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1 SUPERFI NE- PATTERNED MASK, METHOD FOR PRODUCTI ON
THERECF, AND METHOD EMPLOYI NG THE SAME FOR FORM NG
SUPERFI NE- PATTERN 5 TECHNI CAL FI ELD [ 0001] This

i nvention provides a nethod fof formng a pattern,
particularly a nmethod for formng a pattern on a base
substrate in the production of sem conductor devices.

The RUBERSENE-PAIEMRNADaMAS Ify M HEO [ MR RROLYJCTION

f or p r k '
o R EOr A IER B SRR ) ST roR FORMING
produci ng a seni conduSX\HPEREINEePATEAERN m t o be

treated (for exanple, an insulating filmor an

el ectroconductive film is generally forned on a base
substrate. An etchi ng MESKNIECAlFdEHDon the film and

a pattern having predeterm ned di nension and shape is
formed by etching in the 20 filmto be treated. The
abb¥@0pdocedurthiss inwpasiosd provides! ia ymeshodi fes. forming a
[0 St fof ' (NP L ARt
beBgﬂeeIJgtr’] e%,gﬁééﬁjﬁﬂ]ggar a'ﬁﬁgh ?gc nrfgétﬁillggggn%?gﬁelrb g@eg base
wheubsiratee insdhealpredustposupé seepcondustopndavices. The

tr t 5.1 e _capri u Si
ph@?%%@éﬁgi ﬁ\\?gnarrgﬂerlg%ozcglrpggj%g aho oértfe@ds)t ol fBgnﬁng a
( hpatiaraidemask ersesdin dhei pptterasfornastion.). [ 0004]

When the lithography technique is used, a pattern of

the filmto be treated is generally forned according

to the follow ng proceBACKGREEEDIABAI Iy, a resist

filmis fornmed by 30 coating on a filmto be treated,

and the resist filminits predeternined region is
expd8ed]i magevirs@ plhiooags einpredpoing @ seskiconductor device,

" ehi oHN rNBE LRSSt BkhMAH,Chrl NRsufARG TN Sor an
evel oped,” and the e€xposed Or unexposed part is
r eatacido contluchive fibsi)sis ganesaly farpaedeom afbadeesubstrate.

bR, SR TpbbEetoripdd Gy B¢l A @ A B poving

[ Oposd etermurethtdipeemsionvaed ahapsi ist fdimedi byestmdend, in the

ZQQL@ g?‘beé EPALLLEXPIRY §bblANhrs0QH e BE e plurality
of times.
[0003] In the step of forming a pattern in the film to be
treated, a lithography technique is generally used wherein the
so-called exposure step, development treatment step and the
like are carried out using a photosensitive material called a
photoresist (hereinafter referred to simply as “resist”).
[0004] When the lithography technique is used, a pattern
of the film to be treated is generally formed according to the
following procedure. Specifically, a resist film is formed by
coating on a film to be treated, and the resist film in its
predetermined region is exposed imagewise through an
exposure mask (= reticle). Next, the resist film after the
exposure is developed, and the exposed or unexposed part is
removed to form a resist pattern. A pattern of the film to be
treated is then formed, for example, by drying etching using
this resist pattern as a mask.
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fromthe viewpoints of inproved resolution and

t hroughput. For exanple, |ight sources which emt
ultraviolet light, for 5 exanple, KrF exciner |aser or

ArF excinmer |aser, are used. 0006] Even when

exposure is carried out using The short wavel ength

light, the attainable mnimumline wdth is about 90
nmO@A5dhe ot gt tegant trears, i when i acresistnfilmeranéxposed,
fo ' [ L ijiQfm +0 PRk t , ol

t e Pl WATERRRRN RotRglitl 1OheoSRRa PBE G580, F00: ekdmple,
pafnosnn thavivigwp dintheef | ignproved resehddeni end throughput.

r egMir i St tant it o m : :
ha\ﬁ/%ggga i}?%tér '@e@%g%?%e‘ﬁ’@g%ﬁtﬁ@ﬁrtgdﬂ%q%'éﬁztrmo light, for
de@xspopplgn K pasimerdpsesmaAdF £xamner lasgmparepused.

W 6‘0{)83 eXpOSF;‘{gén WHCEY P%iu%siswﬁéfﬁeargugwh@' tHe short
i mportant for e devel op i)g nent o hé "exposur e
sywiasalangth flighlexthpladtainablesmisimusndinerwidth is about 90
' f | o
exhLy oo 1% bYfic 1RfiaC THEES, 4R, il easingidemand for an
| i grareasel gcresoluiéammf the matserananshfin the fyusurenit is not
i [ i . of
oel; % ldoBATE R P5dtetn (NG A Shaer rever o
t hEnkengiss isotegeingsv el Bpthis egost énportarpdesfaremnavattern
: ) i Ceal

TiaTHiE SATEBEr Ve[, B iEh0ds MR BTG 15, 387 Hetiefop an
depxposurét Byatem rand t padesisitf coahpatibhe hivith the exposure
Al Wole] . - ot i [ t

(oSar B, PPoiREE WK A BT AV, IRorTaff 58 the d¥velop-
[ oot 1of rdeemxpesurs systeqoi @érepmtosi examypesutlee use of

haoatls . 1
LAY WAchef BTRIS OflIGHESRAREN W HOBIBEEN. for example,
t hE2 #avm e @slesmEU (extiremesulivayicletilight, electron beams,
[ ohr ARyd Ve dBY: RRGLYE (hd & AhtFdSsd Ay eticAtidberture
quird) "stuth 'as pure water or a
f 1 (NA) nef igmees.neHowever, dthe aduptiposel ai sharter wavelength

prede m [ e j r ! n I
2 SESEBETIN, ULV EleRoPY FRBELEE R BEORANDe new
at ekpastiren systamsi sand i limcreasingi ¢heet hadnebigal aperture

LTS R et ST B PSR e T TR Dt

suetidtlasar rinoa biadegdh, relationshipquiAictadingly even when

oERE" EELSRRIANC IR anke), U, S CudE wian i
disadvantageously lowered.
[0007] In recent vyears, a liquid immersion exposure
method (liquid immersion lithography) has been proposed as a
lithography technique which can solve the above problem. 1In
this method, a liquid refractive index medium (a refractive index
liguid, an immersion liquid) such as pure water or a
fluorine-type inert liquid is interposed in a predetermined
thickness in a part between a lens and a resist film on a
substrate in the step of exposure, at least on the resist film. In
this method, by virtue of the replacement of an exposure light
path space which has hitherto been filled with an inert gas such
as air or nitrogen, with a liquid having a larger refractive index



the sane exposure wavel ength as in the case of the

inert gas is wused, as with the case where a shorter

wavel ength light source or a higher NA lens is used,

a high resolution can be realized 5 and, at the sane

time, the focal depth width is not reduced. The

[iquid imrersion exposure has drawn attractive

at(@ht fon exsroale e punge Walerofeveaie wigoi d lightrsawige having

??ern at@ﬁx?@éh?é%av@%rﬁ:{%% I?ﬂtl% ee?)lfst?je Inert gas Is

ower cost ve
regsedt iasn vwibla thepeaser wihed gl ad@mrtanswageéengm light source
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I Nmer st o exposure cannot Heal er resol
5 paaﬂdvnat Hhe shenectiong: ithe focal tdeuimmndtbhde“r rmtchreduced

Ci The ﬁ%”&eﬁnﬂé‘FéBHs eRbAReRE! T’la@a\éﬁawﬁg%{@gﬁvéoéttentlon

rea IZI hér reso utlon pattern
I\Iohepatléﬁt t(hm:mtofltrm diq wisksmimersig rofexposige can realize

pa{ﬁé%r |26"H BF'?Sre%’cOB'é“cf?errL%ttB' F esbt é!ntq a higher
resis s formed "on a hard asaf
kq/fpeescpihlctt

| alerel T @gicsa lpett@a,fsfycaﬂcl@mw tsing tehéens mounted
10 PahneYSRo' BppRra e ESRP U IS B ERs R pexposure

r eg@dnpot mealemsa Iro@them messluthu@n pattmn than the resolutlon

Seﬁﬁﬂf’ éﬁ‘lﬂ%ﬂre%ﬁae ?J;cgffﬁlrc Ws%@emgrlﬁﬁstﬁﬁﬁéﬁk have

g t er " above I'S agai n Used
eennmiade tfoameahzrre@l abgmgsnelhuregowlcolhqaaﬁedn mask as

mbggﬁrrmst Bﬁef)?ﬁea—f‘réﬁgﬁj Hﬁof'r&?gc %Zuflﬁmg of a

an realize a super
15 papabirerrn Iy t hve ndntes], exposuee, S|Incethl]$1en26thod a resist

