(l) RZ 15 In

the formula, RL to R3 are eachyi ndependently a group

sel ected fromthe group consisting of hydrogen, a
saturated hydrocarbon group having 1 to 6 carbon

at ons, affeiHaNH)-| a&rﬁe-gﬁiblz havi R§ aepgaling eynits and has
hydr ocar ad; t c :
atur at e BT OXIE 0 the oD, * T RS A AfBroR S silazane
branchedmaé/ndi%yl@ﬂecvmduﬁc%ﬁfbﬁgul’@r dgpendiogian tine ratio of

restn reﬂfeesr%p(e%@ing]y ifs fcﬁh'fé'fr@io(.l)Féls eQFé'FﬁEﬂé | ¥he following
cal | ed polysiTazane. 'S pol_f)_/S| azane can aSsune a

two- 25 sliruehigieoaan be exeneplifiedensi onal structure

when any of R to R3 is a silazane group represented

by the fornul &f1).Hy MorHover,?2 t or nore kinds of
repeating unitSi_r efsiesenbied /Sin'y e formula (1) can

al so be cdibli nedN [00d5] ON such reidims,

per hydr o silaé e [ !ting ofy, 30 only silicon,
nitrogen?‘gg?} ;’ﬂaéen i 2%‘% of _pI}Jé*f\erabI e resins.

One of the perhydrapgl ysil azthe Rlesins is repr esent ed

by the forﬂﬂb&&i\(&),sw\\he,r/ein all & RLto R3 are

hydrogen. Moreovdr, afbther perhydropol ysil azane has

7 (Si H2NH) - and|-(Si |-|I2N) < as repeating units and has
hydrogen or -SiH3 at the end. This

pef®@Ubdpol ysiThe anwleaalaravsigbt vefr isoch &t restruriesarbitrarily

Conen SRR Bl hOSERATE RISy e type of o

be exenppafteed: of interest, and so on, and is preferably 500 to
100,000, more preferably 600 to 10,000, in terms of a
weight-average molecular weight.

[0017] The composition for fine pattern formation according
to the present invention contains a solvent. This solvent
must be capable of dissolving the resin. Specifically, it is
preferred that the composition should be made uniform
when applied onto a resist pattern. Thus, the solubility of
the resin in the solvent may be a level at which the solvent
dissolves the resin so as to make the composition uniform.
On the other hand, if the solvent, when applied onto a resist
pattern, dissolves the pattern, the pattern is broken before
being made finer. Therefore, it is required that the solvent
should not dissolve the resist pattern. Furthermore, it is
preferred that the solvent should be unreactive with the
resin.

[0018] The solvent that can be used in the present invention
can be selected arbitrarily as long as the solvent meets the
requirements described above. Alternatively, the solvent
can be selected according to the type of the resin used, the
type of a resist material used, and so on. However, a
solvent selected from the group consisting of ethers and
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2z2H ~S ~Si ~Si Si -NHHNNNNSH I 1 HI I

H2Si 1, NSIH2 H2Si\ N~ | Hz HNvH  H2Si1, NS, N 2

[0016] The nol ecul ar wei ght of such a resinis

arbitrarily selected accordigg to the type of a

resist used, the type of a pattern of interest, and

so on, and is preferably 500 to 10 100, 000, nore

pr ef er ab$gtugebed o malrogerbonst especidicadly, dibutyl ether and
wei ght - e V) nli leVRIE i

conposi ?(l\%%a%g’r %?Fnée%%ég{stlggh/gggp#gtggg eaccor";litnge tY%e of the
t he presegini @K entresistcoratarid wares.vedhusTuchk sloheents are
nmust be of #i ' i 0. b fiinC T
s 1P nneraniey T chEE o el e RERY pCEimpination
uni f or m ofwka Qipplaredobbhema if esicessaatt ern. Thus, the

