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DESCRI PTI ON  METHOD OF FORM NG PATTERN, COWVPCSI TI ON
FOR FORM NG UPPER- LAYER FI LM AND 5 COWPCSI TI ON FOR
FORM NG UNDER- LAYER FI LM TECHNI CAL FI ELD [0001] The
present invention relates to a nmethod for formng a
pattern suitable for 10 mcrofabrication. Mre
particularly, the present invention relates to a
method for form ng appetREpPTICRYi table for form ng
m cro-patterns using el ectron beans (EB), X-rays, or
extreme ultraviolet radiation (EU). BACKGROUND ART
15 [0002] In the field of mcrofabrication represented
bWIEZHOTE OF FORMINGPAMTHRN, COMBGSITIOKRGR FORMING
design rules is rapidly progressing in order to
achi eve hi gher {/PPER-BAVER BILMENDIi rcuits.
Devel opnment of a |ithographic process enabling
m cr of OMEASIBION FOR BORMINGEHNDER-haAYHREH Mct i vel y
pursued. However, since it has 20 been difficult to
formmcro patterns of less than 45 nmw th high
reci sion by a general nethod of using a KrF or an
TEC ALEIRED | aser, a method of using EB or EUV has
been proposed. [0003] The foll ow ng various

[000Madi ati on- sensitive resin conpositions have been 25

proposed as positive-tone resj stf0 for electron E e}glv_s

Tl‘@)&r?séﬁﬁemﬁ' prtionrlates o # methedi fonforping e patternsifgble

micrdlsheifa é"tr f" Frorar D S RSO s echrpltes s g pgthod for

I d '
formiG & AR SRt BO RS THFroRATR Ve S ISP PR DN oy,
or exHLme Bltravmiet radiation (EUV).

BACKGROUND ART
[0002]

In the field of microfabrication represented by fabrication of IC chips,
miniaturization of the design rules is rapidly progressing in order to achieve higher
integration of the circuits. Development of a lithographic process enabling
microfabrication in a stable manner has been actively pursued. However, since it has
been difficult to form micro patterns of less than 45 nm with high precision by a general
method of using a KrF or an ArF excimer laser, a method of using EB or EUV has been
proposed.

[0003]

The following various radiation-sensitive resin compositions have been
proposed as positive-tone resists for electron beams or extreme ultraviolet radiation
used for such ultra-microfabrication.

[0004]
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(resin for KrF exciner), a novolak (resin for
l'ines), and an aci d-di ssoci abl e group: Various patent
appl i cations such as a conposition containing a 5
pol yhydroxystyrene resin partially protected by an
acetal group and an acid generator having
wel | - bal anced sensitivity and resol uti on (see Patent
(1) DochimERAlBImpRfiEPHIRASbhsOkitivedeia 'chnFSsition comprising a
ponhydroxysPyrene resin partially p otectedn%y
poly Mk barétel resifl patRdy phtecte Db PP Soid- AR sQMBNT IRt bnatat
denerates a fluorine-containing aromatic sul fonic
(resirefor KrF @Reimed), blne@blak €resia Forkil el afd ars Adid-ARBodiaHE gwm;pn g
surfactant (see Patent Docunent 4), an 10 oni um Sa
havirivgs phtchegglicativas ehetcdsraongiosition tbm@inggod! p
(fluorine, a cyano group, a nitro group) as a
polylsdbstystynseiresif partiaHy proteoteni 8t an {cemd gRaipand abacid genérator
5), a resin having a disulfonyl group (see Patent
havinozelrbalend@)l sessiti € andrasalutipnNseed®atent drsuinbord)| a gempgsition
see Patent Docunent 7), and the |ike have been
contagiing pelybydroxpsirens resintnasiiallygrotected by watioustagidedisporiable
reached a practical use |evel in surface roughness,
BrouRfe Ak PRIRI %aﬁ,w}aemg%rqtﬁss%ﬂmm@rpomﬁamm arpmatie spifenie peid, and
formation. [%ﬁOS] Mcro-pattern formation is said to
a flugsinefontaupg Or FHEM-cRItHBING Sukegiant Asee P ateatPorymen 4.9 st
L utiljzin qn'effect of acid.diffus'on.éhbn at ent )
omu%%lbh%wg a_JLt) east P%%Ttr@oat?ﬂlvpmp fluorine, a cyano group, a nitro

grou) B PRIl RE ¢ Betiod ROiEy (R Bt Yot Sy iastiaying
. it i ki |1 Li b b

s RIS (B0 PERRLBOL AR 67 Sl pABENAS RS e
ee BRI DY afe L BRRE0isclond, Hgpapep ghse methods
still h(%ggﬁ&ﬂ 1Bikhel @ @@eﬁx;ﬁse (RO WhHRE: RAhness, %&gﬁiﬁ%ﬁ%’ 9

tent Docu and a resin wth an atom

resolMbnCduring rfief-patiestformRiyore! €ct ron beanms introduced into
the resin term nal (Patent Docunment 2) have been

[0005}i scl osed. However, although sone inprovenent of
sensitivity may be recognized, 2 the resins stil
havrr@patdre fidmianios énsid fo\betdyfficalt othien gsing aichémiakty and
out gassi ng. These

amplified resist utilizing an effect of acid diffusion (Nonpatent Document 1).