BRRIGER s, TO9FER lof, EPTRER (st alhS (AR 1aver by a

essary e process IS i ncreased cordin
thphphotemstusprqneﬂmss iherexftiennt fpeousesisbm plaétern is

th OEPré’J ‘f}%tthgll’{atrlaehaéw& ﬁﬁé)?ﬁ’gf ?a?@t’ma)’ggcﬁﬁg, and

Oresis Focess 1s repeat
ofthetresistysdteemmmsmegl w|resrsetqmattea:nhn59ﬂhe;n :fOrmed by a

20 SSEUEANE, DERMOLIALE Ul TRRL PP ASEIABER R WLk tayer
t r aftefrer abdvematy@nsébt aiineda @pgin helsecbnsaed ofthea pattern is

SeEADLARET Y R i, ) B O R e

[ 00be] aboweptwentintes ewmos2raliraetbedscanmegdlie ftbie transfer

f obf 2958p3HARE" [Ae8A! 11 | it ikt dPASeldr, since the

25 photoresist process is repeated twice, the time necessary for

the process is increased. Accordingly, the photoresist process

is disadvantageous from the viewpoint of cost. Further, the

exposure involved in the photoresist process is repeated twice,

two types of reticles are necessary. This requires highly

30 accurate registration of a transferred image obtained by the

transfer of a first reticle image with a transferred image

obtained by the transfer of a second reticle image, and, thus,

there is room for an improvement in simplicity and mass
productivity.

35 [0009] Non-patent document 2 discloses a method for

forming a superfine pattern in which a spacer is formed by a



chem cal vapor deposition nmethod (hereinafter referred

as "CVD') on the side wall of a patterned tenplate

formed on a filmto be treated, and is used as a nask

for conducting etching. This gethod is carried out

according to the follow ng procedure. 5 A resi st

pattern is formed by a photoresi st process on a

pr@bemjgay vopeed d@ln@snétcmlay@tmd\n (hexginafter referred as
@tﬁ”@ﬂ PRe ﬁlrbee tvfé'i?'@fea érH%aneﬁﬁ{bffaf@éfoﬂned on a
ern as orm convexes (a pat

t efttmatQa hmyr@ated;mmdels used @t ar mask f@r i drctime etching.

Si t T r [ t

coniisaetid iSRS, pEciiting BEHER [Slowih iiocedure.

5 paft giesist npatﬁ&fncasefov\mﬂthy pat pépﬁedesléﬁplparoéess on a

Iaéfe{:vfo%gﬂ? ﬁéaetéﬁ{lﬁfbté"@y@?tt%@n?%%éh% PPAY erred on

d’ for each one | ecifical
th'éﬂ@ahetmpiat@ﬂma%er cumblgeﬂhemust ipattesnbasta emaédk ite form
tr | ng
mggﬁt@@x abggt erfine pa?!étﬁ]na?ér?h lﬁ'ﬁ@h%? ten%pacer Is

dotamead Qn ahQZSndﬁ wpkrof rtbepaonyeweSabbeVD Thereafter,

10 S“ﬂ‘fgsétﬁH{/éXes ﬁf’@eper*?f%\}égﬁ SedBANoR- the ke I 12 Dtge%%ég as a

for feall zin consi derabl

i spatkani. edIri &hig kaspy oces themattermml teﬁeplraéeri@crer is in a

sh d d

o7 BHSE B, R0, T RHEC dder g R RSP each
" Potighindbobie lige. trﬁmglﬁlc@dxbzl, that patimnmgcantb@gicamiﬁd The

h t
e
15 doetaheing Phaskrics fBenttaersupmﬁmﬂnncattEBnt edlmndﬁhmgmon—patent

briBPRineh o 1 2nu0 M TR0 FoUTOR Apccessfully

obfeunedf byhthisr esethod nvdnt tbe €YD onptboddéom realizing this
eI af B0 RLREBIYASE bPRPR (€adied ¥ tnd i B cess,

mass” producti vit or formng
a asdpetIﬁUEs-iﬂmtmetdswdmgkoﬂw bee signifezadntty ngmipreved for

20 TeiIBTEh TR BHIG ORURY on. 35 5 NEANS FOR SCLVING

AcCcordirhg Y0 the present invention,
t here i s[Non-patent document 1] M. Dusa, et al., "Pitch doubling

through dual patterning lithography challenges in integration
and Lithography budgets”, Proc. SPIE Vol 6520, 65200G, (2007)
[Non-patent document 2] Chris Bencher, Nanochip

25 technology journal, issue of two 2007

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
30 [0010] An object of the present invention is to provide a
method for forming a superfine pattern in a short time with high
mass  productivity, and a method for forming a
superfine-patterned mask for use in realizing the method for
pattern formation.
35



provi ded a nethod for form ng a superfine-patterned
mask, conprising the steps of: 5 preparing a base
substrate on which a filmto be treated is |ayered,
formng, on the filmto be treated, a first convex
pattern having a convex; coating the first convex
pattern with a resin conposition 10 conprising a

resin conprising MEASR i BOLYIN&CR LBl a
Si bond; y:ing t h3ne t ' as :
beLqégggj ect eoﬁ?@@ﬁc{ﬁ% cg(gti ng s?)g%,%thg ?_S\r(y?nﬂpeﬁ’r egpﬁre 'S
copposiddbna preeldmd i forarformiey aalj auperfing-patterned mask,
co sridi A RS hec.base substrate which has been
sug?‘@%ré%&tq)m?hgetggﬁr%g step, to renove an uncured

5resin copfeBatingna basewubstrpietoniwhiduredilmesonbe treated

co j L on the upper surface of the convex, to
form%ynéljtel(y; side wall of the convex a I|ayer of a

mat er i al fadimingg ean thefilohdombeetieadted, a Hgstieaavex pattern

Coﬂ‘éﬁih 20-Batkgtn; and removing the convex, to forma
super i%e second’convex patterned mask of the

di f f er encoatingr the .fifstogcenvaxcpattiarg with e resesaamposition
i i .op. i : i her.. f :
10} Rl and 40 ShERRr RIS A0RE" S 4R Blwino 2

| conpri Si ng
st sid@zane hporpari ng a base substrate on which a film

to be ”ﬁé‘éﬁ‘ﬁeq 2hd BQEE%L‘?BEﬁ‘gt@F %ﬁikh%égrbééﬁ%ﬂﬁﬁcted to
assi stancé ar€ layered in ofder; formng, on the
i nthe neehting step ftor cureathentesipocasspesidiooe, present in an

fiéﬁ a“a‘?ﬂ‘é‘één@ LAt d&q} a convex; coating the
fiFst convex pattern W d resin conposition
15 conpri sirigsing edien sy rdudistgatepahicmdhasibeerasbjected to

i Gt ing tBE 16, RSy 81 4By 8 re37F SHiBbsRiGry:
cur e t hergrasiviingopdus of i drcyreds easin goampositien on the upper
adLaatle bp HRe cBATER P foFhShnthé BARAISHPTheRtBnvex a
layer of a material different from the material of the first convex
20 pattern; and
removing the convex, to form a superfine second convex
patterned mask of the different material.
[0012] According to the present invention, there is also
provided another method for forming a superfine-patterned
25 mask, comprising the steps of:
preparing a base substrate on which a film to be treated
and an intermediate film for treatment assistance are layered in
order;
forming, on the intermediate film for treatment
30 assistance, a first convex pattern having a convex;
coating the first convex pattern with a resin composition
comprising a resin comprising repeating units each having a
silazane bond;
heating the base substrate which has been subjected to
35 the coating step, to cure the resin composition present in an
area adjacent to the convex;
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the curing step, to renove an uncured resin
conposition; renobving part of a cured resin
conmposition on the upper surface of the convex, to
formon the side wall of the cgnvex a 5 |layer of a
material different fromthe material of the first
convex pattern; renoving the first convex pattern, to

form a slipéing nde dmsehdwisivake pahieh neais k&N osubjrcted to
di r i gl hi ' el Lilm

f o?lf'?r@;rﬁr}g%itegég:o&%ﬁ?ge%ﬁt%ﬁgﬂg_ &tHﬁgﬁiecpnBngﬁégk

pat t er nekEM@sNgt partooh & cusederesime cpaipesitian msithe upper
fo | caty il enhr 1

nosuf 3R BF thRIcbAGek (B Forfioh ffé Bide WA the convex a
pr Byeredr &t matesiat didferanthbomdhe oratiardalaof the first convex
sugg&fé'l%e- patterned mask, conprising the steps of: 15
preparing a base substrate on which a filmto be _
treated réemovanpgr tae fisshiaaven padern, nta Joser a superfine