SO fHity of AP e ;
2t LR Ve sorgaaroapitidh FBE FER BEbtertP foftfafioh 4ELording
make t hetaxdhpogiasest umieindian cootairtse tie @simatigsolived in the
the solv en app! | egl 0 :pa r ;

di ssol veg&%ﬁgwgat tern, t?ﬂ(e:gﬁgxtétt@rr{n ﬁg%r%kég E‘Fé) oﬂaeartl(?ularly
bei ng nalmitadher . Hihweeeor dhei tconrcardgationd earat beheadjusted

sol vent t i X h i st _
2ot nor nafariafdy SLERAING JoBobRTRa' oRTAIEL pntp p resist
be unreastifacenthe desired esnounk®f[gatteln sheinkagernd so on.

that canbe yzed)| rﬁhleh@oﬁf&?@rbtf tﬁ‘é(‘%’?ats‘n‘?“is bPgk prf1 0.01 to
selected arbitrarily as | ong as theée solvent "neets e
requi rendd¥, oesre pbeterabby .3 Ao SPhawitlengspent to the whole

sol vent Wgﬁhﬁgf%ﬁégggﬁﬁogﬁ%ﬁ_m ng to the type of the

resin use a resist material used, and
so[@B20HoweverTha Gimpokitian feelftt patteronfatmatiooupccording

consi stifg fleeLPEESHANthvtntion may optionally contain other
additives. Examples of such additives include surfactants,
leveling agents, and plasticizers.
[0021] Method for fine pattern formation
A conventional method known in the art is used as a method
for fine pattern formation according to the present invention

except that a composition for fine pattern formation used is
the composition for fine pattern formation of the present
invention. Thus, a photoresist used for forming a resist
pattern and a resist formation method using the same may
be any of conventional photoresists known in the art and
convention resist formation methods known in the art. An
arbitrary resist pattern generally used can be used.
Moreover, any of conventional methods known in the art can
be used as a method for coating a resist pattern with the
composition for fine pattern formation.

[0022] The method for fine pattern formation according to
the present invention will be described below with reference
to drawings. In the description below, as an example, a
resist pattern is formed with an ArF resist.

[0023] FIGS. 1(a) to 1(f) are respectively a schematic
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saturated hydrocarbons, specifically, dibutyl ether

and decalin, are extensively applicable even if the

type of the resin or a resist material varies. Thus,

such solvents are preferable.. These solvents can al so

be used in combination 5 of tws or nore of them if
necessary. [0019] The conposition for fine pattern

f or mat i odiagdaor donglescwibing prastnedifovamaiking oo medtern finer

th i B, di ssal i £ SOl inaT id
oreor DY S8 YRE, conbBRitic; (F Hine TRUEPRCRAMIAOAT the

t her eof not “partic _
concent r pees@ntcdnvestiaa; wn ethaoregist opaitaral ysurface.  Each

accordin - Wols| . '
b Pace A AEBhELAS ARRHAE S, A1} Bty (or 3 tace) 2
so on. ardagendraf a compositientfooffinenpattarnnfargnation, and an

f b 01 0 . t 0
o th 1 osmsofulthizbl laytia PEdHdEtR hettbral Blagfdm form.
15[Q0220] The fostposi thesistt de.gi,nehemically famnpilifiedn positive

accor di Nghc; l\nvweaf i y10pti

Contan B I AREING S bRNEEY 1o |68 essed, for
i ncl ude examypdeant seMitenadlcioy sigesitrate.andhe resist is exposed
pl asti ci S t f.or £l teern .0 i .
D0°5 cond e habBtl ML ARSLAY rido AR 81 LODIRIAGE resis
met hod patternnd phn tbimcootexd, ithe exposed ryeacof biee resist is
present | ' t it SR

Pac orn FIGE: FEhoyRBR aévAbpMEREEPhe cHAraBlenietits of the
pat t ern inmarawalh portitie pf edentaraanvisam owhidthuthe aresist is