[0006]

(2) PMMA (polymethylmethacrylate) main chain cutting-type radiation-sensitive

resin composition:

The resin composition exhibits excellent resolution, but can be used in practice
only with difficulty due to problems of sensitivity and outgassing.
Poly-t-butyl-a-chloromethylstyrene exhibiting excellent balance of resolution and
sensitivity (Patent Document 1) and a resin with an atom (N, O, S) which is easily cut

by electron beams introduced into the resin terminal (Patent Document 2) have been

disclosed. However, although some improvement of sensitivity may be recognized,
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resins therefore have not yet reached a practical
usabl e |l evel. [0007] Patent Docunent 1:

JP- A-2000- 147777 5 Patent Docunent 2: JP-A-11-29612
Pat ent Docunent 3: JP-A-6-194842 Patent Docunent 4:
JP- A-2000- 187330 Patent Docunent 5: JP-A-2001-075283
Pat ent Docunment 6: JP-A-2002-072483 10 Patent Docunent

the r%sins%ﬁil%aggg%bi&?ﬁagemm { @t@ﬁinEQ WTRRE, ahd 6ﬁE§Js§h§.0”I'I%ese

etween spatial resolution and reaction nmechani sm o

resin§ FIRPASR! Hae BHP)ck féa@ﬁ’edraegﬂaéﬁcil hiblegkpqt ron beam
I'ithography”, Journal of Vacuum Science & Technol ogy

[000? (USA), Decenber, 2003, Vol. 21, No. 6, pp. 3149 to
152 15 DI SCLOSURE OF THE | NVENTI ON [ 0008] The

Patefd TR&QAeni N\IPNA-2000-h4%747een achi eved in view of the
above problens and has an object of providing a
Patempa¥dcement 2arJitAd 1+896hdd which can formm cro patterns
having excellent resolution at a high precision.
PaterBérmusent hdPpkitt K842 or ni ng net hod of the 20 present

invention includes a step of form ng an upper-1|ayer
Paterft Daogument 4ii JB Ag0a0-19B33¢er i zabl e or crossl i nkabl e

conposition on a under-layer filmwhich is provided
PatenfasumetlolitlPaA 208 bATHS ng or not containing an acid,

reduction_ of outgassi ng which causes a problemin
Paters EinsHenichiaR AR O 11 ed or

Pate#%&éf%%‘éﬁkgéﬁﬁ%hf%? the. pr %se(r:lfmi ﬁiﬁﬁﬁfiﬁt s to

' ’ . ' . ' EB, .
NonRi<ht oS e RERAE b e bl Ay SpB g apom
of ch?xguaﬁg? I?i%ﬁ?ﬁﬁe&’ A fof el@&goneﬁ(etaﬁleﬁﬁogaf)ﬂ}?’y 5 (9.1'1‘1?2111 of Vacuum

Science & Technology B (USA), December, 2003, Vol. 21, No. 6, pp. 314910 3152

DISCLOSURE OF THE INVENTION
[0008]

The present invention has been achieved in view of the above problems and has
an object of providing a pattern forming method which can form micro pattems having
excellent resolution at a high precision. Because the pattern forming method of the
present invention includes a step of forming an upper-layer film containing a
polymerizable or crosslinkable composition on a under-layer film which is provided
with a contrast containing or not containing an acid, reduction of outgassing which
causes a problem in general chemically-amplified or non-chemically-amplified resists
can be expected.

[0009]
Another object of the present invention is to provide a pattern forming method

suitable for EB, X-rays, or EUV using a resist effectively responding to electron beams
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[ 0010] According to the present invention, the
follow ng pattern form ng nethods are provided. 5
[0011] [1] A pattern form ng nethod conprising the
follow ng steps in the following order: (1) a step of
form ng and curing a under-layer filmcontaining a
‘radi ation-sensitive acid generator which generates an

and S&ietheHIPRiSKPRA4f Bt 0 radiation on a substrate, (2) a
step of irradiating the under-layer filmwth

[oo10pdi ation through a mask to cause an acid to be 10
sel ectively generated in the exposed area of the
ungedortiay @6 tHel préBent(idyerdion! the follovias Phflén féiing methods are
upper -l ayer film which does not contain a

providedi ati on-sensitive acid generator, but contains a
conposi tion capabl e of increasing the nol ecul ar wei ght

[001by pol ymerization or crosslinking by the action of an
acid, (4) a step of formng a cured film by

[1] poAypateinfatmiog methodrwswpirisivigi the fdlomang stop in thenfollbeingy eder:
of the upper-layer film 15 corresponding to the area

(1) agteptod dorpitge and ewing afundes-layesdhine portéining @i radinGen-prpsitive acid
generated, and (5) a step of renoving the area of the

genefgipravhich generates an askl yponrREsTe ta @diatien ap agubtrate, (B a step

. under-layer, filmjn which the acid has not been
of n‘f@@ﬁ%ﬁl&th@dl.ndfrdemﬁlm[@}h rdiptiop dhigugh 2 magk 1 gauRGen acid to be

B
R R R R
con B4 b4 e S BBl LB L Al o

. | j p of the
crossinB By 68 4P b BRI T pic o Fotn PR BREa il
polyMB§&kioh 3 SfosdlinkiRe!selettivkly in'fhk afbal e @b‘ér—&?@nt @i a

radi ati on-sensitive acl d generator, 25 but contains-a
corréaPUHARERY toGRPARA 6f BE uhMFIDAS NG ih KidHthe 641l Ahs WRInGaherRiéd,
pol ynmeri zation or crosslinking by the action of an

and (8¥ 4 etep dNebnfo¥ingxhé beP obthefuppei-Rgerefilalit@fbshoddindos the area of
pol ymeri zati on of the nonomer or crosslinking

the usddérdayer Vithyin whichithe arid baofiottbeen perdeated. ayer 4

[0012]

[2]  Apattern forming method comprising the following steps in the following order:
(1) a step of forming and curing a under-layer film containing a radiation-sensitive acid
generator which generates an acid upon exposure to radiation on a substrate, (2) a step
of irradiating the under-layer film with radiation through a mask to cause an acid to be
selectively generated in the exposed area of the under-layer film, (3) a step of exposing
the under-layer film to a gas which does not contain a radiation-sensitive acid generator,
but contains a monomer capable of increasing the molecular weight by polymerization
ot crosslinking by the action of an acid, and (4) a step of forming a cured film by

polymerization of the monomer or crosslinking selectively in the area of the under-layer
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filmin which the acid has been generated. [0013] [3]