”&?&&qd foﬁ\iféﬁt dtPavsed %‘a%?fé‘f tﬁévqli%r%n%%‘é‘%é'rial ; and
coating the Trrst convex patftern wt aresin
conposi t €trhingo thenpntermgdaatesfitmcdapr trdatgnent assistance

re ' iis hayj ' [ e;
heg?ﬁldgél}?hﬂasg%gﬁ gtré?gg/\ﬁ% cﬁbkg%qgégjen r@é%ﬁécttgd f%rm a
t heupesftinagpstigrnedoniasle fo héabeisiating ipesiitndio be treated.
pr in an adj nyex: 2 j.ASiN
PREOBESY SuberASkERUIAELAS Bhe BRete AR tgny SHerRCls further
cuproygidsicestilk anoéhevenathodctorforming & gypifinematterned

re ale . of r es¢.n conposition on the
upﬁgér/éIzs]’u(r:(?@{é}e”%Pgﬁﬁrgé‘csg%‘?éx&'to formon the side wall
of the cprepariag bhayese fulzstraterdmlwhidlf e &éiin toope treated
th @;eq,rejcpl of the first convex 30 pattern;

|

enbe Nng spaces with the material substantially sane
as the nkarenirgd, oh the filim d0 bentreatpdt tafirsttcomvexnpattern

pa c ntary to the first convex pattern;
anﬁgrgfa Vi ggﬁkﬁgﬁ ayer of the different material, to

forma GBakingetli¢ férgiacopvardpatiskncwnth st iregifcarnposition
1 ES I FR0NY PHLER" coifr kg CPIPLSTRE! YrkeP2LLER Phaling a
silazane linkage;
heating the base substrate which has been subjected to
the coating step, to cure the resin composition present in an
area adjacent to the convex;
rinsing the base substrate which has been subjected to
the curing step, to remove an uncured resin composition;
removing part of a cured resin composition on the upper
surface of the convex, to form on the side wall of the convex a
layer of a material different from the material of the first convex
pattern;
embedding spaces with the material substantially same
as the material of the first convex pattern, to form a pattern
complementary to the first convex pattern; and
removing the layer of the different material, to form a
superfine-patterned mask consisting of the first convex pattern
and the complementary pattern.
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[0014] According to the present invention, there is
still further provided yet another nethod for formng
a superfine-patterned mask, conprising the steps of:
preparing a base substrate on ich afilmto be
treated 5 and an internmediate filmfor treatnent

assi stance are layered in order; formng, on the

i nt@PIddi at e fACEONdING teathenpresest sinuadion, fihere is still
CORYRKeRal LiROVida &t CUWSheL A dtod e fdr Stforming  a

in
convex Fattern W ijh gl resin conposition 10 conprising
a supenfioenpattarngdr epask, agmmisinigeticd sigwisnef:a

sil azane heat g t "
been sub?gécwggnpog ?ﬁgecoa %lﬁéfgf%ﬁgf\hpg&ﬁ&‘r’“gllrﬁﬂéaf‘@%itrqeated
codpdsaniiotepmeghate iflmudor dreatagnicassistancheare layered in
cogygéf,. 15 rinsing the base substrate which has been
subj ect’ed to the curing step, to renove an uncured

resin cofgigaing,on;on r ethiwi niptpamedinte cliled rfesi ntreatment
Fodnr o pRe &ERpPVEK pRtreRtondlind' CoRveY;

form on _ wa e con _ f -
mat er i al colatingr e firsdinco heekapatiexn wvfith ke resistcomposition
co - 2 t : [ S ‘het sal :
colThrisid R | fisin, EBRTHHSNT PRRCETNG] IRAE: Seath paving a
masiéaranedionthp first convex pattern, to forma

pattern I a Ot i LSt GARV eL N
renovi ngﬁgﬁgnl‘a;‘;glre %%S{eh%uglgp{déréeh’tm?rgt @élsalpféé{]oglflgjr%w&ed to
a thepeodting- pbep ertneduraskhe orgsgist campodsitioen fpregent in an

cogﬁgé( é{ﬂhtcgm toamle t&ﬁ] | ementary pattern; and

et chihg e internediate Ti'lmfor treatnent assistance

t hr ough tihsing ridte duasesykstrate which Heas drge enenbiacted to
pa rn,.. frar fine- ter .
PaHNEtring SekB. B gvEah, (ACuREN YEST Lo S s n

to the pravevingnpert obrg aurederésingeompasitlosr on the upper

rOUHE By SRR R0 3 ARGl Il ok LBnven o
pr Eeant of averatierigl difterentsfroimithe peateniak abthe first convex
prsgit&q,q];a nmet hod for form ng a superfine pattern,
embedding spaces between said convexes with the
material substantially same as the material of the first convex
pattern, to form a pattern complementary to the first convex
pattern;
removing the layer of the different material, to form a
superfine-patterned mask consisting of the first convex pattern
and the complementary pattern; and
etching the intermediate film for treatment assistance
through the first convex pattern and the complementary pattern,

to form a superfine-patterned mask for fabricating the film to be
treated.
[0015] According to the present invention, there is yet

further provided a superfine-patterned mask formed by any one
of the above methods.

[0016] According to the present invention, there is still
yet further provided a method for forming a superfine pattern,



8 conprising the step in which the filmto be treated
is etched by wuse of the above superfine-patterned
mask as an etching mask. EFFECT OF THE | NVENTI ON 5
[0017] The present invention pgovides a nmethod for
formng a superfine pattern with high nmass
productivity, and a superfine-patterned mask usabl e

f o0 N isigchbble st@cmnm.vm@rctrbthehﬂkmnm hedtreated is etched by
SsupeefiMene! re'?'ﬁ %Et%ﬂh%{?nﬁgm anSetcfrWTgemask.

t he nunber o e convention
met hod can be forned Further there is no need to

provide a conplicag @t |eew_|“e W@Nﬂéwecessary in
npl e

t he conventional method, or exa superinposition
5 of[@Oilzﬂu cle pﬁheerme@entt \Amvtenfm@nem@sudes and raethod for

ST PR W o 19 By B iy an

a sypechnedpatieamead mraskansatyeafcrrr tee meathodi. msAt:cordmg to
t hehizethagh & gr ét?ﬁé'}f“rgeasriép tté‘ﬁrs"aﬁf %Hbﬁr?&he r}umber is

according to the present |nv
a twpia:atheh a\gnnberrl |qfstpaitten95afosmﬁﬂwdbynttdstﬁ mepnvehtional

th f O f a a
10 oo carbe fothRa, " PulFer et RaenREREi R vide 2
cr—ram@EREtec[ @ogedioe belichsihsneegssary0inf then conwentional
0 LN lLat t | St
o 3ok e ARSI & DEHRBREINGAAL At AT e by
2011w00tﬁene$19ekapsureplandr &d smeﬁinaomatw(mrcas Be1simply
patd ehBg derived fromthe internediate filmfor

treat rrenf assi stance 9
15

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

[Fig. 1] Fig. 1 is a typical diagram illustrating a first
embodiment of the method for forming a superfine pattern

20 according to the present invention.

[Fig. 2] Fig. 2 is a typical diagram illustrating a
second embodiment of the method for forming a superfine
pattern according to the present invention.

