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
paTt@i A&H%rture size of an already forned resist
pattern in resist pattern formation. 15 BACKGROUND
ART [0002%§F|ner pattern formation using genera
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phot ol i temg\mtyoaofqreémﬂ atéerrdigrnsatiepeandl a method for
appar at UsstrerfFhrASUDATHSHG iniE bR SLIABNREY fine pattern
devel oped I n recen ) S~ enor nous
i nvest nefarsnafionpdyy Mnhtcétf @r émerapattmnt eannbquinhadein the

10 been st “@Fc?&h thon B?B@g@é Ngf aa f'gan&%t@o&ow UFOLthe Jike 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

conposi tion containhin
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

15 patter n BAGKGRQtEINHAARRe [inmits of photolithography.

ooEogR s oL Rer "5, BB £ PGB "RV genera
exarrpl e, phhmlftd)tlolgmaphg rtechntstﬂldm\navbds\ees prrmméedg Fxposure
(1) a mefhodrdnGkud! B iEQIdRY %1t F5ithatioR?bt & Pattdtfiwith a
pitch size of 60 nm or smaller by photolithography
20 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
25 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
30 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:
35 (1) a method including: forming a resist pattern; then
applying thereonto a resist for forming mixing; forming a
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applying thereonto a resist for form ng m xi ng;

formng a 2 mxing |ayer by baking; and formng a

pattern with a fine pattern size by devel opi ng

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

method for formng a fine pattern of an agueous coat,

5 including: formng a positive photoresist pattern on

a substPHXig é@%@regwemalkyn@ma‘ rfpma@oaum@tteﬁ@ with a fine
pattern e

Bopl y b?ge?*gﬁﬁké%‘?%élég@’ggétﬁﬁ % Inc%‘f [‘é&fl: Open No.
di ssol VI 591@@317)3;rmw ng (lifting off) the positive

(apancsepar menBd, B rhinga A pariste Bt i 2ucous coat,
for achllé\ﬂhﬂ@lnlgédeOfn‘Uﬁglrah@DéltmearTEh@tOIiﬂSIStplll)@ttem on a
W dth of p@tg%ﬁétét s%tsleﬁh'éntla})“ﬂrﬁﬂirﬂgl ‘éﬁ(?%‘sirg e pattern to

resi st ern ‘contai

an acid elmbwﬁagaﬁpm‘smaélatmn,h tbeneﬁvgnI‘,coa]wmlym@gthereonto
mat er | a'aﬁhé‘gu%%skbgﬁsaml ||ﬁcIU3ﬁn§. e&l@@&ﬁ/lﬁé Qﬁd removing
aci d; genera %an acr'd € resrst pattern by

heati ng Oiftisgpo&riée posm\mgphatoee&i@aww’fg anagkkalingf aqueous
the resi '

|nterfac§(SI i%tr{ g@ar?eﬁgéﬁée@ﬂﬂgg% atter rl}l'o??arl‘?)1214),

Pat ent L@3)d-a0peathed foroatzbmm)g rzelitqrzt)ora mmtl"hxbel di@meter or
form ng tter I s

bat tern PsEhFIdH BT resity Hot@In, ARERRINGE cdldndl a resist
wat er - sopattleenmmu:aimnlgu agnag@nal that genarafiessain @glié through

resinin ) | ]
[SEL | AR EICRN B bGP £hEeri) that grpssinks
gl ycol |iuthe presenge26f an aeabtgenerattmgoa@ranj@ ini the resist

2 nydr oxyabdth, 8] Sty B LBk, Sorathel 998N cBEARY Tayer

and for ttenonas e'usin
cheni cal ofy theptdsistepatieringta arosslimkeédhdagear in the mterface to

aci djpfoﬁﬂ?ké‘ﬂ ﬁ?{g{a?|§thﬁ5t rﬂvpﬂfd%éﬂaerl?%‘% nte\_qld Open No.

coati ng m of ter or ning rraerla
form ng BO-A39a7¢r -i nsol uble reaction Iayer in the

T o b BaLe HBpl 6 ERIAD £ELERAERY, HARGRR Bfeparing

unr eact ead fijoe tpaticoh forenioganmatgerial 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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filmw th an agueous sol vent (Japanese Pat ent

Lai d- OQpen No. 10-73927); 35 (5) a nethod incl uding:
swelling a surface |ayer of a resist pattern by

perneating thereinto a chem calz solution 3 containing

a crosslinking agent and a smef%ing pronoter, the
crosslinking agent bringing about crosslinking in the

pr esenceCoitaininge ad¢rasstinkgrgriagg it @nd s swatkiag fromoter, the
the swo : c I 1O A ras ; ;

form a seooqiniingcdetts; piingig [ #Bast RIPESIMi in the
Lai d- Qpepregence00f-an gddg)and dpreningt acerosatinkedngim in the