A pattern form ng nethod conprising the foll ow ng

steps in the following order: (1) a step of formng

and curing a under-layer filmcontaining a

radi ati on-sensitive acid 5 generator which generates

an acid upon exposure to radiation on a substrate, (2)
film B whicR t18f adi®hd¥ vegn gnez@pér - 1 ayer fil m which does not

contain a radiation-sensitive acid generator, but
[0018pnt ai ns a conposition capable of increasing the

nol ecul ar wei ght by polynerization or crosslinking by
[3]1 t ha pattéindormihg aretlaal abmpaisihgf the follogrimg Steps inahefdivwing drder:

under-layer filmand the upper-layer film (3) a step
(1) asfepiof famhiag ambciring 4 wnderrdyer fiint bortdining i radinbon-sdnsivivg lacid

a mask to generate an acid selectively in the
generatoraghich gehematesanicid higon expasire tasadiatipn oma splasirage, £2)epstep

of formng a cured filmby polynerization or_. )
of forming snivpremigyerdd mewkich dpgs nai copfaingrradiagen-pensitive acid

upper-layer filmcorresponding to the area of the
generatefebut| cajiainsi OMPOAILGA Capable @l inereapingthe mokerulas yeeight by

a step. of renoving t

polyﬁnd igl)n&y swsaﬂmkmgclaﬁhs@m% ek, mfogmir&e%bn{ime from the
i R o L B A i
rodisff oVl s peR B n el el by ip IS iifhel g of the

o HERETFEBS o Ao BE0RiR IO Sl
selecﬁ\:;’%ly éﬁ(‘@l‘l’ziéra‘féanoittﬂgu%%éﬁ- et K %&Eéﬁbﬂ&iﬁg ﬂ% @b glt?eaebf the

ate or a nsate, or bot ot | east one
unde{é—o e iswhieh HRChcid RV YBE F&’{e?é’c@d, Q@RI 83 étél:gof;}femowéin él)w

ounds shown by the follFowng forrula (1) an

area SBthBuBSrUSRY 4l cofrbspbAGIgitH (Y aré Lo RS Bitles- 18N AR e0%hich

atom or a nonoval ent organic group, RZ represents a
the abi a9 6y bedh gBAcPsted NONOvVal ent organi c group, and a

represents an integer fromO to 2,
[0014]
[4] The pattern forming method according to any one of [1] to [3], wherein the
under-layer film is an organic film containing a radiation-sensitive acid generator.
[0015]
[5] The pattern forming method according to any one of [1] to [3], wherein the
under-layer film contains a hydrolyzate or a condensate, or both, of at least one

compound selected from the group consisting of compounds shown by the following

formula (1) and (2),
RLSI(ORM4. (1)

wherein R represents a hydrogen atom or a monovalent organic group, R? represents a
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Rae(R4AO 3 ,Si-(R)d_SI(QRB)3_IR6c (2) 5 wherein R3,
R4, R5, and R6 the sane or different, individually
represent a nonoval ent organic group or a hydrogen
atom b and c individually represent an integer from?O
to 2, R7 represents an oxygen atom or a group
=(CH2)n-, (wherein n represents an integer froml to
{oRgdhifrotp, dnfl @¥Bhresehts drihtelBOfrom 0 to 2,
hydrogen tag?ﬂ°?%?%ﬁﬁgﬁﬁrgt&h%ag’1§%8%?’di ng o 1] or 3],
wherein the upper-layer film contains a hydrolyzate
or a condensate, or both, of a conpound shown by the
following forf‘@) Ki-RBABORCRRA-a @) 15 wherein
R represents a hydrogen atom an al kyl group having 1
to 10 carbon atons, or an aryl group, R2 represents a
hydr ogen atom or a nonoval ent organi c group, and a
whereia[RCeREM s am R thieage of differddt, tindiiduplipieptese@G hmdfovileat
pattern form ng nethod according to [1] or [3],
organit groap o1 & hydiogpe atohm pand tiihdividoaliy mpresentranontggerifoom 0 to 2,
; conpound, excluding at |east one of the hydrolyzate or
R’ represeithamoxygen atonher ¢ giepp at(diahobrhersin nisepressnisanipgger
fornula (1), of which the nol ecul ar weight increases
from Byto S| apehelreprgsendh0 ©F 1.cr ossl i nki ng by the action of an
acid. 25 RaSi(OR2)4.a (1) wherein R represents a
[0014Jydr ogen atom an al kyl group having | to 10 carbon

61 2 e ronasalie e 3 LSBT SR SR
cors G5 B g B9 LB RALEY e otowin

r-layer filmb5 contains a polynmer having at | east
fmm‘?ﬁ@r epeating unit shown by the followi ng fornul as

R':Si(ORY)4a (1)

wherein R! represents a hydrogen atom, an alky] group having 1 to 10 carbon atoms, or
an aryl group, R? represents a hydrogen atom or a monovalent organic group, and a
represents an integer from 0 to 2.

[0017]

[71  The pattern forming method according to [1] or [3], wherein the upper-layer film
contains an organic compound, excluding at least one of the hydrolyzate or condensate
of the compound shown by the following formula (1), of which the molecular weight

increases by polymerization or crosslinking by the action of an acid.