25 DESCRIPTION OF REFERENCE CHARACTERS
[0019]
101 base substrate
102 film to be treated
103 intermediate film for treatment assistance
30 104 first convex pattern
104A embedding material
201 covering layer
301 cured layer
401 spacer
35 501 pattern derived from the intermediate film for
treatment assistance



601 superfine pattern BEST MODE FOR CARRYI NG QUT THE

I NVENTION [0020] First nethod for form ng superfine

pattern The first enbodi nent of the present invention

will be 5 described with refegence to Figs. 1 (a) to

(h). Figs. 1 (a) to (h) are cross-sectional views of

respective patterns in a direction perpendicular to

t he | ongi@Qbissperdineeateern [ 0021] A film 102 to be

treated i I I t [ i ?N’ﬁl a

base subs?thTngg?? ¢QB gﬁ%ginépﬂ, aégi-FI‘ Jirr!:_fgér]Iif\l?f R

sub8028l £inst mefihod: fanferming supetfime pat€ernan

i nt er medi-at.e ¢ | re-tre :

previ ous] 1opfiet deabodieht *6 TR b Rerdt 0bntih Wil be
5 sudesceibed: withpeterencs tadhigsi dn(a) tot () .fi Figs.o2 (o to (h)

begf'«%ealoes%’—ségtibﬁ%ﬁ W%W?e?Plrégf}re'cW/eOf aft!'t‘?rns in a direction

subsfrate,” and to i nprove the processability 1n

et parpgndiculaedonthe langituddnpi Kérecth@nfil m 102 to be
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25 limitation. Examples of materials for the film to be treated

include (a) electroconductive materials, for example, aluminum
(Al), aluminum silicide (AISi), copper (Cu), tungsten (W),
tungsten silicide (WSi), titanium (Ti), or titanium nitride (TiN),
(b) semiconductor materials, for example, germanium (Ge) or
30 silicon (Si), or (c) insulating materials, for example, silicon
oxide (SiOQ), silicon nitride (SiN), silicon oxide nitride (SiON), or
organic materials such as organic resins.
[0023] These materials are selected depending upon the
contemplated pattern. Specifically, the film to be treated is

35 directly fabricated into the pattern incorporated, for example, in

final semiconductor devices. For example, the film is fabricated



10 into a netal wiring layer or an interlayer
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25 t heformtraendioned intermediate film for pre-treatment, which may
be provided on the base substrate 101. The intermediate film

for treatment assistance may be made of materials for

20

conventional anti-reflection layers, so as to function as an
anti-reflection layer. Further, the intermediate film for

30 treatment assistance may serve as the lower resist layer in a
multilayer resist method. In that case, the intermediate film is
made of, for example, novolak, polyvinyl phenol, polyarylene,
polyimide, polymethacrylate, polyarylene ether materials, and
organic materials containing carbon atoms such as carbon.

35 [0026] When an organic material is used as the material
for the intermediate film for treatment assistance, the content



for the internmediate filmfor treatnent assistance,

the content 11 of carbon in the organic material is
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25 through a mask, which is a spacer part formed from the
later-described resin composition, and then that the thus-etched
film can play the role of a mask when the underlying film to be
treated is etched in the subsequent procedure. In this case,
the mask of the etched film is itself regarded as a
30 superfine-patterned mask. The film to be treated is not
necessarily formed on the base substrate, and the intermediate
film 103 for treatment assistance may be directly formed on the
surface of the base substrate and fabricated to be a
superfine-patterned mask that is used for fabricating the base

35 substrate surface serving as the film to be treated.

[0028] A first convex pattern 104 having convexes is



35 substrate surface serving as the filmto be
treated. [0028] A first convex pattern 104 havi ng
convexes is 12 formed on the film 102 to be treated
either through an internediatie film 103 for treatnent
assi stance when the internediate film 103 is present,
or directly on the film 102 when the internediate
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working resists which, upon light irradiation, generate an acid of
25 which the catalytic action is utilized to form a resist pattern. A
number of resist materials have been proposed and are
commercially available, and any conventional resist material
may be used. The resist pattern may be formed using a
radiation-sensitive resin composition by any conventional
30 method, for example, a coating method, an exposure method, a
baking method, a development method, a developing agent, or

a rinsing method.
[0030] In order to form a final superfine pattern,
preferably, the fineness of the first convex pattern is higher. To
35 this end, for example, a method for forming a superfine pattern
using ArF or KrF as an exposure light source is preferably



preferably, the fineness of the first convex pattern
is higher. To 35 this end, for exanple, a nethod for
form ng a superfine pattern using ArF or KrF as an
exposure |ight source is prefgrably 13 adopted.
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25 [0033] The resin composition used herein comprises a
resin comprising repeating units having a silazane bond. The
silazane bond refers to Si-N linkage and has bonding hands for
bonding to other units, and the other bonding hands are
substituted by an arbitrary substituent. In general, the

30 substituent is hydrogen or a hydrocarbon group and may be
substituted by a silicon-containing group or a functional group
such as a hydroxyl group, a carboxyl group, or an amino group.
The number of bonding hands in the repeating unit is 2 or more.
When 3 or more bonding hands are present, the resin can take

35 a two- or three-dimensional structure.

[0034] The repeating unit having the silazane bond may
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The nunber of bonding hands in the repeating unit is 2

or nore. Wen 3 or nore bondi ng hands are present,

the resin can take 35 a two- or three-di nensiona
structure. [0034] The repeati unit having the

sil azane bond may 14 be selected fromarbitrary

i nkages. Preferred are, for exanple, those

r epeeselectad fyormrarbitrary) linkapesi cdirefermad are} for example,
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aryl, al kylsilyl{, IaI k]yl m no, al koxyl, or a silazane
group having a Slln-at droca(ljon group contai ni ng
from1 to 6 carbdn ato , 15 at least one of R, R2

and R3 being a hy gen tom [0035] The resin
represented by fornmula (1) is generally called a
"pol ysil azane.” Wen any of RL to R3 is a silazane
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[0035] The resin represented by formula (I) is generally
called a “polysilazane.” When any of R! to R® is a silazane
group represented by formula (I), the polysilazane can take a
two- or three-dimensional structure. Further, a combination of
two or more types of repeating units represented by formula (I)
may also be adopted.
[0036] Among these resins, one type of preferred resins
includes perhydropolysilazanes consisting of silicon, nitrogen,
and hydrogen. One of such perhydropolysilazanes is a
compound represented by formula (I) wherein all of R! to R® are
hydrogen atoms. Other perhydropolysilazanes comprise
-(SiH2NH)- and -(SiH2N)< as repeating units, and the end is
hydrogen or -SiHs. The perhydropolysilazane can take various
structures by varying the mixing ratio of repeating units. For
example, the following structure may be exemplified.



30 exanple, the followi ng structure may be
exenplified. 15 [Chemcal formula 2] H2 H2 H2 Si NH
HN Si'* NSi,NSi,N~"SiHI | HI I z H2Si'. NSiH2 H2Si\
IN- | Hz HN-Si H2Si ~, N . Si, N [0037] Further,
regardi ng the repeatlng unit, ]Tor exanple, 5
repeating units conprising other hydr ocar bons and
repeating units conprising siloxane |inkages can be
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COMyEA7RA L o1 ey fe rCQggngﬁegsol UB@,pé%ﬁhgphgﬁ for example,

geneous. Accor
5 i nrepeatisgl warits negmpyisingh atiiver hy@lr@@@pbgm @mcbaTepeatmg

be, e Al RERE AL Stin gkl cahnBle B8P0 far as
t he convex % 'S ~an or 2 Fedi ot pa tern; upon
cothe effesct oﬁéheerstresentwpmsenm@n isomot BECCicﬁiﬂ@éb(
pa t he ol te A h .

r@gﬁg]dl sad\o/l-lz:\ﬁ ag@tdugpup‘{)regielat tte %gtt@rn geﬂhremay be
tharlﬁntnalnty ssflected pdependingc dordexgnyple, he psel winet type of

10 SNl ke 4 S3REACa e 8 1EBESDPPECEAn MR pattern.

pre solvent 1s n reacte
yeBreuferprOhoW&a/e;olwmm@wlan weaighdr efdhe resin is 500 to

| YBR[ S DreRan) KBY 1801 680025 PErg ¥ the weight

ove  Tedulrenent h er € solvent
magveeagelraoleculdepaadd i,

[0039] The resin composition used in the present
15 invention generally comprises a solvent. The solvent should
dissolve the resin. This is because, when the composition is
coated on the first convex pattern, the composition is preferably
homogeneous. Accordingly, the solubility of the resin in the
solvent may be such that the composition can be rendered
20 homogeneous. On the other hand, when the convex pattern is
an organic resist pattern, upon coating of the resin composition
on the convex pattern, the dissolution of the pattern in the
solvent disadvantageously breaks the pattern before the fining
of the pattern. Accordingly, the solvent should not dissolve the
25 resist pattern. Further, preferably, the solvent is not reacted
with the resin.
[0040] The solvent used in the present invention may be
any solvent so far as the solvent satisfies the above
requirement. Further, the solvent may be selected depending,
30 for example, upon the type of resin used and resist material



30 for exanple, upon the type of resin used and resi st
material 16 applied. Such solvents include (a)
ethers, for exanple, dibutyl ether (DBE), dipropyl

et her, diethyl ether, nethyl-t-putyl ether (MIBE),
and ani sole, (b) saturated hydrocarbons, for exanple,
decal in, n-pentane, 1- pentane, n-hexane, i-hexane,

n-appligde, Sucthhepivenés includan@) etheranfor exaompalte, dibutyl
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limited. The resin concentration may be properly regulated
depending upon the coatability of the resin composition, for

25 example, onto the surface of the first convex pattern and the
thickness of the desired pattern covered and cured layer. In
general, the resin content is preferably 0.01 to 30%, more
preferably 0.3 to 20%, based on the total weight of the
composition.