COVer| n.gsv'@ofléﬁ'éﬁrf@é‘étlggar"&ﬂﬁ}@ r%%i‘sftpfatwﬂ?rtolﬁfﬁﬁ a second
contai ning an acid coO nent; fturthér Tormng thereon

a secondragipler ppiiern colapantssyy Rabert c Laimiipemt :Na.o 2001-
then di f%@éh@g t he acid conponent and the basic

componen in 3’thefirst resist pattern and into the

first upfferalmpgshpd inelpbogi eavering aheegist pastarenwittoa first
forma s Ly ! he~resi r i ;

neutrali gbﬁgftlhzsgcc%ogxggnébgnghtgc@w ?gﬁi%de}?%itgl f:hrtH,@P fﬁrmmg
conmponenthéneopr axdadongd uppendayar ephieining cbaskenontponent;

first an | rs: :
sol ubi | ighe @3@@%“@8% uc§ ﬁ@ﬁ%ﬂg@ﬁ'ﬂﬁd ?ﬁg l?%‘%gecomponent
(J?Eagefsmwatf@e]_tflnsai bl?S_(qs"erpa‘tlberrE(Hnd lota ) f(rlsy wpper layer,
met ho i . _

appl yi ng&rasé:e?atl[p %r@n”gé%%!&t%ﬁ’ﬁér”tgﬁ_‘g?@na 5?’?%%&"2@9 layer in
resi st e pasistr padterm,awltild enautrphlizinigaltheuatcict ecasnponent

? resist, gl tern tié’gigggoﬂﬁ)@nérlhbsih@l%bqﬁﬁ‘ﬁ/ CQtthe interface
orm ng agent contal ni ng copol ynmer "of a
( met h) achgtweencthk finsbn@nd asecendvaipper dayeis;eandnyeémoving

noNomer ; d . i nkjng «.h St

addi ti onta hseglt%?)ﬁ]%;{% ap@rée?’setngiegaﬁﬁeLaﬁh(f? a\)ﬁe(ﬁrhnégp/ I\F(?.e trace
2003- 8448parase PaYert haidhopeoNof 00 Ihd GD428);st

pattern, ~4\ncl udinog: ' a.s ctant. jni i o
sol uti on(pﬂt%ngé%sq J?nggbﬂgpn? ghg?t'{wﬁgtaé%%&ﬁg |'?19:Iud|ng.
t her eontapplyirgi 8t cpat t @rminghiagenti figr nat formaiing finer resist

cont ai ni g heshib A RoRUoEASAAMI 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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30 (Japanese Patent Laid-Open No. 2004-191465).

Furthernore, a finer resist pattern formng

conmposition named AZ RELACS (registered trademark) is

sold by AZ Electronic Materialhs. [0004] These

met hods, in general, can easily forma fine 35

pattern that exceeds the limts of photolithographic

resol ut i patterovaizerof b0t phenpalierctends taetause wefects and
a 4 pat niish ze OfhSdrl d S

def ects gﬁéd “It%fe |?&S?&?ﬁg} em)re, ﬁggaﬁeﬁﬁg@s@i F?om .for
had r ooninprovemendy emdarticeianly,cu@sr By cuasent ctnenght a film
trend, Y hi.ck ISy T .enh I PP,
resist icklibss N6 IRCAE, R SAHACIAR AT sensitivity
m ni mum Hpwaver; bkhbisscase atirgsinigubst fiknethigkness of a base
soneti meg (oY chi - j ature

1] apancd etk MeT S imE IR APcRE (EPtthir. 2t ure
166717/ 1F5senbdtitenature e alapangse Raienedaisa®@pen Publication
Lai d- Opep~Pykid i 10 No. 191214/1995 [ Pat ent

Literat uIS(e)' %éﬁlz}a{‘r%?sbe?’ Patent Laid-Open Publication
No. 73927/Pedest [Litsrrahurea i depanasesPatrriarziseOpaneRublication

Lai d- Opeg~Pykyi i No. 2000-267268 15 [ Patent
Li terat uIS(e)' @1%:11342{‘&?%5 Pat ent Lai d- Open Publ i cation

No. 2001fPaientd ifevatune 1) Jepanase Ritentgsmids@peat Bublication

Lai d- Opeg ~Puhid [ No. 2002- 6512 [Patent Literature
7] Japanggéwggtzéﬁlgg’ﬁ d- Open Publication 20 No.

2003- 844BateR4tidheraturerdl Japasesd Ratratd adt@pen Publication
Lai d- Opeg Pyl £ atd No. 2004-191465 DI SCLOSURE OF

| NVENTI dq\loz?wrgl@%gg% BE SOLVED BY THE | NVENTI ON

[ 0005] | [PategiitLibérathee drobbpaneseRatebéd-aidoWpenaBublication

obj ect of, bR @¥ffYginvention is to inprove the dry
et chi ng '

[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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resistance of a finally obtained pattern in very fine
pattern formation. 30 SOLUTI ON OF PROBLEM [ 0006] A
conposition for fine pattern formati on according to

the present invention contains:ga resin containing a
repeating unit having a silazane bond; and a sol vent

that 35 dissolves the resin and does not dissolve a

resi st ppresani. inveodor includesod for fine pattern

formati car ding the se i nyentd

i ncl udegfbrf@?]% ngéla Egss,lfsgt Egtt efﬁn oanna éubts?'tu?%ttréatgy aby a
phot ol i t pogtcljfhparaphydnesbodyi ng sai d conposition for

fine pat £ or pat g t ~rReat ;

the oot PP dcFad, Topdpagitian K0F Ak Faftsrir Roridtion onto
patt er n the patiesn;present in an adjacent area of the

resi st ; X ; ' i Sy 0t o ;