RLSI(ORD4a (1)

wherein R! represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or
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(3), (4A), and (4B) and has a pol ystyrene-reduced

wei ght average nol ecul ar wei ght neasured by a

gel - perneati on chromat ography nethod of 500 to

500, 000, [0019] -(-c-c-~- -{-c2 -c~- -02 4-fRtol L
CRILRo) L "DV\ CURBCIROR9 OH Re/ 'OH RO~ pH (3)
10 (4A) (4B) [0020] wherein Rs and RO show a hydrogen

an ar@té?ar @fgjéé’éntdge[ %LH? %‘?\e k& of a%bn%vﬁ@ﬁtk&gmﬁ’é Si¥Bp, anfdla

up, sents an al kyl group haV|ng 1

R 8L B2 @ Vinyl group, an allyl group, or

r‘31’r6’5‘9f‘53""{‘lﬂE’group and L is 0, 1, or 2. 15 [0021] [9] The

[ooiPattern form ng nethod according to [7], wherein the
upper-layer film contains a polyner haV| ng a

[8] F eﬂ%a‘tt@ﬂl fobiingSAREd fitofdiggmio 1§ Wl&lﬂﬁﬁthd\@p@ﬂla@eﬁﬁiﬁmﬂ

the foll ow ng formula (5) and
contdﬁﬁs' dsdlythengavirgiatdest il ighéating ena ghoxmnb}a thel falowimigfbtmulas
nmeasured by a gel - perneati on chromat ogr aphy net hod of
(3), (BAY) and (APP0ardls aolysGo@R}reduded vRlight ava@Rg8mplerulaf 061ZB}
wherein R11 and R12 represent a hydrogen atom an
measateldybly aggebpprimeation ghrbntatog3aphyrinethod of 500 to 500,000,

[0019]
—~e— —ec —d3- L
R, R, R,
& Cr C\/ Hs
o
@ (44) (4B}
[0020]

wherein R® and R® show a hydrogen atom, an alkyl group having 1 to 3 carbon atoms,
or an aryl group, R represents an alkyl group having 1 to 3 carbon atoms, a vinyl
group, an allyl group, or an aryl group, and Lis 0, 1, or 2.

[0021]

[9]  The pattern forming method according to [7], wherein the upper-layer film
contains a polymer having a repeating unit selected from the repeating unit shown by
the following formula (5) and a polystyrene-reduced weight average molecular weight
measured by a gel-permeation chromatography method of 500 to 500,000,

[0022]
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5 atonms, or an aryl group, R13 represents a hydrogen
atom an al kyl group having 1 to 10 carbon atons, a
vinyl group, an allyl group, or an aryl group, and p
is 0, 1, or 2. [0024] [10] The pattern form ng method
according to [7], wherein the upper-layer film
contains a polyner having a repeating unit selected
fromthe repeating uniﬁvshomn by 10 the follow ng

formula (6) and a,pg® y§tynene-reduced wei ght average

nol ecul ar wei ght sured| by a gel - perneation

chr omat ogr aphy t hod 0 to 500, 000, [0025] ~R181
[ @0

CR14Rls (OR 17 r \(6) 26] wherein R14 and R15
show a hydrogen atom 4gn al kyl group having 1 to 3
carbon atons, or an group, R16 represents an
al kyl group havi ng to 1Qjcarbon atons, a vinyl 5

group, an allyl group, or R’:lz)yl group, R7
represents a hydrog 0 an /) kyl group having 1
aryl group, qis 0O, 1, or 2,

to 10 carbon atons,
and r is 1, 2, or 3. [0028R'™ [11] The pattern form ng
nmet hod according to [7], wherein the conposition of
whi ch the nolecul ar {8i ght has increased as a result
of polymerization of the upper-layer film 10 contains
a repeating unit selected fromthe repeating unit
shown by the following formula (7) and has a
lpozﬁglystyrene-reduced wei ght average nol ecul ar wei ght
asured by a gel-perneation chromatography nethod of

whergi%q{m %mis R&“ r%;gr%SerIt g%grgr]og'e_gatom, an alkyl group having 1 to 3 carbon
atoms, or an aryl group, R represents a hydrogen atom, an alkyl group having 1 to 10
carbon atoms, a vinyl gréup, an allyl group, or an aryl group, and pis 0, 1, or 2.

[0024]

[10] The pattern forming method according to [7], wherein the upper-layer film

‘contains a polymer having a repeating unit selected from the repeating unit shown by

the following formula {6) and a polystyrene-reduced weight average molecular weight
measured by a gel-permeation chromatography method of 500 to 500,000,
[0025]

/

") o
"6‘3“““15 7 } M
L

(OR™),

(6)

- -]
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C \CH OR 15 [0029] wherein R18 represents a
hydr ogen atom an al kyl group having 1 to 10 carbon
atons, or an aryl group. 20 [0030] [12] The pattern
form ng nethod.according to [2], wherein the
conposition of which the nol ecul ar wei ght has
increased as a result of polynerization of the nononer
contains a repeating unit selected fromthe repeating
unit shown by the following 9 fornmula (7) and has a
[oo2@pl ystyrene-reduced wei ght average nol ecul ar wei ght
neasured by a gel -perneati on chronmat ography nethod of
wherbBR 't andBE, 900; a Iy dfoged A&aHn ARAGrop having\h ey Bearbdh Homs,
represents a hydrogen atom an al kyl group having 1 to
or andylgaotyn R "Stepresents an alkyl groyp haviegp.to [10@arbbn afoh)] a Ainyl
conposition for formng an upper-layer filmused in
group,aa abiat grenp, drenmryl group) Rietepoasenis e bydiiogen atomaary alpkegrofp
[1% to [12]. [0032]
having 1 to 10 carbon atoms, or an aryl group, qis 0, 1, or2, andris 1, 2, or 3.

[0027]

[11]  The pattern forming method according to [7], wherein the composition of which
the molecular weight has increased as a result of polymerization of the upper-layer film
contains a repeating unit selected from the repeating unit shown by the following
formula (7) and has a polystyrene-reduced weight average molecular weight measured

by a gel-permeation chromatography method of 500 to 500,000,

gz
.