30 [0042] The resin composition according to the present
invention may if necessary comprise other additives. Such
additives include surface active agents, leveling agents, and
plasticizers.

[0043] The resin composition may be coated for forming

35 the covering layer 201, for example, by conventional methods
used in coating the radiation-sensitive resin composition, and



35 the covering |ayer 201, for exanple, by
conventional nethods wused in coating the
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CONVEX
25 solvent to remove the uncured resin composition (Fig. 1 (¢)).

[0046] A solvent, which cannot significantly dissolve the
cured layer and can significantly dissolve the resin composition,
is selected as the solvent for the rinsing treatment which, upon
heating, can allow only the formed cured layer 301 to stay and
30 can remove the resin composition in its part remaining
unreacted. The solvent used in the resin composition is more
preferably used in the rinsing treatment.
[0047] Next, the cured layer formed on the first convex
pattern is processed to form a layer, formed of a material
35 dissimilar to the material constituting the first convex pattern,
on the side wall of the convexes of the first convex pattern.



pattern is processed to forma |ayer, fornmed of a

material 35 dissimlar to the material constituting

the first convex pattern, on the side wall of the

convexes of the first convex R& tern. 18 This |ayer

is hereinafter referred to as ""spacer" for

convenience. In order to formthis spacer, the cured

| ayBis tayer inpareenaiigsrrefenreadide a$ "spaceirr Sorcwsnience.

pafﬁedl‘?:legrhfdllfgrll?ﬁtﬁﬁ Eﬁé'cﬁ?l ir.’heIr il ‘égqjayéln cbk‘/'e?‘lrqu‘stﬁe upper

the selective etch art
| i sl cfages oof athes ﬁlrfet s@@a\éexCamattterm rﬁalwlymf obgedselectively

Fred! 56l &fis VEa &L Chind é@é@ ge 'e@thﬁngl P’n‘?éthod is not

etc ng nmet hods™ att eér- prot ectl ng he Si
5 of pandcylaréy liryjted sa tfaraay theb spdioey egenbe Einadilyyformed

et ghh fﬁio@%} Wsselfe‘épv%xaé@rﬁnpchl %‘Eﬁb?g ﬁ Lﬁéhwe@t etching

magne n-type reactive ron e on be
|omettlmdm@ftemr@tteﬁtlm@ the E[CFElVMallepaht of. the cured layer

RN 1 ARSI AR, AEUFY JEH TR ERRR g e,
Acr:emaenmgl yonwhetchinge amyg@te(tmmgtyim hodacgvesaon t atching,
10 181y 8 DR Bt RS LB S L R 7 R R s
t hdesoribed ab@tvleerfrhemureldelas\peltéomts pocodtpowndt with other

t h&ka@ﬂne n@%h%?e{d“ﬁmddﬁ L %Eéé@l& |fé|'e§;1&9§.he$&ﬁcpm ingly, when

Nt assi st ance ('E or
tothoe drgaeédhirg t heethaer iedised, fthen usen@f a source gas

P O8b iRy, R AN I LGNS gl refggcur ed Laver, 1

coatin I h conposition and/ or
15 t hE0@48Bilng coﬁldetembeddedobefctqnmcymlnebelleeuthuetr tke convex

po f e; a on t d
oprst gl che’ BRECEris LG XEotoR s PAFIHLE of the
onintesneediaddelilrmhol O3nfon hreatmeaasasswtance riigirovéded or of
re e | t S feree h d er.

DS RITn 102 S efet BUEEoHf st o igiefghii’ Aifi®ls not
supfacideasf, rhay benwadso paoverad bwﬂrremhedamed Heyea;,ms If the

20 U1 et 6t CObOBnac Il il SoMpBaNian! L3, the curing

si MUt aneously r
enbenddido b oist qnmauedlwmdnteoUederltslﬂfmsslbfe rtdteto form the

a1kt o (R PaddE e ¢ “Hinelel Yhy gred taver

t his fibkmalby hermeadtcanethé srabeldeed blodrt@mn t hI:n this case, that
SRR BB PAREFRIE, IERepsiPAgl hATER G thatheRured layer
25 both on the embedded bottom and on the upper surface of the
convex pattern be removed at the same time. The etching
condition is so controlled as to simultaneously remove the cured
layer both on the embedded bottom and on the upper surface of

the convex pattern. However, the cured layer on the embedded

30 bottom may be removed in any step before the film to be
treated is etched through the superfine-patterned mask.
Specifically, it may be carried out before the cured layer on the
upper surface of the convex pattern is removed or otherwise
simultaneously with the later-described removal of the first

35 convex pattern. Nevertheless, if the intermediate film 103 for
treatment assistance is provided, it is necessary to remove the



upper surface of the convex pattern is renoved or

ot herwi se sinultaneously with the |ater-described

renmoval of the first 35 convex pattern. Neverthel ess,

if the intermediate film 103 fy treat nent assi stance

Is provided, it is necessary to renove the 19 cured

| ayer before the internediate filmis etched. [0049]
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pacosrpletiouthé ntreatetéotl. a mask layer composed of only the

spacer 401 can be obtained. When the initially formed first

25 convex pattern 104 is a line-and-space pattern, in the pattern

501, a spacer is formed as a line pattern on both sides of each

line. Accordingly, when the number of line patterns is taken

into consideration, patterns of which the number is twice the

number of patterns formed by the conventional method.

30 Therefore, this method can also be called a pattern doubling
method.

[0051] Prior to etching for forming the pattern 501, for

example, a resin is preferably embedded in a space part

between the first convex patterns. Specifically, in the etching

35 treatment, a part of the side of the second convex pattern is

exposed, and hence the width is sometimes reduced by etching



[0051] Prior to etching for formng the pattern 501,

for exanple, aresin is preferably enbedded in a

space part between the first convex patterns.
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Oxygen atom-containing etching gases include O,, CO, and CO..

25 Nitrogen atom-containing etching gases include N, and NHs.

Chlorine atom-containing etching gases include Cl;, HCI and
BCl;. Bromine atom-containing etching gases include HBr and
Br,. These etching gases may be used as a mixture of two or
more. Further, the etching gas may contain a sulfur atom (S).
30 The reason for this is that the film to be treated can be
processed with good anisotropy. In addition to the above gas,
gases such as argon (Ar) or helium (He) may be contained.
[0054] After the formation of the pattern 501, the spacer
401 which stays on the pattern 501 is if necessary removed (Fig.

35 1 (f)). Thus, a superfine pattern usable as a mask for film 102

processing is formed. If the intermediate film 103 for



processed with good anisotropy. In addition to the

above gas, gases such as argon (Ar) or helium (He)

may be contained. [0054] After the formation of the
pattern 501, the spacer 401 which stays on the

pattern 501 is if necessary renoved (Fig. 351 (f)).
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treated is formed by processing the film to be treated (Fig. 1

(g9)), and, if necessary, the pattern 501 which stays as the mask
25 is removed.
[0057] The method comprising providing a base substrate
comprising a film to be treated and an intermediate film for
treatment assistance provided on a substrate, providing a
superfine-patterned mask formed directly thereon, and forming
30 a superfine pattern has been described above. The present
invention, however, is not Ilimited to this method only.
Alternative methods usable herein include a method comprising
forming an intermediate film 103 for treatment assistance on a
transparent substrate such as a bare glass substrate to form a
35 base substrate and treating the base substrate by the method
according to the present invention to form an independent