POt o esi i oU=Ad ot 81 dAEtd i methdbe 28 PA'otally 2fleRposed
resi st fornmation nmetho usi ng e sane may e any o
convent i ared. phobpeeiically, keownpatibiliy awithandhe solvent is

A arbi eiapfeedy; (BTt S8, FOR. P e ), the

used. I\mmoes:itioanﬁoroffinenwemeroha’brmtimm_sakcmmingnto the

Lhe, 30" R RS AR BE Y (B8R 2 5o a5 o

f or mat i ocovérotize]resist patteod 2.or Abi maepulty er goating layer 3 is

formati o, ACEHT AN AR 5 in the composition is physically adsorbed
onto the resist pattern by this application (FIG. 1(b)).

The resin adsorbed on the resist surface is

permeated into the resist to swell the resist film (FIG. 1(c)).

In this context, the permeation of the resin and the reaction

between the resin and the resist are promoted by heating

the resist (FIG. 1(d)). Then, the reaction between the resin

and the resist hardly occurs in the unexposed area. Thus, a

thin insolubilized layer is formed. On the other hand, the

reaction between the resin and the resist easily occurs in

the exposed area or in proximity to the exposed area (e.g.,

the side of the trace in FIG. 1). Thus, a thick insolubilized

layer is formed. After the completion of the reaction, an

insolubilized layer 4 is formed (FIG. 1(e)). This

insolubilized layer is a layer in which the resin physically

adsorbed on the initial resist surface is permeated not only

into the resist surface but also into the internal region of the



10

15

20

25

30

35

the present invention will be described below with
reference to drawings. In the description below as
an exanple, a 35 resist pattern is formed with an ArF
resist. [0023] FIGS. 1(a) to 3(0f) are respectively a
schematic 9 diagramfor describing a nethod for

making a pattern finer Dby using the conposition for
fine patkasist fasrdreiiesn iosoklized .esdvgcardingly; dinerpattern is

the resigh, ALY SR ftﬁeeunﬁef&eﬁﬁﬁmaﬁwguﬁgﬂ“@rafme pattern

substrate resi s attern (or a
| ayer 3 fﬁmaafa@np@antbenre.rmowednéayp@ttrmmngotrmtmﬁnt with a

St PR g it engrag et one

2511y anphsf descpbei: iakovesithe insolipbilized daver 4 is
a SUbSt &Yy f%(%d EH?V {)l‘?‘iﬁ%ﬁ?qje BPrt eStarR! iR t spgface of the

sem conduc e reS|s IS expose

devel opekedist pattaral (tracepd to therebw Iewn ithe wilihsbetween
attern S = r £

Pe3| ot Itgwe 'tféééE ré%ve%éﬁt gﬁej?fﬂ?&?esﬁj%é‘o?%&e LPerture size

char act eof $heceesist tpﬁtermr@m et |reducedoeffettweé/ doeform a

f Wh ' f
(rom o R Bafest it (G YR 5 LSSt AT

cobPaRebi 1 ity A l'aﬂ'tahl@nssenelﬂiwe S‘eSEEhImmBGSItlon that can be
Pupsequenkey 6r MM e Gecdf)patiify 2°TAY Weany of

for fine paternforma on accor 0 the sen _
i nvent i ocon‘selatppnabdadlattom seneiive reemte@mp@sstmoes I<tn§>wn in

cover th e t r o1& COAt )
Cover 5fhe G AT PERNCE, e, | BHhinpids 67 raiation
physi cal $ene|biyer msdn anposiion eeim'tnqmdeerahkawwuble resins

appli cat Lon, (Jd GovHi9e ) reshe %S{tﬁig8§ﬂgﬁﬁe9%d{8§ogheanq acrylic

resist surface is erneated e ‘resits
the resikasing] quellt‘a/el(ltes)lsts | gontainirn@nt@xtquinleee diazide