°R18

)

[0028]

[0029]

wherein R'® represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or
an aryl group.

[0030]

[12]  The pattern forming method according to [2], wherein the composition of which

- the molecular weight has increased as a result of polymerization of the monomer

contains a repeating unit selected from the repeating unit shown by the following
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[14] A conposition for form ng a under-|ayer film used
in the pattern formng nethod according to any one of
[1] to [12]. [0033] 15 The pattern form ng nethod of
the present invention can formmcro patterns at a
hi gh precision and in a stable manner when a pattern
is formed using EB, X-rays, or EUV. BRI EF DESCRI PTI ON
formﬁﬁ (THEdRA W INGStyrdit-fed0a4] wiip kb alefage nobdculue S&ight measured
| owchart of one embodi nent of the pattern form ng
bya?ﬂtﬂwﬁeamfn dhbem#rbgaehy micthodrif iS00 to FI0DOR i s a process
| omchart of anot her enbodi nent of the pattern form ng
10 nethod of the present invention. EXPLANATI ON OF
SYMBOLS [0035] 5 1 Silicon wafer 2 Under-layer film
2a Under-1layer film poniion ocontaining acid generated

by irradiation 3 Up erczlayer .ilmfor patterning 3a
Upper -l ayer filmfog att é@ i n which crosslinking
reacti on has proceede the action of acid in

under -1l ayer film BEST I\/[I)E FOR CARRYI NG QUT THE

| NVENTI ON [ 0036] The patt @Ri®f orni ng nethod of the
present invention will now be described with 15
reference to FIGS. 1 and FIGS. 1 and 2 are
flowcharts show ng the pgttern formng nethod. Note
that the present invention is not limted to the

foll owi ng enbodi ments, and various nodifications and

wherefmﬁ@ rgpr}gs%gl% a yd}g]g%n %Fo%,% aﬂ%X gpo%pq{ﬁgfn%plrﬂoalbeéa%oﬁaag&ns or
an aryl group.
[0031]
[13] A composition for forming an upper-layer film used in the pattern forming
method according to any one of [1] to [12].
[0032]
[14] A composition for forming a under-layer film used in the pattern forming
method according to any one of [1] to [12].
[0033]

The pattern forming method of the present invention can form micro patterns at
a high precision and in a stable manner when a pattern is formed using EB, X-rays, or

EUV.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

FIG. 1 is a process flowchart of one embodiment of the pattern forming method
of the present invention.

FIG. 2 is a process flowchart of another embodiment of the pattern forming

10
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wi t hout departing fromthe scope of the present

i nventi on based on know edge of a person having
ordinary skill in the art. 20 [0037] [Explanation of
FIG1] (1) Step of form ng and curing a under-|ayer
filmon a substrate to be processed A resin
conposition solution for formng a under-layer film

cont.ai ni n n rgani ¢ pol ymer, such as
methﬁgpﬁﬁ&?d?%ﬁ%}@‘lnw’g]ﬁg‘ or a siloxane sol obtained by

hydrol ysis 25 condensati on of tetranethoxysil ane
and/ or nethyltrinethoxysilane, and triphenyl sulfonium
| acid generator are spin-coated on a
EXP%M%@?%Q?W%% a di aneter of 8 inches. The
[OO3§]oati ng i s prebaked on a hot plate at 200 to 300C for
Il 30 to 120 seconds to obtain a cured under-| ayer
1 Fidifedn Whih @ thickness of 80 nm (FIG 1(a)). The
under -l ayer film maybe formed on an organic
2 anghdefidwetian filmafter forning an oxide layer, a
conducti've | ayer, the organic antireflection film and
2a t M@nddriigyer Giimtpbftichi dontding\adi kedorated by Redidtivat ance,
the organic antireflection filmnmaybe forned 5 by
3 spiUpperdaster fign dorgsatieasngd i on for forming the organic
antireflection filmon the silicon wafer 1 and _
3a hddppendayten film dot patigrnimg @ witth ploatlimkatg r2difioh haSpCedded by
60 to 120 seconds. The antireflection film should
the a¢tioneofacidinokdersisyantfilmh ni ni mi zes the rate of
reflection fromthe substrate. The thickness differs
according to the product and is generally 200 to 500

nm 10 [0038] (2) Step of irradiating under-|ayer film
BESTMODEAIE CARCONG XY JTEINSANECN 4 The si | con

fer 1 on which the under-layer film 2 has been
[0034)or red i s exposed to radiation through a mask pattern

R A L AT AR e 5 i
i B ST R VAR ek rming

method. Note that the present invention is not limited to the following embodiments,

and various modifications and improvements of the design may be appropriately made
without departing from the scope of the present invention based on knowledge of a
person having ordinary skill in the art. |
[0037]
[Explanation of FIG: 1]
(1)  Step of forming and curing a under-layer film on a substrate to be processed

A resin composition solution for forming a under-layer film containing aﬁ
organic polymer, such as polyhydroxystyrene or a siloxane sol obtained by hydrolysis
condensation of tetramethoxysilane and/or methyltrimethoxysilane, and
triphenylsulfonium triflate as a photoacid generator are spin-coated on a silicon wafer 1

with a diameter of 8 inches. The coating is prebaked on a hot plate at 200 to 300°C for
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(3) Step of patterning the upper-layer filmAfter

appl ying an upper-layer film3 for patterning which
turns into a negative-tone in the presence of an acid
on the under-layer filmin which 2 and 2a are 20
present together, the resist filmis postbaked on a
hot plate at 100 to 200C for 60 to 120 seconds,

30 todu gk sltosHtsifl aduredIhdeRRS 6 filel 2 ifhta HicRABER B 90 nm (FIG
hydr oxi de aqueous solution at 25C for 30 to 120