30 a superfine pattern has been descri bed above. The
present invention, however, is not limted to this
nmet hod only. Alternative nethods usable herein
include a method conprising fpymng an internediate
film 103 for treatnent assistance on a transparent
substrate such as a bare gl ass substrate to forma 35
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":Langw z{gatﬁ%eg] ne pattern. [0060] A material 104A

nt to the first
[0059] At the outset, as with the first method for forming

a superfine pattern, a spacer is formed on the side wall of the
25 convexes of the first convex pattern (Figs. 2 (a) to (d)). Steps
up to this stage are the same as those in the first method for
forming a superfine pattern.
[0060] A material 104A which is equivalent to the first
convex pattern is embedded in the space part between the first
30 convex patterns (Fig. 2 (e)). The space part between the first
convex patterns has been fined by the spacer 401, and
consequently the space between the spacers substantially
constitutes the space part.
[0061] Preferably, the material equivalent to the material
35 for the first convex pattern embedded in the space part between
the first convex patterns is the same as the material used in the



convex pattern is enbedded in the space part between

the first 30 convex patterns (Fig. 2 (e)). The space

part between the first convex patterns has been fined

by the spacer 401, and conse ntly the space between

t he spacers substantially constitutes the space part.
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25 after the material layer is embedded to a larger height than the
height of the first convex pattern, the assembly is then
flattened, for example, by etching treatment to the same height
as the first convex pattern. In Fig. 2 (e), the height of the
embedded material 104A is described as different from the
30 height of the first convex pattern 104 for distinguishing the
embedded material 104A from the first convex pattern 104.
Preferably, however, the height difference is small.
[0063] Subsequently, the spacer 401 is removed by the
same method as described above in connection with the first
35 method for forming a superfine pattern (Fig. 2 (f)). Thus, a
mask for etching the film 102 to be treated or the intermediate
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as the first convex pattern. In Fig. 2 (e), the height

of the enbedded material 104A is described as

different fromthe 30 height of the first convex

pattern 104 for distinguishin he enbedded nateri al

104A fromthe first convex pattern 104. Preferably,
however, the height difference is small. [0063] _
sufiyaqukB3B| fort Heeapaant 4@gsistane@oved foymeats sdids mask
me egcriiRgd QRRVE | AMeci pan IRghat kSt
SSEﬁeﬁf%@%egor% fﬁtlnlkr%?ri ng a ééﬁp@??l ne p%?tg'eré#'(? Fiagﬁ?%fterﬁ 104A
(f gompteaentamatk ther fiestc A0 Ayexheattiarm 104.t o be

tr or therjat; | A it 4l f :
asETof o | o THENBAEFRIHiALE Hurf 03 ¥OF (rBatelehR, S88istance
coisv Erepd exsingoa maskafeeanedr af thweafirsbrisrerentpatiern 104
to i 4

| e ety BRsepy A A tarRbledichiar) e ing st coguex pattern
t r &8deOFigsi d 9a) rhesfo ifror asd o rfiner patiternednwask for treating

pa r 0 ng, t 1 c I talynto ;
fitﬁsg f:]!)rﬁvglxozgaﬁ e|$§ Pq;t'élt%r(clp—‘i g%(gw fi??ol?dm %é tﬁé?ced 'S
supredtiede- psingr ndte nazdtteonedr eintiergnediatef i layero2 13  for
be j 2.t eat ' t e :
et Ert SREetalcR Boce gk, LFRA, 23, TIff08 superfine
t r patianm hayingtairmaves carnesmxoding te tmg)spatars404 can be
su LAe pattern having grooves corresponding to the

spacer 401 can be forned. [b0065] As descri bed above,

i n[@Be5det hod Asrdeseribad aboyepeirf ithe paetkod for forming a
ac ' t r axentj o t proyj Si

of §{fhgh§ gpgpés'g%gﬁf iegeggl%rrqlﬁﬁengpdr egg%t rhﬁneven ti oﬁwie?t?&n’ the
i nirepisicabbé. ther sheps shesifiedeps the Ipresenbdi iwdention is

pal I ReREsBE 2 PN, Thefec Shebe htay oBY" hrBThel witn
phooovestionalsatethodhe Accomtingly,ofwhée aesesist pattern is

pa n. esi r g t.hod i th :
rour SR LERs i, SRRV e B (R SR TSR Wed in the
phtarmasiiost ©fabhie t resisbrpatteronandr eséstedist fiomgning method

LR LFRE R hoRRh eI AARIRES 4, ST YeHibtntiona
fi photeoesisks gatd ¢he, canventienal padist fiofrmingdmsthods. The
LSHE9E SAREPRERSY 86 L5y LRI 198k 8lrdd8 Fatiery. On
t hthe uotieert yhanyd ] ayearidingstibe efirst convex pattern, a convex
pattern formed by using a photoresist after the formation of the
above superfine pattern as an etching mask for etching the
underlying layer is usable.
[0066] EXAMPLES
The following various Examples further illustrate the
present invention.
[0067] [Example 1]
[0068] AZ KrF-17B manufactured by AZ Electronic
Materials (Japan) K.K. (hereinafter, referred to as "AZ-EM K.K.”)
was coated onto a silicon substrate, and the coated silicon
substrate was heated at 180°C for 60 sec to form a bottom
antireflection film. As described later, the bottom antireflection
film also served as a carbon hard mask effectively when a SiO;



[ 0066] EXAMPLES The foll owi ng various Exanples further
illustrate the present invention. 30 [0067] [Exanple

1] [0068] AZ KrF-17B manufactured by AZ El ectronic
Material s (Japan) K K. (herei ter, referred to as

"AZ-EM K. K. ") was coated onto a silicon substrate,

and the coated silicon substrate was heated at 180C
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printed thereon, and the coated substrate was heated at 90°C

for 60 sec. The coating in this case was carried out under such

25 conditions that an about 120 nm-thick coating is formed by spin

coating on a bare silicon substrate. Thereafter, the substrate

was then rinsed with dibutyl ether, which is the same solvent as

used in the resin composition, to remove an uncured part in the
resin film to form a cured layer.

30 [0070] The width of the line pattern thus obtained was
measured and was found to be 186 nm.
[0071] Next, etching treatment was carried out with an

etching apparatus. In this case, a plasma etching apparatus
(NE5000 (tradename) manufactured by ULVAC, Inc.) was used
35 as the etching apparatus. In this etching step, the cured layer
in its part located on the upper part of the first convex pattern



coating on a bare silicon substrate. Thereafter, the
substrate was then rinsed with dibutyl ether, which

is the sane solvent as wused in the resin conposition,

to renove an uncured part in t resin filmto forma
cured layer. 30 [0070] The w of the line pattern
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[0074] [Example 2]

AZ KrF-17B manufactured by AZ-EM K.K. was coated

onto a silicon substrate, and the coated silicon substrate was

25 heated at 180°C for 60 sec to form a carbon hard mask. The

thickness of the carbon hard mask layer was 60 nm. An ArF

photoresist AZ AX1120 manufactured by AZ-EM K.K. was then

coated by a spin coater (ACT12 (tradename)) manufactured by

Tokyo Electron Limited, and the coating was heated at 120°C for

30 90 sec. In this case, regulation was carried out to form a 210

nm-thick resist film. Exposure was carried out with an

exposure system (S306D manufactured by NIKON

CORPORATION (tradename)) having an exposure wavelength of

an ArF radiation (193 nm) followed by PEB by a hot plate at

35 120°C for 90 sec. The film was developed in the same manner

as in Example 1 to form a line-and-space pattern (a first convex



25 heated at 180C for 60 sec to forma carbon hard
mask. The thickness of the carbon hard nmask | ayer was
60 nm An ArF photoresist AZ AX1120 manuf actured by
AZ-EM K. K. was then coated b spin coater (ACT12
(tradenane)) manufactured by okyo El ectron Limted,
and the coating was heated at 120C for 30 90 sec. In

t hpatierse, witdyal line owdms,Of:alﬂrO ain @and teopitehnmoh 3z nm.
f toagt
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abplrt irahenradindilnnds fognvasurednayasy  spin coatl ng
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t heneasnrerh anel wastfcasndstedbenlwmmesu n conposition,
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15 obaa'ryiediev\as aneeswmbeddar_ngi mmtefrtajnw::tsa dJGSQBGadmm water to
87\7é %hﬁrcﬁ?”gguee ‘C’ﬁd]nwti%\f{.ro! Tﬂ%nea g68§yestohé{£|on was
g nmat'e

57acrylate as rial was”di Ssol ved
fIH]erEd threegh a30%. aﬁuenquilieruto ogiveTlae cmameosstlon The

<ok 80, 4SS0 TSR Oy 5 gk A Yting
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ZOtngwezgﬂ %epggen Hlafr?g'é %ﬁgate ngéjoa?t%c{ I%g Eg\s/ietion above

dding 0 a Posi
t hthe wured by, [0078] Next, etching treatnent was

CABN281°U ¥ BCED ol e RERE Whas' BaHIkB BER°with an

et chi ra
etching apparatus. In this case, a plasma etching apparatus

(NE5000 (tradename) manufactured by ULVAC, Inc.) was used
25 as the etching apparatus. In this etching step, etch back in the
overcoated part of the embedding agent and the cured layer in
its part located on the upper part of the first convex pattern and
in the lower layer part located between the convexes in the first
convex pattern were removed to form a spacer on the side wall
30 of the first convex pattern. The etching was carried out with a
mixed gas of CF4/0; at a CF4/0; flow ratio of 20/20 sccm under
conditions of process pressure 5.0 Pa and antenna power 500 W.
The etching time was 20 sec.
[0079] After the formation of the spacer, oxygen plasma
35 etching was again carried out with the same apparatus as used
above to remove the resist part and the carbon hard mask.