per meat i on %é’l{rﬂ]g LAY 3 E’ﬁgn"hggl%%ﬁﬁééili@%dﬁég?ﬁh}é@%{?hgegative

the resih a resi St are
resi st (RSBt thal)gemeratest ap acidc thooudglet hglen itnadiation and

resin afb‘ilnﬁé‘ear?éé'iéﬁ PAEELN RSHY Stdd LRIMIE*BASEA of this

area. Thus
generated acid. The radiation-sensitive resin composition is,

preferably, the chemically amplified positive resist that
generates an acid through light irradiation and forms a
resist pattern using the catalytic action of this generated
acid. Many resist materials have already been proposed
and are also commercially available. Any of these resist
materials known in the art and publicly used may be used.
Moreover, any of conventionally known methods including an
application method, an exposure method, a baking method,
a development method, a developing agent, and a rinsing
method can be used as a resist pattern formation method
using the radiation-sensitive resin composition.

[0027] In the method for pattern formation according to the
present invention, an appropriate method, for example, a
spin-coating, spray-coating, immersion-coating, or roller-
coating method, conventionally used for applying the
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thin insolubilized |layer is forned. On the other hand,
the reaction between the resin and the resist easily
occurs in 30 the exposed area or in proximty to the
exposed area (e.g., the sideqgf the trace in FIG 1).
Thus, a thick insolubilized |layer is forned. After
t he conpletlon of the reaction, an insolubilized
| ayer 4 rasilabonesleroﬁtme TEs)n . camppsitiapolnay| bgedised as a
| ayer is er h e [ ey 3
adsorbedm(?)énht%ﬁ| ﬁdr';l té@? re é.??ésﬁér @?gftlé&ﬁerf%‘r%aﬂe pattern
not onl yfornatdonnef rdit spresentaiievantiord solheitapplied coating
i nternal i Qn 1 n
i nsol ubi IIal zg s c%%é‘ggd X nre%%b%rftg?;fel?@ thﬁ IaIYer 3 of the
Fi nal ly, CQITm@Qﬂtﬂ@lacf@d ¢lﬁ¢rpbétitel‘6n foonatione pdieat rireatment
formatio d [ |
sol vent oﬁ@g ogﬁn?gr”?}ﬁﬁelra%r fftﬂéfja o%?l? “Fog"‘hhl% Pattern
[ 0025] A@rmhonbﬁm\/dueyefort fexampts, ulsi |tem|a|eraat;aee of 60 to
is for I e C

P00 Brir@Bply B Ie180-E02ld 3 B8 dREhe order of

surface Fesist” pattern tréu;ea
| essen the tw 300 bseomrds, pefenaddys60AL0 al2@ssecqndhe It is

pi tch sné grgwltﬁa@pﬁ&é% f]' POBI t feﬁ’éf%en the resist

pattern e reduced € orm a
resi st paattern aqdatheolatylerf oﬁehhet lfamposigion dor ofine pattern

limt iat.i it in c o
t hat canﬁbg’%f?é use de' tﬁé Qé‘leiﬁé‘(? '{?n){ﬁgéaeczltrgpaﬁiﬂéér ?&"’5’ ?TQIYCkneSS
be any o6f tctmw\fenmeﬂwdlayeado t thom - cemgpiositien r &xi fine pattern

conposi t pfr?ﬁm“@ah” et Qﬁi@tteda%%tp%g'rfa‘ﬂew R@rding to the

Exanpl es 0 radi atron Sensi
conposi t tempesattinec bodetinae kefl itheoheat dreatimast, ¢hehtypes of

as _novol g, Iy ﬁ'iaﬂ?on \VétWés‘?ﬂecdlﬂ?o@?tloﬁ%@%&é 2soluble

resins, posi I ve resists contalnin i none di azi
corrpoundresandcczamolosmlo:lalUs;echrmndfscewrposTlnus,etbese conditions

negal [ vemdPHe! sIHAERRIE B Akt SHIMNEAN, resist

i rradi atl and orrrs a resist pattern usrn
cat al yt i patternds mradtehfmer,garnetbeedvcwdsd th‘EheXtent to which a

o ofeY et FERAS EORIRIEL R, | oy RO bhickness
of the coating layer is generally set to 0.01 to 100 um in
terms of a thickness from the surface of the resist pattern.