1(a)) s eThOGiderddRN A WalyIbeiaingdd orefrdordanie dnfireflEctiom filth after
upper -l ayer pattern 3a (FIGS. 1(c) to 1(e)). Instead
formiaf aaprideilagrtdeondpgbie-layey,ahe drdamicAntifedlectiat filer, rnd the like
the under-layer filmmay be exposed to a nonomer gas
on thewitiborhivgfer 25 Urothat inbthtge, therorgdricantirefieunior filmheayalizafoemed
step of devel opnment is unnecessary. [0040]
by spfrEsqutiagatdompositiorf faiming tiel9rg@tie pntireiléasiom il contlie silicon
curing a under-layer filmon a substrate to be
wafepl ansbhestige the qostingon a hpbiliteiab A0& sl 300°G dorf 4} tof 130 weenyds
under -l .ayer f.ilm containing an_ qrganic¢ polyner, such
The aatireflertjoR, Al siowid havisa thickaess Whishamimizes Bistraternd geffgption
ydrol ysis _condensatign of tetranmethoxysil ane and/ or
from %9§th%1?-%'¥ 958 JHLergprporling togﬁeﬁm Gl m@ﬁ? generally 200
érifl ate as photoacid generator are spin-coated on a
o 504aM con wafer with a diameter of 8 inches. The
[003éjoati ng i s prebaked on a hot plate at 200 to NOT for
O to 120 seconds to obtain a cured under-|layer film2
Wi 1 Ni f ol G Lvely,
¢t fetAb ERE B Py RSB R uis b o) LSRR

Ir efeQflidoR Wa 1%/1?’&]1&}] Gnd ﬁﬂd&-ﬁ:@&eﬁlrﬁ Mg fi%n%rrﬂéﬁ 8xposed

ayer, a conductive layer, t organi c

to ra(fsi]aﬁlfanEf(}ugﬂ 2 RN PR Sorf dnl dPrinfdirtddfatioh K Pibidd % electron

Icon Wwafer 1. In this instance, the organic

beam/dRAWRE apPitaidE Maditfacinged by Hitadhy, 1RE. R205NEIG hYb) indicates a film
- spin-coating a conposition for formng the organic

‘contafriigd thetabidrzenératedlyiingdiaidr)) on the silicon wafer 1 and

heating the coating on a hot plate at 200 to NOT for
[00390 to 120 seconds. The antireflection film should
have a thickness which m nimzes the rate of

(3) r tépectipattarningothe vpperdages filmt e.  The 15 t hi ckness

differs according to the ioroduct and is generally 200
t d\fsm@pplying an upper-layer film 3 for patterning which turns into a

negative-tone in the presence of an acid on the under-layer film in which 2 and 2a are
present together, the resist film is postbaked on a hot plate at 100 to 200°C for 60 to 120
seconds, developed using a 2.38 mass% tetramethylammonium hydroxide aqueous
solution at 25°C for 30 to 120 seconds, washed with water, and dried to form an
upper-layer pattern 3a (FIGS. 1(c) to 1{e)). | Instead of applying the upper-layer film 3
for patterning, the under-layer film may be exposed to a monomer gas with high
volatility. In this instance, the above step of development is unnecessary.

[0040]

[Explanation of FIG. 2]
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[0041] (2) Step of formng upper-layer filmfor
patterning on under-layer film After applying an
upper-layer film3 for patterning which turns into a
negative-tone in the presence of an acid on the
under-layer film2, the filmis prebaked 20 on a hot
plate at 100 to 200C for 60 to 120 seconds (FI G
1) 2( Blep of fdrefiPdnd ringtaamderd- laPrélf fieli & & Bgbstrages bl pyRessed
filmw th radiation to partly generate acid The
Si Airesin covapesition sodutidai fohforméngmoketerdapefilo cbitaidingu
the upper-layer film3 have been fornmed is exposed to
organia goBinien rsuth sopabhwairoaskyraet drey silokane saholgpinedbhdrolysis
irradiation tinme using an el ectron beam draw ng
con damaﬁoabﬂtﬁtrmmhbayﬂihanedndﬁqr wiethyletimethokykilang 2adi n FI G
2(c) indicates a filmcontaining the acid generated by
triphenylswdfoaiune triflat¢ gopitoardl genpragirape sifin-goatedomp wiicomwater
er-layer filmAfter post-baking the silicon wafer 1
Wlth@rdp terofS inelpsy - IThy epating|inprgheked on alyy elate 20 to BPORCFor -

are forned on a hot J)Iate at 100 tog NOT.for 60 to 120
30 tos20sernds te, abtaingasqused yndegrdayer @ma W}Qq qqﬁucxngssyg SHassiIG.
B N g et d b e

d -I FIGS. 2(d
prevefiipE i 'fsﬂef P fosnng anhd g@ﬁv § By ol 70

t.h d fi d.th
renchl MR E ] tﬁhgggaf AU 9P g e

o AR A i b
formﬂ%ttﬁgﬁ suc &goﬂg}%gﬁun ﬁln@gxgﬂfe'sﬁfbon%ﬁ&rdl?o 'lfeatm the

roxyst yrene, yzat

coatlﬁ%] &R B%%f‘ﬁlﬁfeeat 2bo & 300°€ Q&t 60°13€1 20 ERAYR ?B’é ﬁﬁi}éﬁzcﬁéﬁﬂlm
the group consisting of conpounds shown by t

should have a thickness which minimizes the rate of reflection from the substrate. The

thickness differs according to the product and is generally 200 to 500 nm,
[0041]
(2)  Step of forming upper-layer film for patterning on under-layer film

After applying an upper-layer film 3 for patterning which turns into a
negative-tone in the presence of an acid on the under-layer film 2, the film is prebaked
on a hot plate at 100 to 200°C for 60 to 120 seconds (FIG. 2(b)).
[0042] |
(3)  Step of irradiating under-layer film with radiation to partly generate acid

The silicon wafer 1 on which the under-layer film 2 and the upper-layer film 3
have beén formeﬂ 1s exposed to radiation through a mask pattern for an optimum
irradiation time using an electron beam drawing apparatus manufactured by Hitachi, Litd.
(2a in FIG 2(c) indicates a film containing the acid generated by irradiation).