2 T nsi rieeog s PEGiSt PBerr o HAF RO cipdsiBottor fine
conposi t parterarfornatipat prasents ior aat fdjncerrtFracTa of UHE resist
| NVENTI 8 e present invention provides a

conposi %int%?ﬁf]anygrm ng a fine pattern with high dry

et chi ng sejestingcethndresistispakenodtéoa pamsiggn treatment to
formatio Wale) %ﬁ[ﬁaa ] onﬂﬂsi 1an

for fi ne'répdgt%t\/gr n&r%rma |orrq%%%ggorcgﬁ{n%6{]§o®he pr eggﬁt pattern
i nvent i ofprmaatianbitrary material for forming a finer

resist p Thus, a finer pattern

Wi th hi ﬁF%IF%?e(?gmﬁ% Iﬁg}sﬁ\i ﬁlc\:le can be obtai ned for
20[@008( se resTRe paesenthsinvBREiBM DESCHIET| aNcomposition for

showi ng 9" AITRLR Tk, paptere R RIGHTAEF ERIG Besrance and @
to the pmetbod forveatteon formmtion 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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EXPLANATI ON OF REFERENCE [0011] 1 substrate 2 resist
film30 3 layer of conposition for fine pattern

formation 4 insolubilized |ayer 5 adsorbed resin BEST

MOVE FOR CARRYI NG OUT THE | NVENTI ON 35 [0012]

Conposition for fine pattern formation A conposition

for fine pattern formati on according to the 6 present

i nvent i opressitaiméentieastantainsadni@égina cogpemingga repeating
uni t havj, . t hi t ;

i1 azane Mo Aving &£ SRa2ane, ppia; "1ny B Pohtelt Ahe silazane
bi ndi ng hond Mmeatmsr anrbi-d Baad; ehickrhpai argnarfes binding with
substitu big.rar t & Qﬁﬁf’c’é I

t he subs%fifie rﬁ'ﬂs a Hdrtbreenr)égﬁgﬁﬁﬁgdlré?&% b%n gro @ by an
However , altb1'é’af¥rm$lm$tgtueﬂtns még kﬂaersejrtaéutbeecsmstatuent is

sili con- ﬁg cfdéH ¥ er‘g}m'o%lrﬁonfé‘lqu.}ﬂ onﬁbv\@@ptﬁg%mammg

as a hydrox amno
lvbreoverarmlsemaefpb@t sugsmmttedhby a\mllmnmamlng gn@up or a

When t hefdﬁﬁﬁ{én;@—o‘ﬂ{ﬂmugﬁsﬁ Qf@ﬁda@fxg,t’éeca&ﬁ)@yl,t 8€an amino

resin can assu | MEnsi on _
t hr ee- di gemgh.onbloresvegcthe eep{aat»mg]umrtd"im floeor more arms.

exanpl es S
Fopr sonlerERE, feddRfiq (i Hi thifdk drligfeatisitne resin
Si-N (I)CanRZ assumet ha f dwoendimeRsiaralR30ar etrn"aehdlmensmnal
independ ¥ @ group sel ected fromthe group

hy

conS|st|ng o] drogen, a saturated hydrocarbon group
hal00y31 to 6 Rrefprablet ex@mples of suichzanaepeating unit can

having &34t 4& 3hEde PeRrRSERRAN b PR formula (1):

&5

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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20 1 to 6 carbon atons. The saturated hydrocarbon
group nmay be any of l|inear, branched, and cyclic
hydrocarbon groups. [0014] The resin represented by
the formula (I) is generally called polysilazane.
Thi s pol ysil azane can assune a’/two- 25 di mensional or
t hree- di nensi onal structure when any of R to R3is a

si | azane (g1 epéﬁaenkgﬂ-@?%)fwe ésorlfér#éatﬁﬁ% units and has

Mor eover, two o nor e r epeat uni

r epr esenh¥drogent ae tHHsuBh the ensh al'ri?)di5 u@r&magp@@d;ysnazane
[ 0015] n h oRnsy n

of 30 onlawcé%gcoﬁ §ﬁr|t6r%§ éﬂf&@%éli él gen @ 6% %hé Fatio of
pref er ath@e repsating cumtiufcqntalrp@d hy ﬁbpﬁ?@mﬂ'%’z&hé followmg
resins ig t tmula (1), wherein all

of RL to E%]a{}fé(?%ﬁﬂ 5¢ e%érhpﬁ?égver anot her

per hydr opol ysHazanH has 7 sl H2NH) and -(Si, H2N) <

as repeating ugfts apd A hsidelgen or -SiH3 at the

end. This perAydnepolyer Fazghe may; KRpsune various
structures depending d¢h the|ratio Q)f t he repeating

units comt Hined, Stblp exahpbi, the,N@J\I owing 5

structure can be eXﬁerHfl eHNH2SH2 H2 H2  Si -

HN(r) Si ™ N,, NHSSH I IHRH | | 2 H25L ,.SiH
HRSI\ 2§I‘H »s?ﬁr AP Sz H2Si ~Si, i N N [0016]
The nol ecul ar \/\Elnlght of such a resinis arbitrarily

sel ected according to the type of a resi st used t he

oy EPQTELR, EGG T ioIpshi, §reiniE 0 S g, ¥ G, groierarily
10 000, helactedwasordingvsd ghie type afja n@ﬂilst:luls&ld the type of a
Wei ght.  hattern 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. For Example, the
following solvent can be used: (a) ethers, such as dibutyl