[0028] Furthermore, a solvent capable of less dissolving the
insolubilized layer and highly dissolving the composition for
fine pattern formation is selected as the solvent used for the
rinsing treatment by which the insolubilized layer 4 formed
by heating is left intact and the unreacted layer 3 of the
composition for fine pattern formation is removed. It is
more preferred that the solvent used in the composition for

fine pattern formation should be used in the rinsing
treatment.
[0029] The present invention will be described below with

reference to examples. However, the aspects of the present
invention are not limited to only these examples.
[0030] Reference Example 1 Confirmation of shrinkage of

unexposed resist by composition according to the present




5

10

15

20

25

30

35

generates an acid through light irradiation and forns
a resist pattern using the catalytic action of this
generated 25 acid. Many resist materials have al ready
been proposed and are also cgfner0|ally avai | abl e.

Any of these resist materials®“known in the art and
publicly used may be used. Moreover, any of
convent i w@ntiorknown met hods |nclud|ng an application

met hod, IﬁﬁBQﬁH%enﬁ?ﬁ hl%‘étu?ed)%'/ ”ﬂZ”Efét‘tijom%oll\'ﬁatergls was

developnen evel agent, and ar
met hod cdissplvads eat a8 acwgrﬁratp@mt@ffnarp@rrnxtmahely 10% by

met hod 'gﬁ dﬁ d t‘i’{érs ﬁ%l' ff t‘é?etlethg resultant solution
conmpositio 2 or patte
f or mat i okhr Oﬁomlﬁ@n pﬁlléelertp pnepareoaw camposition for

approprlﬁﬁg @ﬂﬁjfoﬁﬂétl%anﬂpl e, a 35 spin-coati ng,
spra -coatl I nrer si on- coati ng, roll er coating

met al]conver@non'dﬁey atbed fbandpplqn ndAitrhe regist (AX1120P

radi atio % b S a ;
met hod fg %%répngcr%ﬁe co bsi?ﬁ%am{ EW (IanGbyU ?\?erl?]le%tronlc
f or mat i oMaderialsd preawkntai n¥eht i masisthe(akiﬁlZSélP (registered
coati ng ' S f or
Layer 3 t'%a%ﬁﬁa@éoﬁ%qﬁjnposﬁ??%%@do % Efé’cit{&’?lc PEELFER) were
f or mat i osepaedely ppaliednto sidicaoi wa&m foTrhe M@ﬂeasefver@‘ baked
the conp r r
for exan%f go° gntféﬁp%éa ur e ostf%ugh?ut) a{fﬁée&bpér@ era tment to
80 to 100Oitainrslibstrates tar atesbrder of 10 to 300
pr ef I 120 onds. 1

SRRy P o o LoRiobOutep BREORHE. bty Lormation was
reS| st @Iaphed natared thhtlm%selofoapprm(imﬂ@d)‘ﬁl12@nnm)ronto the
fine pat&ﬁg H%J@éﬂrgﬂﬁtoﬁ ae 'eer‘h%dshﬁEﬁﬁfgéé Wére further