[0043]
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15 followng fornmula (1) or (2) can be given.
Specifically, a hydrolyzate of at |east one conpound
selected fromthe group consisting of the compounds
shown by the followng fornula (1), a condensate of
at | east one conpound sel ected fromthe group
consisting of the conpounds shown by the follow ng
(4) f ostepbhpdtlerning theyppel-lazai @nof at | east one conpound
selected fromthe group consisting of the compounds
shafver pust-bhldng tielsilivongvaZé@ ot which a(u@ler-layediidemsiaine of
at | east one conpound sel ected fromthe group
uppectaysi Sln Bgre fofmedien e bopplateds 18hmvE00§ forte tbdi2D sedangs, the
formula (2) can be given. RlaSi (OR)4_a (1) 25 wherein
resisiis deeghoederning 2.8§ drastie tetransthybemmons @xide pugawns c
group, R2 represents a hydrogen atom or a_ nonoval ent
solutmmgaa ﬁﬁ © for 3Qpo 120 eecandse prasked with water, mné daed fo forment o
.14 R3b(R40) 3- bSl-(R? d- Si (OR5) 3-0R6¢C (2) wherein
UPPeRElyemﬁeRl (EHes. 7 apb2@dne or different,
|nd|V|duaIIy represent a nonoval ent organic group or
[0044] hydrogen atom b and c the sane or different,

B Srant B s tsed KPR er Bl :Fft%?%%?l s
f d )
and 16 e MR BC gjveh o adoiich (oA dr b ERESS SRk o asgtates,
andng’lgﬁtgf%ﬁ% §§ol R and _RZ inthe formula (1), a

unsubstituted al kyl group, aryl group,

‘[00 gllyl group glycidyl 10 group, and the |ike may be

i ven. inthe formula (1) is preferably a

mﬁ@g@n@és S8 Bdfip &hmse@ﬂﬁ tﬂéﬁédeﬁyi‘o@ﬁﬁﬂg REBEENR Qhamon

an a group or A phenyl  group. exanpl es

to or@nid ﬁtﬂyﬁleﬂﬁy;hclg asowyhﬁr&g&!wénega H}!’cﬁoly%ﬂe %} E)ébncﬁah@&ﬂ@ of &
propyl” group, but'yl group, and the |like can be

least Ghy Esmporind s@lelméli fidhothe gpspf neibling dfacdmbolindssheanbgnhe
15 atonms. These al kyl groups may be either linear or

followingrfohaala (1) orvR) cin te divelr o$pecifitally a hw}tolyeaﬂe@lﬁh’alemi one
with a fluorine atomor the |ike. [0048]
compound selected from the group consisting of the compounds shown by the following

formula (1), a condensate of at least one compound selected from the group consisting
of the compounds shown by the following formula (1), a hydrolyzate of at least one
compound selected from the group consisting of the compounds shown by the following
formula (2), a condensate of at least one compound selected from the group consisting

of the compounds shown by the following formula (2) can be given.

RLSI(ORY4. (1)

wherein R’ represents a hydrogen atom or a monovalent organic group, R? represents a

hydrogen atom or a monovalent organic group, and a represents an integer from 0 to 2.
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As exanples of the aryl group in the formula (1), a
phenyl group, a naphthyl group, a nethyl phenyl group,
an et hyl phenyl group, a chorophenyl group, a 20
br onophenyl group, a fluorophenyl group, and the |ike
can be given. [0049] As specific exanples of the
conpound shown by the fornmula (1), trinmethoxysilane,
tr!ephoxy5|Iqﬂ%a{%»iﬁm{ﬁbggqgnéhgaﬁe,ﬁz)
tri-iso-propoxysilane, tri-n-butoxysilane,
tri-sec-butoxysilane, tri-tert-butoxysilane,
tri phenoxysil ane, 25 fluorotrinethoxysil ane,
wherih B9 Rf M tMiPRY Sk lsene or Biffersne-ihdividaalhy rpoocystiad momgvalent
fluorotri-iso-propoxysilane, fluorotri-n-butoxysilane,
orgarfit PRUPLOr hhyewgbuitoxy biahdoehe same or different, represent an integer
fluorotri-tert-butoxysilane, fluorotriphenoxysil ane,
from D50 RORS Bdpresents ma orygemaysi loan groupe(CHSE-h Oxlyeseih ayrepresents an
tetra-n-propoxysilane, tetra-iso-propoxysilane,
integerefrom-lrto ot and dsreprmsents @ et F.a- sec- but oxysi | ane,
tetra-tert-butoxysilane, tetraphenoxysilane; [0051] 5
[004tfet hyl t ri met hoxysi | ane, nethyltri et hoxysil ane,
nmet hyl tri - n- propoxysi | ane, ., .
meAheramples afgbe mopovajart Retaic gravmiApraseated BuRoRYSRY e
met hyl tri - sec- but oxysj | ane .
formg B PepPSfErd OTHASBRLHPA kY] Sropm AT SRR ALY Py elycidy!
et hyl trji.nmet hoxysi | ane,;. hyl trj oXysi | ane
aroug, o the ke BoEsE, 1 nia ekl Ry eiseliepenmalen
ethyltri-n-butoxysilan ethyltri.- - i.|.ane,
oreaiy ey prd bR oo R ot 8 ! G B 7 PIETERME B
[Ooﬁvinyltrinethoxysilane, vi nyl tri et hoxysi |l ane,
i nyl tri-n-propoxysilane, vinyltri-iso-propoxysil ane,