[0017] The conposition for fine pattern formation
according to the present invention contains a
solvent. This solvent nust be capable of dissolving
the resin. Specifically, it is 15 preferred that the
conposi tion should be nade uni Borm when applied onto
a resist pattern. Thus, the solubility of the resin

in the Setwﬁrnt b%iﬁré |e'etﬁbrqu1éwlh%tﬁé+V%'éthyl -t-butyl

di ssol ve

uni f or m ethmr t(MérEtE)aeanmamsol,f(h)héaamamﬂthyd\wmrbons such

appl i ed t si st t e, S _
pgltotern Sghgeeg{nﬁ i pe%ﬁgﬁﬁ%k R bgftgpé %M?e%(érﬁ‘@ i-hexane, n

eSI o0 neke e conposit

bel ng

finer. Th@pémeel hetptaaer éq@ct@lme,t hractame, aomeeane i-nonane,
shoul d ngt I u
"1t ALl ae) Kaedine sa) BRI RIohexane,

erred hé solve

with t hecycl@ﬂe\anezar[d)ma]enth@rw (\rérwnsatatram fw&rocarbons,
used in Epéhpé§562&|o'h'é¥<§§1té OBipdife @'ﬁh@ﬁéﬁé), (d) ketones,
e SO ent

arbitrari
requi r enBHER c&Sscmei@(Y| abeatutyAl tl@tﬁaﬁl vid1BK) he(e) aromatic

|
fgs?/(namuseg ?ﬁz?rb'ifﬂ e‘:ts‘?.%hacﬁ’rg)'e'ﬂ\%eh% “ES‘JG\JELS Obfylbg% ethyl
10so on. Fbenzgaﬁpuﬁe

used: (aje ﬁés @Yéts & basyen? s%'ié‘(g&ad( [ﬁ’g}n nthe group
di pr opyl dlet
( MTBE) , annsaﬁnnrgoof e(c prs ang aatauratgzdrro\tdlrrof@fbon:suapeaﬂcally,

as decal Hfbut‘% %ec%?r?nd ddU e R EnféRly 'apifiitiliffe even if
-0C

y as

a resi st nateér
vk bemzesie, otimetbyl \kenzens, gad triethyl

ét her, methyl-t-

hept ane, -oc

i - nonaneth& tmpee@fatime resureoaraere@shynatgmalohémaﬁe Thus such

15 met hyl %8&)‘%{%"&&0% éﬁé?éﬁl@a”ﬁhe%‘%o‘i\{é’f?&t 839%1séBe used in

unsat ur a
d| pent eneombmahu@me@f twa) ok B @ieeef thgtmhfmceésaw

ons such as C ohexane

ﬁU ket on?hé'\’é%osﬁt‘?&n FoRRhs ﬁaﬁﬂéﬂ%‘?@ﬁh@%% according

as-benzene Xyl ene,

d| et hyl t@rthenpresemmmmtm@rmt@lnsrtbet resinhgissolved in the
benzene. 5%% Ph&olc %QE{\%FAt‘?&ﬁeﬁthé’S?Hée r%touBartlcuIarly

consistin

et hers an ur at ed rocar bo

203pecuf|chm|ped di t}dmwlever,heth@ndonéeatramoraréan be adjusted

25

30

35

ext ensi Vsbﬁrﬁgﬁ&é‘ bLecSHRAg! EH] Sﬁbﬁg‘lﬁgﬁ%r%ew& "$ito"a resist

or a resi

varil es:
surface, the deS|red amount of pattern shrinkage, and so on.

In general, the content of the resin is preferably 0.01 to
30%, more preferably 0.3 to 5%, with respect to the whole
weight of the composition.

[0020] The composition for fine pattern formation according
to the present invention 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
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15 solvents are preferable. These solvents can al so be
used in conbination of two or nore of them if
necessary. [0019] The conposition for fine pattern
formati on according to the present invention contains
the resin dissolved in the soBvent. The concentration
thereof is not particularly 20 limted. However, the

concentr ghi SHYCBF‘ Rt adp h%@@l‘é%ﬁéﬂsa ?'dévr"f‘%oméngrt and

to applying properties onto a reS| st surface
desired gadvantion b%ﬁlﬁ‘érfﬂr@ﬁKIQﬁka@@thQﬂﬁj ke@wh.in the art. An

general , aFB‘%réﬁ‘éf‘ spf ﬁég%ﬁrﬁsbg&'e?a y e P! ¥abh Obe used.
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t he whol Morgevesi gnv focctrneermbcn@@lsmetb@dS[lowwp rrhéhe art can
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t he present I nven contaln
addl ti vegorrmmmoesfo(ﬁfﬂ@@@latéam formatloncl ude