The film ness e formed | ayer
conposi tbahed @t 50peg Qaot &OAC fm‘rﬁ@t(bloﬁ%)aaeb@nds and further

dj d I
SO oS RRRR 8 FrBETF Rt R BUATPRALRT A fim
radi at i othickness i wag emeaswaﬂosbeﬁome d:he application of the

wat er - soJé p%sn.rlgﬁ' rcﬁﬁg%é&éprp PRGNS P afier the rinsing

Thus, th cond
treatment As a result, no change in film thickness was

observed between them.
[0033] Example 1

A KrF resist (DX5250P (registered trademark);
manufactured by AZ Electronic Materials) was applied to
silicon wafers and subjected to exposure and development
treatments by usual approaches to prepare trench patterns
with a 1:3 or 1:5 pitch. The composition for fine pattern
formation prepared in Reference Example 1 was further
applied onto the patterns. Then, the wafers were baked at
90°C for 60 seconds. Subsequently, the patterns after
baking were subjected to a rinsing treatment with dibutyl
ether for 60 seconds and then spin-dried to obtain patterns.
Trench widths of the patterns were measured before and
after the treatment with the composition for fine pattern
formation with a length measuring scanning microscope



may be set depending on the extent to which a resist
pattern is made finer, in other words, the extent to
which a 20 resist pattern needs to be w dened.
However, the thickness of the3zcoating layer is
generally set to 0.01 to 100 min terns of a

t hi ckness fromthe surface of the resist pattern.

[ 0028] Faritiealngireensianl SEMt Sc&ﬁ@lﬁl,emﬁnwf@ﬁured by Hitachi,
di ssol vi ithihzZ r
di ssol vi '281 ?@ ggf&ﬂaﬂ%ltb% Lﬁi‘% ?f%@rwa é/ The obtained
for mat i ol"ESLEltSsél’©§h@dea$n tTﬁ@|%dI vent used for the
p@@gg treat V\/nl ch the insolubilized | ayer 4
by heat i ng | left intact and the unreact ed

Iayer 3 imm‘uo_ 70

IS rerm

5 present A e
reference to exanpl es. Hovvever, the aspects of the
present ThasemesthSademmnstIratﬁd dhat ca dnepchheidth is reduced

exanpl eS 3?6[ ?]Qﬁ Ref %F A aRhe tﬁe%%‘tﬁ&&ho‘ﬁ” for fine

of shrln ge 0 x ose eS|st
accor di npattern rfermaetmacmrd ingvent erpreseytummlahen

ur ed tronic Materials was dissolved
at a colcentr%pprom mately 10% by weight in
10 di butyl B8nherAeind frebisér edAXE126Bul t eregisteiradi ontredemark);
t hr ough il itd
for 11 b uftaci e by w2, HetBoBie MR RIST AE diikd o 2
an ArF reificen wafed 2Rl gubygictedriad expoderrar kpd development
manuf act I FQnj (Al d
. %&ggg%tp‘zb LS ta %@p%apﬁggetlbra#%p;a&t@ b rdfiéh pattern.

resist ( ere
manuf act’l]hedcbmm@sﬂloebtﬁomnifmelvmaht'eams)‘omaateion prepared in

15 5opar ! SRUARARLE bR, LSRRGRISHr HISIRLE] H Dotier
treat mrenthen, the wafer was baked at 90°C for 60 seconds.
Subsequently, the pattern after baking was subjected to a
rinsing treatment with dibutyl ether for 60 seconds and then
spin-dried to obtain a pattern. A trench width of the
20 pattern was measured before and after the treatment with
the composition for fine pattern formation with a length
measuring scanning microscope (S-9200, manufactured by
Hitachi, Ltd.)) to calculate the amount of shrinkage. The
trench width was changed from 142 nm to 127 nm and was
25 confirmed to be reduced by 15 nm.
[0036] Example 3
The pattern treated with the composition for fine pattern
formation, which was obtained in Example 1, and the
pattern before the treatment were evaluated for their
30 resistance to oxygen plasma with an etcher (NE-5000,
manufactured by ULVAC, Inc.). The film of the pattern
treated with the composition for fine pattern formation
according to the present invention remained much. Thus,



obtain substrates for a test. [0032] The conposition
for fine pattern formation was 15 applied at a

t hi ckness of approximtely 120 nmonto the obtained
substrates for a test. The subgfrates were further
baked at 50, 70, or 90C for 60 or 180 seconds and
further subjected to a rinsing treatnment with di butyl
ether. Affe |pattern civeated waithndheucempesitioa tfae fine pattern
appl i catt i Ofio hNGy D CHMREH! 28 HRT ‘ﬂe’ﬁzsfr?rﬂry etching
formation and after the rinsing treatnent

result, Fesista®ge in filmthickness was observed

bet ween t hem [0033] Exanple 1 A KrF resist (DX5250P
(registered trademark); 25 manufactured by AZ