(NE5000 (tradenane) manufactured by ULVAC, Inc.) was

used 25 as the etching apparatus. In this etching

step, etch back in the overcoated part of the

enbeddi ng agent and the cured-gayer in its part

| ocated on the upper part of the first convex pattern

and in the lower |layer part |ocated between the
cohhexetchingt he this sasecwmsegapaetdeout with acgasaf Oo (flow:
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a apo-thick resist f|Im Image-wise exposure was carried out with
an exposure system (S306D manufactured by NIKON

25 CORPORATION (tradename)) having an exposure wavelength of
an ArF radiation (193 nm) followed by PEB by a hot plate at
110°C for 60 sec. The film was developed in the same manner
as in Example 1 to form a line-and-space pattern (a first convex
pattern) with a line width of 55 nm and a pitch of 140 nm.

30 [0082] A resin composition was prepared in the same
manner as in Example 1. The resin composition was then
coated onto the substrate with the line-and-space pattern
printed thereon, and the coated substrate was heated at 90°C
for 180 sec. The coating in this case was carried out under

35 such conditions that an about 120 nm-thick coating is formed by
spin coating on a bare silicon substrate. Thereafter, the



nmthick resist film |nage-w se exposure was carried

out with an exposure system (S306D manuf act ured by

NI KON 25 CORPORATI ON (tradenane)) having an exposure

wavel ength of an ArF radiati (193 nm followed by

PEB by a hot plate at 110C for 60 sec. The filmwas
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was carried out by means of the above etching apparatus in an
atmosphere of CF4/0, mixed gas (flow ratio of each component:
25 20/20 sccm) under conditions of process pressure 5.0 Pa and
antenna power 500 W. The etching time was 15 sec.
[0087] The pattern after the etching was observed under
a scanning electron microscope (S4700 (tradename)
manufactured by Hitachi, Ltd.). As a result, the number of
30 patterns observed was twice of the first convex patterns. The
line width was 18 nm.
[0088] [Example 4]
A SiO; film of 100 nm thickness was deposited by CVD on
a silicon substrate. The SiO; film functioned as the film to be
35 treated. AZ ArF-1C5D manufactured by AZ-EM K.K. was coated
onto the silicon substrate, and the coated silicon substrate was



to the step for renoving the second convex pattern.
The step was carried out by neans of the above
etchi ng apparatus in an atnosphere of CF4/02 m xed
gas (flow ratio of each conporgt: 25 20/ 20 sccm
under conditions of process pressure 5.0 Pa and

antenna power 500 W The etching tinme was 15 sec. _ _
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PALLEn 1 ARIRIIHL eilat FH §8BuLLS0 iR -EARIC Lo SURY [F6rmed by
spin coating on a bare silicon substrate. Thereafter, the
substrate was then rinsed with dibutyl ether, which is the same
25 solvent as used in the resin composition, to remove an uncured
part in the resin film to form a cured layer.

[0091] The width of the line pattern thus obtained was
measured and was found to be 85 nm.
[0092] Next, etching treatment was carried out with a

30 plasma etching apparatus (NE5000 (tradename) manufactured
by ULVAC, Inc.). In this etching step, the cured layer in its
part located on the upper part of the first convex pattern and in
the lower layer part located between the convexes in the first
convex pattern was removed to form a second convex pattern

35 on the side wall of the first convex pattern. The etching was
carried out with a mixed gas of CF4/0, (flow ratio of each



for 180 sec. The coating in this case was carried out

under such conditions that an about 120 nmt hi ck
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25 manufactured by Hitachi, Ltd.). As a result, a line width of a
SiO, pattern observed was 19 nm.
[0097] [Example 5]
A SiO; film of 50 nm thickness was deposited by CVD on
a silicon substrate. The SiO; film functioned as the film to be
30 treated. AZ ArF-1C5D manufactured by AZ-EM K.K. was coated
onto the silicon substrate, and the coated silicon substrate was
heated at 180°C for 60 sec to form a bottom antireflection film.
The thickness of the film was 37 nm.
[0098] An ArF photoresist AZ AX2110P manufactured by
35 AZ-EM K.K. was then coated by a spin coater (ACT12

(tradename)) manufactured by Tokyo Electron Limited, and the



20 gas (flow ratio of each conponent: 30/10 sccm

under conditions of process pressure 5.0 Pa and

antenna power 500 W The etching tine was 25 sec.

[0096] The pattern after the eff£hing was observed

under a scanning electron m croscope (S4700

(tradenanme) 25 manufactured by Hitachi, Ltd.). As a
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plasma etching apparatus (NE5000 (tradename) manufactured
by ULVAC, Inc.). In this etching step, the cured layer in its
25 part located on the upper part of the first convex pattern and in
the lower layer part located between the convexes in the first
convex pattern was removed to form a second convex pattern
on the side wall of the first convex pattern. The etching was
carried out with a mixed gas of CF4/0, (flow ratio of each
30 component: 20/20 sccm) under conditions of process pressure
5.0 Pa and antenna power 500 W. The etching time was 20 sec.
The height of the pattern was 80 nm.
[0102] Subsequently, the space part of the obtained
pattern was spin-coated with the ArF photoresist AZ AX2110P to
35 be embedded. The height of the embedded part was 80 nm,
which was as high as the pattern.



part in the resin filmto forma cured |layer. 20
[0100] The width of the [ine pattern thus obtai ned was
nmeasured and was found to be 87 nm [0101] Next,
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thereafter the filmto be treated was etched. [0106]

The pattern after the etching was observed under 20 a
scanni ng el ectron m croscope (54700 (tradenane)

manuf actured by Hi tachi, Ltd. As a result, a line

width of a SiO2 pattern observed was 19 nm 34

CLAIMS [1] A nethod for fornin% a superfine-patterned

mask, conprising the stepsChAIMBeparing a base

substrate on which a filmto be treated is |ayered,;
forming, on the filmto be treated, a first convex

pattkrn Ahavieifod ctoweformongi ng tsupenfine-patteered mask,

pa&éﬁ{&ig\‘i tﬁ‘ersﬁfé:[.])@ gRnmposition conprising a resin

conpri'sing repeating units each having a silazane
bond; heprép@ringeabbase ssizstirate amiwhictng bidento be treated

su@' %é;%q%ot.o the coating step, to cure the resin
conposition present in an area adjacent to the

convex; fnming oRethaddns diosbeatreatirdsha Hirstbemnvex pattern

SURLEFEY E8nvkhe curing step, to renpve an uncured
resrn conpositioh; renoving part of a cured resin

conposi t¢oatiog the firgiecopuekapatient nitlcanvesjn ta@mposition

fo 1 i d ] : 0 | 0 _
ror QT 1, o coetishd Rifating' LS bafh having 2
cosil@zangearerdn; and renoving the convex, to forma

oV Fer erfeRBTrPaEOBYSE sORLARCTUTERDED, f0En subjected to
suplee fcortipgt stepedonmasike thenmeadisi ngmpesidtepsprgsent in an

prgp 2%8%%' ﬁyg%r on which a filmto be

[
treate an’internedi at'e filmfor treatnent
assi st anbesing they drase isubsirate ;whiehrimas eemhsubjected to

| et el @4l Bl Blioh/2AL BERh cy ASS I 8L E B Bokitih;
convex pattfern-having a convex, coating the rlrrs
convex peamemingi partaof esiqurednpesin compaesition simdgha upper

r el Frat 2B it 8o hER&ALN Fo HA b ARELiBBYIVAY Bf the convex a
layer of a material different from the material of the first convex
pattern; and

removing the convex, to form a superfine second convex
patterned mask of the different material.