SuEgRonRNt S, TRECIAGRROTEE Sind Ik iebAT bPhion Aarding to

h d for |ne pa ern I on convent|o
rret hod ktiwprEﬁenhenuentlpﬁ wikbeadescriped deelomowith weference

pattern deeatvinﬂE]paCC ‘%h%gdteggﬁﬁﬁow Gy, | AV SN | Qample, a

except t a co Ion fo tern’formation
used i s I’¢$1§t panr is ormed Wltlhe'il’péﬂ‘Fé’leﬁIStor mati on of

foﬁééﬁe”t 35F¥G‘Se” t(8}1 tJhg%Q aﬁé‘of% elgs%?I E@hematic
mng-a resis n resi s or mat
rret hod udiagg“améogad@'scmﬂyng abmeihpdoforcorakdngi anpattern finer

phot or esb§t a§m\eﬂ%§o% .{%e Ut fIRQBER ébrﬂnféﬁﬁbﬁbn of the

formation wn ' n
resi st paresemt gevendidry osedheanrewtu@@dtternvbﬁ@n‘aee, Each

ioed as_ 3rAgle ST RN B ATRrabe 1 d ResE dittefTRer A Frace) 2,

conposi t Bdayeor3 DfmemeﬂIhoﬂcfnlra‘tln@rpatpe)mzﬁq)rnnlaélon and an
o econ: | HRBigRR, e M R RO e form.
ref@P@dde to HBiraki rysregist t (@ gdeschemically bemplified positive
?25$§?@F§sisﬁ idGpsFed lomd PAidstrd TEYobENpfcéided, for
example, a semiconductor substrate. The resist is exposed
and developed by a usual method to form a positive resist
pattern 2. In this context, the exposed area of the resist is
almost removed by development. The characteristics of the
inner wall portion of the area from which the resist is
removed are different from those of a totally unexposed
area. Specifically, compatibility with the solvent is
enhanced. Subsequently, as shown in FIG. 1(a), the
composition for fine pattern formation according to the
present invention is applied to this resist pattern 2 so as to
cover the resist pattern 2. As a result, a coating layer 3 is
formed. A resin 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



[0023] FIGS. 1(a) to 1(f) are respectively a schematic
di agram for describing a nethod for naking a pattern
finer by using the conposition for fine pattern
formation of the present invention on the resist
pattern surface. Each 15 draw h@ shows a substrate 1,
a resist pattern (or a trace) 2, a layer 3 of a

conposi t kQa reeys theF'IG F’P@t ] nﬁh‘éfr{rf%'eoféa@tftﬁw Between the resin

i nsol ubi l'i ze schemat i c sectional diagram
form [0024] the rgslsté\ard!;y 9CCyEs i thenuifregsd area. Thus, a

anpl i fi eghqpﬁﬂgécgu%mieeosuégér i$ f f%lPFHécPd ORt fhé other hand, the

substrat ] grocess exanp
seni condtie@etiosube weee thme'ersa%mdutbeeigseédeawbv occurs in

gdevel Opeg h8% ﬂ% ! %?t&oﬂwtpﬁg&@ﬁfﬁftd’?ﬁb%)‘(ﬁeééﬁ'ﬁea (e.g.,

pattern ext t ar ea
resist i §heasld@s®f tlaerd\raaebgz GE&ellaanﬂitus Théhick insolubilized

charact ey ?e%r‘ ¢S fo*n’{e’t?l Shgﬂo}—ﬁ'r tH‘@'éJﬂ?‘iéﬂl@ﬁ‘ thBeréa&don, an

from whi c he resi st renove erent from

those of insalobilized ulaygoset iar ebernspdci (hl&al | f(e)). This
conpat i bihd dIYJbYI’lzte%tlazels% ”Fay) r?'WﬁlE‘heq:he resin physically

Subsequent conposi t
10for fi neaﬂém‘beﬂ o rimet IFUHah(t”@S stg*fa@etlﬁdaerpm@am not only

i nvent i Oﬁhﬂhostr‘?é’%b%@ élﬁfé&& %éftea?bétlnf’@tthﬁtlﬂt&r‘?é% @159 of the

30 cover resi st a
| ayer 3 'res'stoa'ﬂddth@nrmﬁqhuwlnzadtheAcmrpi:lagw,ohhespattern is
physi cal NEOa t te

appl i cat Fﬁﬁgﬁﬁ o g It i ecied e AbbEbb Yol ke pattern
resi st sfofraations capmerb;eea:eempved obyhe Figsing treatwent with a

15the T esi Shddind BhGinlaSler pfekf (FIGE LR ext, Lhe

perneatlon esin an reac en the

red002&1d the Assidesciizecr ab@tved lbpehelawlm@ll;tz:edttaé/er 4 is
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resin and e resi occurs I n the unex

area. Thuesish pathern Ktrma) |tozt§teneayeiessenfmﬁrwdtr®between

t he ot he hepar |

the reo ShEdRdeps/CAs FIEEURG (R BRER 28 Ot Mlferture size
20proxi m t pftihea wesistppatirar ean(begreductercé es‘feletwlyt he form a
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[0026] A radlatlon sensitive resin composntlon that can be
used for forming the resist pattern 2 may be any of
conventional radiation-sensitive resin compositions known in