El ectronic Materials) was applied to silicon wafers
and subj ected to exposure and devel opnent treatnents
by usual approaches to prepare trench patterns wth a
1:3 or 1:5 pitch. The conposition for fine pattern
formati on prepared in Reference Exanple 1 was further
30 applied onto the patterns. Then, the wafers were
baked at 90C for 60 seconds. Subsequently, the
patterns after baking were subjected to a rinsing
treatment with dibutyl ether for 60 seconds and then
spin-dried to obtain patterns. Trench wi dths of the
patterns were neasured before and 35 after the
treatment with the conposition for fine pattern
formation with a | ength neasuring scanning m croscope
13 (critical dinension SEM 5-9200, manufactured by
Hitachi, Ltd.) to calculate the amounts of shri nkage.
The obtained results are shown in Table 1. [0034]
[Tabl e 1] Pattern type 1:3 itch 1:5 itch Size before
treatment nm 175 164 Size after treatnment nm 159 148



5 Anmount of shrinks e nm 16 16 These results
denonstrated that a trench wwdth is reduced by 16 nm
by a treatnment with the conposition for fine pattern
formation according to the prgsgnt invention. [0035]
Exanple 2 10 An ArF resist (AX1120P (registered
trademark); manufactured by AZ El ectronic Materials)
was applied to a silicon wAll&IMind subjected to
exposure and devel opnent treatnments by usua
ap roaches to prepare a trench pattern. The
bsi t Actprnppsitior fpafing pati@rmataromatiespzomegrisingsa resin

%?W A TRRRatNE R HelVig FEhapigf Bond Gpd a solvent

sewmm cansdmebmatine yestrhangatamnot dissetvevakiasistipattern.

subjected to a rinsing treatnent wth di butyl ether

for 60 seconds and then spin-dried to obtain a

paf2Er n. Thet centpositionh for fine patpart dommaiéoneascerting to
f d t COQMGS| n

fo%@'ﬁn?pﬁ%ﬁnf gﬁ?m @ﬁéé‘ﬁﬁ{;hWn‘it{"ehn%\pﬁg rreas%rzgln% bond 'is

scegmiasgntedrivs thedo(lswdngdormanaf(@st ur ed by Hltachl

Ltd.)) to %I cul ate the anount of shrinkage. The

trenc was changed from 142 nmto 127 nm and was

25_c nf'_ dito be re bced by 15 nm [0036] Exanple 3

The patitern tjreated h the conposition for fine

patteYmr2 forpati on, which was obtained in Exanple 1,

and the pattern before the treatnent were eval uated

for 381 resinst

kel R (5L R A BRI ALARTa iy ected from
futrme cgroupecpastsémg dfrbmdmgam,t h sakuradegokydiagarbon group
fi terp. far di

|n\a§\ﬁﬁ?g£)nfrg?mi8ne lr)nq@ha%qiﬁ%;’ aﬂj ?hépgr;za terﬁpéu%apggmg a
wi saturased dryebreicairlbon fgno ufp havp*sg fletn6 danboa atomags
confirmed to be excellent in dry etching

[3] The composition for fine pattern formation according to
claim 1 or 2, wherein the resin comprises two or more kinds of
repeating units having a silazane bond.

[4] The composition for fine pattern formation according to any
one of claims 1 to 3, wherein the resin has a weight-average
molecular weight of 500 to 100,000.