[2] A method for forming a superfine-patterned mask,
comprising the steps of:

preparing a base substrate on which a film to be treated
and an intermediate film for treatment assistance are layered in
order;

forming, on the intermediate film for treatment
assistance, a first convex pattern having a convex;

coating the first convex pattern with a resin composition
comprising a resin comprising repeating units each having a
silazane bond;

heating the base substrate which has been subjected to
the coating step, to cure the resin composition present in an
area adjacent to the convex;



sil azane bond; heating the base substrate which has
been subjected to the coating step, to cure the resin
conposition present in an area adjacent to the
convex; 35 rinsing the base strate which has been
subjected to the curing step, to renmove an uncured
resin conposition; renoving part of a cured resin

conposi tfiosing e hagersubsirate evbich Heas deen, subjected to
fo ﬁ'é‘?f“ rtrﬁ?rs?b?é tield mely eLQﬁ GHEMFé‘ﬁi arefs,lﬁ%%ﬁ?ﬁf)s?clon,

er|a fromthe nmateri a t he
convex KRN0 Rg péﬂbofnag aquredr resin €onvRRSISERN @ theoupper

;gﬂ%c%uetft 'e”Eop%% gt% ?Qﬂﬁeénp éesri gdw%‘ﬂ%f%et Eﬁnvex a
ent ma Internmediate T
f otayterreaf memateslsd @ffﬁr@rtthfr@mrthawm@lamaﬂdoabhee‘xrst convex
P ?Lr d mask, to forma superfine-patterned mask
|cat|ngthef|Imto be treated. [3] A nethod
f or fornfempoyisgpthei fiespaiarveredpatiekn, worfornsiagsuperfine

th r e t
f1 750t GOy RRe A IndSkioP e diftsret HHERf and
to be tretahdog dhe rIBteUﬁ@deatq)aflh’Gr rﬁorhatﬁat@want assistance
CONiqHf O IERBrld | EbnGRl Y RALIRIY $hili? 185! form
conposiiion rising repeéating
unstpeekioa- nat/tenr@eal nsaslafanéabom:@tlrtgaahenfglmrt@ bastreated.
substrate which has been subjected to the coating

step, to cure the resin conposition present in an

ar B3] adj Acemethod héorcofioexiingi i reypedinagmtterned mask,

su@gHFﬁigm\g}Dﬁg ﬁgi bgfan subjected to the curing

Gnlured resin conposi tion;
renovi ngppepariof a basedsuhksirate omposhidhoa 6ilnt ke be treated
up r°‘é1r ce of the convex, to formon the side wall
&eLa %C@ex a layer of a material different from
the mat ef'qranhlrtg, ohethie fim donbextreadederan firstbewhiv ey pattern
materi al substantially same as the
érglﬁqa a Fobggxﬁ rst convex pattern, to forma
pattern coating the first convex pattern with a resin composition

comprising a resin comprising repeating units each having a
silazane bond;

heating the base substrate which has been subjected to
the coating step, to cure the resin composition present in an
area adjacent to the convex;

rinsing the base substrate which has been subjected to
the curing step, to remove an uncured resin composition;

removing part of a cured resin composition on the upper
surface of the convex, to form on the side wall of the convex a
layer of a material different from the material of the first convex
pattern;

embedding spaces with the material substantially same
as the material of the first convex pattern, to form a pattern
complementary to the first convex pattern; and

removing the layer of the different material, to form a
superfine-patterned mask consisting of the first convex pattern
and the complementary pattern.



conplenentary to the first convex pattern; and
renmoving the layer of the different material, to form
a superfine-patterned mask consisting of the first
convex pattern and the conpl egentary pattern. 36 [ 4]
A nmethod for form ng a superfine-patterned nmask,
conprising the steps of: preparing a base substrate on
whi4h a AiImetboge forafetmingd an sunesfmetinatéernech mask,
fo e are layered in order;
EOHﬁglwtﬂgsﬁ%ﬁﬁgfﬁ;dl ate filmfor treatnent
aSS| st an@éeprarmgr atbasavabglaateron hathichy aafidaniexbe treated
coghbng? m%ef'h"fe%tlafé’rﬁ’iﬁ)f Bt BR B a8sistshBe are Iayered in
onpositio I'Sing aresin conprising repeati
uan@eé,ach haV| ng a silazane bond; heating the base
subst r at g, i Mg, begil SUbiteriRdbfe { B OFo NI treatment
step, to cure T’he Tesih conposition present
ar aasistipacen®a fiost henvenveattarnnBaving raecoayex
substrat @oé“ﬂhg tllﬂé‘sfl@%e{:’onévgkeﬁé?ﬁrhomm% 6l %omposition
step, to renove an uncured resin conposition;
r eGON PIYSipe ta ofesincgosaprisdng cep@akingi emitsh eadaeh having a
upgﬁﬁngéf@&ﬁdof the convex, to formon the side wall
of "the convex a layer of a material different from
t he nat eheatingf theebasessubsinaée wikchehas kadadsiibjected to
S nee I doconyex t I
ety SLe ol OREE" Be ecln' EpmBBbEdr presens,in an
paatea mdjaaeﬁcbrtm bh@actotm/rex,con'pl enment ary to the first
convex  ARBYA hd SR 19, ddieatensiidl iRe shelEBlected to
mat eri al ofm a supertineé-pat mas
coth¢ swiring stephdof wemtovceoameunpare@rresilarc@mpesition
conpl ene r t hing: i
film for'r%@g\omlﬁg éggﬂgglfs %H?teea kﬁ?'gugﬁnjt]ﬁé&ftlmﬁgt(ﬁ{ the upper
coaue&aqeaof dghe andveke toohpiranent thg gidet wall, of tthef convex a

7 R I B R BRI o
cI aahtr_em to 4, wherein
embedding spaces between said convexes with the
material substantially same as the material of the first convex
pattern, to form a pattern complementary to the first convex
pattern;
removing the layer of the different material, to form a
superfine-patterned mask consisting of the first convex pattern
and the complementary pattern; and
etching the intermediate film for treatment assistance
through the first convex pattern and the complementary pattern,
to form a superfine-patterned mask for fabricating the film to be
treated.

[5] A method according to any one of claims 1 to 4, wherein
the repeating unit having a silazane bond is represented by
general formula (I):



the repeating unit having a silazane bond is
represented by general fornmula (1): 37 Rl R3 |
Si-N(lI) RZ wherein RL and R2 are independently a
hydrogen atom al kyl, al kenyly5 cycl oal kyl, aryl,

al kyl silyl, al kyl am no, alkox:% or a group, other
than these groups, wherein the aton1to be bound to
the siylRlcq® atomis a carbon atom R3 is a hydrogen
atom aﬂkyﬂ al kenyl, cycl oal kyl, aryl, alkylsilyl,
al xyl, €I a silazane group having a
sat ur &gﬁ hydr ocar bon group containing from1l to 6
car bo nms/ at |east one of R, R2 and R3 being a
hydr ogen at om [6 A net hod accordlng to any one of
cl wihereint B’ sandhBf eare indepandentdpnackygaogennatem, alkyl,

foé[}é’&oﬁf gyglb%[‘ Eg?s'ﬁlﬁ[gﬂké/ﬁsﬁ\zperflk Parﬂﬂ%eré‘l%?)xyl or a
cl arempl atbes. tr[m thasst godupsy wbenenptbesamm taebe bound
patd %hg sifi@ f%ﬁddﬂgust Becar%toﬁfﬁ‘taﬂm' ch the filmto be

tre I's etche use of Super fi ne-patterned _
maBK iscadndimgern atbammarkgls; aalkeetydmcrygloa]lw& aryl, alkylsilyl,

alkylamino, alkoxyl, or a silazane group having a saturated
hydrocarbon group containing from 1 to 6 carbon atoms,
at least one of R!, R? and R® being a hydrogen atom.

[6] A method according to any one of claims 1 to 5, wherein
the first convex pattern is formed of a photoresist.

[7] A superfine-patterned mask formed by the method
according to any one of claims 1 to 6.

[8] A method for forming a superfine pattern, comprising the
step in which the film to be treated is etched by use of the
superfine-patterned mask according to claim 7 as an etching
mask.