25 the art and publicly used. Examples of the radiation-
sensitive resin composition can include: alkali-soluble resins

such as novolac resins, hydroxystyrene resins, and acrylic

resins; positive resists containing a quinone diazide

compound; and a chemically amplified positive or negative

30 resist that generates an acid through light irradiation and
forms a resist pattern using the catalytic action of this

generated acid. The radiation-sensitive resin composition is,

preferably, the chemically amplified positive resist that

generates an acid through light irradiation and forms a

35 resist pattern using the catalytic action of this generated

acid. Many resist materials have already been proposed



i nsolubilized layer 4 is fornmed (FIG 1(e)). This
insolubilized layer is a layer in which the resin
physically 10 adsorbed on the initial resist surface
I's perneated not only into the resist surface but
also into the internal region bt the resist and then
i nsol ubi lized. Accordingly, the pattern is shrunk.

Final ly, ahe a¢ar aaef %n‘?ﬁf&?@ﬁdlw A diblé] ”%r&atéfertﬁﬁse resist

formati on can be renoved é ronsing treatnent wt
15 sol vefatasiayptknowa i {Be @rattaafinpwhn@v ygegymay be used.
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is formed mainly he si etraceln

surface appdlﬁatlonem%tmgatareﬁxp(qweemez 8, thbpKiyyg method,
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pattern &agthad rC@du@@dUéﬁﬂeaﬁa/me,slstopﬁbﬁamaforrreat@n method

pattern Sif) the BdORIsd AV feaRe cumBsition.

0026 radi ation-sensitive resin conposition that

carl0® 7]used f &f ther methodhkor @gttﬁrnpfégrmtﬁoa 3RaPEiNg to the
any of ‘b‘?@géﬁf'|H0éht|b§d'é‘ﬁ'é’g?|tsc%ﬁ%fé \f'@ef dn for Lxample, a

COﬂpOSItlonS known 1 n e y use
10 Exanpl es Spintoeatingli SProw=CoatiRg i Imrnee*§|qn-@@|af§m,t iQdn roller-

can incl %gt'r@l kpddthdR, U ghveétidisally Y 2 F&”%?ﬁlymg the

reS|ns yrene resins, and acrylic resin
pOS|t|veradl§:itBTtI’S'56@ﬁttaY¢n FeSia @mnn@astmrhzrrw be used as a

COproundn% & ¢ ﬁ?ﬁ?@i%)ﬁﬁanil‘?{éftSHw fabhvefo?g fine pattern

negatlve resi s erates an ‘acl
l'i ght irfe@mnatiosn qnahef@reﬁserat riey¥ertiopat t Ehe @Pphigd coating

15the catajyd Ciatparel, tl\a'ﬁecéﬁlé‘?"?attsdf&?h O\:hqf hﬁg%r 3 of the

adlatlon sensitive reS|n t on () prere
the chenicompysitiop |fpre8nsosnattarm fosmationat Heat treatment

255 T eoPofidng foR Sy OBY e ZBNRhOORCA fof TfE pattern
gener at efiorragtion waM9lweasuf@t esdenla) sa htemparatag of 60 to
Xﬁe”ofr?ﬁgﬁ@{ é:’]rlef@% [gpf‘&f‘l noméﬁﬂaéltym%v@" 0 @i‘?éeorder of
20 publ iclyliséa a8 secosds, pnasesallyr 60akp 320 seconds It is
ﬁg[“égg“ gﬁétéx ogﬂﬁg‘cﬁe gﬂiuﬁqﬁ( Iagoéﬁjr HRWSEAH tRR resist
pattern and the layer of the compos:tlon for fine pattern
formation at the selected temperature. The film thickness
of the formed layer of the composition for fine pattern
25 formation can be adjusted appropriately according to the
temperature and time of the heat treatment, the types of
the radiation-sensitive resin composition and water-soluble
resin composition used, and so on. Thus, these conditions
may be set depending on the extent to which a resist
30 pattern is made finer, in other words, the extent to which a
resist pattern needs to be widened. However, the thickness
of the coating layer is generally set to 0.01 to 100 pm in

terms of a thickness from the surface of the resist pattern.
[0028] Furthermore, a solvent capable of less dissolving the
35 insolubilized layer and highly dissolving the composition for

fine pattern formation is selected as the solvent used for the



5 a devel opnent nethod, a devel opi ng agent, and a
rinsing nethod can be used as a resist pattern
formati on method wusing the radiation-sensitive resin
conposition. [0027] In the nethod for pattern
formation according to the prb%ent i nvention, an
appropriate nethod, for exanple, a 10 spin-coating,

spray- CO?HS‘W@ ﬂréHﬁh@nQ%V%hldﬁch@ﬁné@ldtﬁrzé@%'y@g 4 formed
nmet hod, conventlonally used for a

radi at i oRYsBRaLING,ds rlek in @@ﬂltoﬁ'é% Q}%’;ﬁa&ge%@y%’s 3q0f the

met hod fanﬁ%’ént’bﬁgféPeﬂﬁé’”Pé’?chhofbrfn%tlbhnﬁs n@trﬁsoad It is
formati on of present i nvention. The ap

coati ng DSOW%\PéEfQ'@eQr@I?&k@tﬁ SprQ‘Retc\éi%%@r'? t"ieb Cpé"r‘PrQS|t|0n for

sthe layefingd ohaithen FoPRRtidnA OBhDAId f bRe Bsédenn the rinsing

formation. Heat treatment conditions for the layer o
t he conpé'éﬂaﬁn'cbﬂmf .or fine pattern formation involve,
f or[0@2 aTh%”P?éé‘éHf eTn(?fanfﬁlgnt will 1§8Cde§éﬁbéaaBb}’ow with