[5] The composition for fine pattern formation according to any
one of claims 1 to 4, wherein the solvent is a solvent selected from
the group consisting of ether and saturated hydrocarbon.

[6] A method for fine pattern formation comprising:

forming a resist pattern on a substrate by a
photolithography method;

applying a composition for fine pattern formation according
to any one of claims 1 to 5 onto the pattern;

heating the resist pattern to harden the composition for fine



resistance. 15 CLAIMS [1] A conposition for fine

pattern formati on conprising: a resin conprising a
repeating unit having a silazane bond; and a sol vent

whi ch can dissolve the resin amd cannot dissolve a

resist pattern. [2] The conposition for fine pattern
formation according to claiml, wherein the repeating
unpattesni fiogmatéon preaenbindn adjaepnteacen of the resist pattern;
fobhgwing formula (1): RO R3 I | Si-N(I) i RZ

(wherein R1L to R3 are each independently a group

sel ect edsubjgetinghethg otgsisorBaterngtof ahyidnsiggn, traatment to
SaFéFn%R/%thw Hhﬂ%%@ﬂ@dgéc%@oﬁmdh 8 nteog[)gtt%‘?ﬁa‘%?mation.
atons, and a silazane grou aving a saturate

hydr ocarbon group having 1 to 6 carbon atons). [3] The

co Si t4 j L.am: j t ;

ol i 1 T8 JhREpbl¥s e Bl FRaRicRt spLotdlio & claim 6,
ki winerein theedieatinainifos Rhei ngaedeningzaise perfornfed under
Th I 1 o I ' accordi ng
toe%ﬁgﬁpﬁﬁebggﬁcgd;?r?? ?eftoga%é %%Beé(gisﬁ&?hgg'resi n has a

wei ght - average nol ecul ar wei ght of 500 to 100, 000.

[ 5fqThe My Of; LI ter i : :
1o e RERTRALbE it AR BB B TRSaing to clim 6
sobweht Wi rairsct%eerinsmg geeatinenbris perdogmedpwith the solvent
copngsi st Of .satair C . [.6] A
relonpad i EamAlg e At Rimistion?T, 1

a resist pattern on a substrate by a photolithography

nmet hod; applying a conposition for fine pattern

formati on according to any one of clains 1 to 5 onto

the pattern;



heating the resist pattern to harden the conposition

for fine 16 pattern formation present in an adjacent

area of the resist pattern; and subjecting the resist
pattern to a rinsing treatnmenty40 renove the

unhar dened conposition for fine pattern formation. [7]

The nethod for fine pattern formation according to

cl AB®TRAChWherein the heating for the hardening is
performed under conditions of 60 to 150C for 10 to

30 C nmet ' p rn tim—r
ac%g?mgd(?gl\gﬂz}il\ﬁﬂg; oréﬁelﬁv(\#elr@:q]'@t hgic?gnsililg\@a ERN
t r EQRMATION ANEX MnEdOm FIOR Hd Ndo PAGRERN d12RMAGdON USING

thf E%%I on for fine pattern formati on. ABSTRACT

Sl 'I_| Al NI NG COVPCSI TI ON FOR FI NE PATTERN

FORVMATI ON AND METHOD FOR FI NE PATTERN FORMATI ON USI NG

THE SAME The present invention provides a conposition

for formng a fine patterpn with high dry etching . )

: dhies PAREEThABVENHErBIOVIes & FORRPOE KON [AE 9ArTIBEn fine
ThatermPastH hegh fary Btdfinpatdastaric@ BRI 8Mme@Rbai foirMdrming
aéﬁey n containing a repeati ngit_unlt having a s

b

P | il azane .
8; fined RAWBIMent THS ROIMP RSt R o diNEor PRGLREN formation
5 Pabheaimih@ Rtredih dévitAthihgeaspdPBeatifigJuhit having a silazane
bond; and a solvent as well as a method for fine pattern formation
using the same.

Fig 1