80 to OC and ime on the order of
seconds r@fﬁé’\e@ﬁﬁkﬂWGBGtheiQO"M%Y\%ﬁst P—taf'rl%eCtS Of the present

prefer reﬁw\ié]‘?ﬁoh'g Hﬂté@‘?é'd’hlg%seb@*é\ﬁﬁﬂ ekhe

rrﬁ‘?ﬁ(h
resist _pattern an | ayer e conposition for

101 hE0g&dt ern Refergncg Example de| Lanfirmatign, of ;shrinkage of

The fil mihelResss resit the dhmeditidy eicrdihe Ao the present

conposition tor fine pattern 25 fornati on can
adj ust ed IRy@Md@Ri at el y according to the terrper ature
and ti e pgiydileaheaimahafdcRrkd bPeAtZyFE?écﬁbnlé Materials was

radi ati on-sensitive resin conmposi t1 on and
wat er - sodiggadved egitn acoﬁ%@emtraﬁoase@f anRroadmately 10% by

15 Thus, th@\?&ﬁ\/\ﬂﬁ?”ﬁ'\' digaey! Egﬁ(erbearﬁftfllﬁ'@r%“%h'ég r@@ult%ﬁt solution

25

30

35

extent t Ich a resi'st tern 1's made |ner
ot her woklEoughea thQﬁﬂthEOl'/\hfllmrato ISP epat ﬁ@mpOSItlon for

needs to 'ﬁ% &%pﬁq: er, the thickness of the
i r :
coat i ng] ayeer%l S ger?era y set to 0.01 to 100 Mnm
f

tel@93dfl a t hi Bthedbef r eehe hand,acenof Arhe er§$$tlst (AX1120P

S.""ééﬁ{C. g e oRea B TR e § A7 Bikctronie

0di ssol vi Mpten@lgbnpaadt i 8n ko freﬁestpat(tDéﬁZ QPrrat(F@@!'Stered

'terﬂr:ﬁthecﬂié’}@ﬁHi‘f( ﬁﬁ’éHﬁfﬁ%P?g& \: Ze(z fﬁeé@onﬂ; Wéfégmls) were
separately applied to silicon wafers. The wafers were baked
at 90°C for 60 seconds without an exposure treatment to
obtain substrates for a test.

[0032] The composition for fine pattern formation was
applied at a thickness of approximately 120 nm onto the
obtained substrates for a test. The substrates were further
baked at 50, 70, or 90°C for 60 or 180 seconds and further
subjected to a rinsing treatment with dibutyl ether. A film
thickness was measured before the application of the
composition for fine pattern formation and after the rinsing
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



by heating is left intact and the unreacted |ayer 3 of

the conposition for fine pattern formation is

renoved. It is nore preferred that the sol vent used

in the conposition for 5 fine pattern formation shoul d

be used in the rinsing treat t. [0029] The present
invention will be described belowwith reference to

exanpl es o jdae viife §'h€hcﬁ??ﬁ§é bhéxﬁbgéﬁ’é‘tand development
i nvention are not |m e hese exanpl es.

[ 0030] Rérreat@mrétseiaa(ngsuahae@ﬁoachﬁ itonPERP TR tfﬁl’é@j’e patterns
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for fi ng t

an Ar FI reS| st (e\k%l%o%@@g?g%lds??%?ikﬁ% 2%?{1; ¢ hAes ' dliputy
manuf act etlear fgr A seeendsmnd then apierdred)toaabtaingstterns.

resi st R I r
by 1AZ EI( g}c roni c te?)?c:#r?%j %ﬁgﬁ%ﬁe\ggea@%%aéiﬁ fz forettand
ime pattern

60 secongs-HhatbAUtWRR X %%geﬁggg ,[hERIAE Leanfiia! ricroscope

substrat es a test ositlon

fine pat (erticabdignensionas th‘-ﬁrl‘-?%@ﬁ,atl’nanufﬁ@klﬁ@dsbdf Hitachi,

appr oxi I y t |

a test. nﬁ%e )SB%?(’%re;a\t”gggv\@rete% o@ﬁf@d?ﬁ%wiﬂ?é{;és() O%rbtalned

or 90C fﬁes@lmsﬁfelsi’mwedﬁnwlanb further subjected to
[bp gtrea th di butyl ether. A film 30

th| S was asure before the appli catl on of the

conposi t :
rinsing -n—1§-rq|- Hj
t hi cknes
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Amount of shrmka_gg(nm)

These results demonstrated that a trench width is reduced
by 16 nm by a treatment with the composition for fine
pattern formation according to the present invention.
[0035] Example 2

An ArF resist (AX1120P (registered trademark);
manufactured by AZ Electronic Materials) was applied to a
silicon wafer and subjected to exposure and development
treatments by usual approaches to prepare a trench pattern.
The composition for fine pattern formation prepared in
Reference Example 1 was further applied onto the pattern.
Then, 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
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



manuf actured by AZ El ectronic Materials) was applied
to 13 silicon wafers and subjected to exposure and
devel opnent treatnents by usual approaches to prepare
trench patterns with a 1:3 or_1:5 pitch. The
conposition for fine pattern ¥%brnation prepared in
Ref erence Exanple 1 was further 5 applied onto the

patter nsyitthef, 14H9) “%eiaﬂcéﬁ‘l%rté %%@hntggﬁs‘rﬁinl@é’?e The

seconds. Subsequent’ atterns after
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subj ecte liﬁg@giggo%ég %%@f'@“eg ot!grrecﬂr?t V@%(?é(elgﬁr;t‘ér%tns d&; etening

usual appeYstdnRee.to prepare a trench pattern. 25 The
gconposition for fine pattern formation prepared in

Ref erence Exanple 1 was further applied onto the

pattern. Then, the wafer was baked at 90C for 60

seconds. Subsequently, the pattern after baking was

subjected to a rinsing treatnment with di butyl ether

for 60 seconds and then



30 spin-dried to obtain a pattern. A trench w dth of
the pattern was neasured before and after the
treatment with the conposition for fine pattern
formation with a length neasyrg ng scanni ng m croscope
(S-9200, manufactured by 14 Hitachi, Ltd.)) to
cal cul ate the anmount of shrinkage. The trench width
was changed from 142 nmto Q_-'Alglﬁ and was confirnmed
to be reduced by 15 nm [0036] Exanple 3 5 The pattern
treated with the conposition for fine pattern
f of rht i of, carnpenritie febfiienpatiarnsiarmpadon, cam@risieg: a resin
pa : 0 r I
P LRl iIRbR TRl it Moyl % SHBpHRL gy spe’ solvent
mawiielt canedissg e e resiicand aaenat disselve Rergsdst patiern.
10 treated with the conposition for fine pattern
formation according to the present invention renained
nuth] Thilke conpexsitioer forr Giacepatien tfissnatigosaccording to
fog i p i MAas f 0 :
Aok P EFen AR, PepERuEC LR HAVIBY, o stzppg bond is
[ 1reprasempedihy dheffoHoning fpamudar(Ijor mati on
conpr i Si1n%i aresin conprising a repeating unit

[ 3I zane bond; and a solvent which can
di ss I\Sq_tllTe resin a% cannot di ssol ve a resi st

r . 2]} The co Bsitionfor fine pattern

formatipgh acgording to claim1, wherein the repeating
unit Raving a silazane bond is represented by the
f ol j f gt 3(L) : LoD A A
(V\hé@@lléhgalﬁt g'lbl Rg a‘lf]%ee ggﬁ%%%%%@%ﬂ%yé agrgdru upelected from
setlee tgrd upr eonsisting 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).

[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



the group consisting of hydrogen, a saturated

hydr ocarbon group having 1 to 6 carbon atons, and a
silazane group having a saturated hydrocarbon group

having 1 to 6 carbon atons). [1& The conposition for

fine pattern formation according to claim1l or 2,

wherein the resin conprises two or nore kinds of

r epatlierngfolimatio marieagnt igiamagdhec®ahared 4f theeresist pattern;
cogpgsition for fine pattern formation according to

any one of clains 1 to 3, wherein the resin has a

wei ght - astebiggéingothe uregistvepatierof tgoa trénging, dweatment to
[5 ot [ i f ' :

oresTigec A BB LA cArpsRRS FE A FRicenR fomation.
solvent is a solvent selected from the group

cops| sti-Pe 4hethQA foR ¥the HatiahP doRH At RTAEREDrd RG] td claim 6,
e d for fine pattern rmati on conprising: formn

a wéwirein pabheerheating dabstthet ehagdeninghoisol Perfog yunder
oL gtbY 609 190PR IR 1 @ Ro R0 ISR B! t e n

formation according” to any one of clarnms™1 to 5 onto

the pattern; heating the resist pattern to harden the

co si t4 ' 1 p : in
anrg;gj actﬂ? @%Qggmrh@n?e@%étt@ﬁaf{o?ﬁdﬁa%ncgro‘?aﬁ{a tb"claim 6
subf ett whgrele thesrissingtreatment ds rperdornmpedr withrdhe solvent

to : Lt 0 j attern
t or SBfATBEE AP RIRAEIAEn RIS etk Clorrbailt o1
according to claim®6, wherein the heating for the
hardening is perforned under conditions of 60 to 150C
for 10 to 300 seconds. [8] The nethod for fine pattern
formati on according to claim6 or 7, wherein the
rinsing treatnment is performed with the sol vent
contained in the conposition for fine pattern
formation.