O e i

viny ri phénoxysi | ane;

a butﬁl: %r?g%y Hithd Bt QR beighane, The RIKGPYolp peifiralyHak 28 5 carbon

yl'tri-n-propoxysil ane,

atomB- PTREY iyl gﬂoﬁgs PP BO %ifldr 1B or branched, in which a hydrogen atom
n- propyl tfi-n-Dbut oxysil ane,

may Be RipliRed Wwith-asfheorine atony of thatike. 15
n-propyltri-tert-butoxysilane,
[0048] propyl tri phenoxysi | ane, i-propyltrinethoxysil ane,
i -propyltriethoxysilane, i-propyltri-n-propoxysilane,
i - As exaphples of thoanyt grovpysthedormula (1), a phenyl group, a naphthyl
group, a methylpheny! group, an ethylphenyl group, a chlorophenyl group, a
bromophenyl group, a fluorophenyl group, and the like can be given.
[0049]

As specific examples of the compound shown by the formula (1),
trimethoxysilane, triethoxysilane, tri-n-propoxysilane, tri-iso-propoxysilane,
tri-n-butoxysilane, tri-sec-butoxysilane, tri-tert-butoxysilane, triphenoxysilane,
fluorotrimethoxysilane, fluoroiriethoxysilane, fluoro-tri-n-propoxysilane,

fluorotri-iso-propoxysilane, fluorotri-n-butoxysilane, fluorotri-sec-butoxysilane,

fluorotri-tert-butoxysilane, fluorotriphenoxysilane,
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I -propyl tri-n-butoxysilane,
i -propyltri-sec-butoxysilane,
i -propyltri-tert-butoxysilane,
i -propyl tri phenoxysil ane, n-butyltrimethoxysil ane,
n- butyl tri met hoxysil ane, n-butyltri-n-propoxysil ane,
n-butyltri-iso-propoxysilane,
[0050F butyl tri-n-butoxysilane, 20
n-butyltri-sec-but oxysil ane,
tetrafetbokydilanhé, téteiethorydinny sefraneropoxtysilae] teirplisagropeiyistae,
sec-butyl tri nmet hoxysil ane, sec-butyltriethoxysil ane,
tetra st buisilhnie; tetra-gae-bptoxysilanantetra-tert-butoxysilane, tetraphenoxysilane;
sec-butyltri-iso-propoxysilane,
[0058kcC- butyl tri-n-butoxysil ane,
sec-butyltri-sec-butoxysil ane, ] )
methybumisthoyy tilane,traethylbigtlowysilangnmethyliri-n-propoxysilane,
sec-butyl triphenoxysilane, t-butyltrimethoxysilane,
methylttitisorpraposysilans; saetiei-nbutarysilane; methplivseschatorysiane, 25
t-butyltri-iso-propoxysilane, . .
methb'ltﬁﬂ@?‘lblli?q’qﬁlaﬁ&tfﬁ g],thp&wggxysﬂane, ethyltrimethoxysilane,
t-butyltri-sec-butoxysil ane, .. :
ethylirioghpayeuane, By BORTBRg Y ase cthy iRy POPPRIUMSKy i | ane,

ethyl E—g— lt%&sﬂeggtﬁé@—bgqqﬁ%tﬁéfsri]lgﬂéfle%hryilt%t—t%lgtm%c;xlygi?aenb,
ethylﬁtf}gﬁé%’tfy:s%léliﬁf %@5’@%&%@3&%@%’%@@% llm-xgséitl:qnﬁ’ut oxysi | ane,
iy PR PRSPl | ene
viny%r}—gﬁ%ﬁlgtggcgsgl%?;ﬁrﬁﬂg{fiﬁ%f)%&?ﬁl?%ﬂﬁf’%e, vinyltriphenoxysilane,

~profy e hexpéithe Abropyltri-n- ilane,
n pr%%ﬁ%%%&%?,@%ﬁo{p?l e%th%si I éngzjropg tri-n-propoxysilane

n-prdijyltfij-igé-iéﬂfp@ﬂ{zéiﬂﬂﬁé,tn%r@?}lh@-)ﬁ}tﬁxk&?r@ﬁ&ne@ﬂ@'ropyltﬁisec-butoxysilane,
fluoropropyltriethoxysi | ane; 0052]
n-prcgi:ylfﬂtthﬁl‘dﬁ'tdi@bimyﬁ-bf@?ﬂﬂplﬁﬂnﬂﬁﬁdﬂﬁh@j iigir ypttyisiditaoxgsilane,

i met hyl di - n- pr opoxysi | ane,

i-pro@/leabdthystydilaries Bpropyitd-nymiopawysilane, i-propyltri-iso-propoxysilane,

di met hyl di - n- but oxysi | ane, ) )
i-progylmmHyitaiysdanes; bptopyldiseahetoxysilane, i-propyliri-tert-butoxysilane,

di met hyl di -tert-but oxysil ange, di nethyl di phenoxysil ane,
i-progylisiphenaxysileney rybsitylirivesthapty sdaney Aypubil filagge,

di et hyl di - n- propoxysi | ane, ) ) )
n-butyitsirmpropoxysilang nopiyiréisoprapoxysilane, n-butyltri-n-butoxysilane,

- bu Gy OB O DB SR AgE Do SRR S PR
sec- ity IR Bty Sos R ey e seR e SRy Hah "
secbgﬁkyl{}lg{:%éﬂaogﬁ'ys@gu{ég%@&i ShRysilane,
sec—bgl:;cilﬁl:-ge:cgt%{ngjs{l%rge? %@%{Q@@Erﬁgﬁg{qsﬁ%a sec-butyltriphenoxysilane,
t-but§hriReMbPNhAL TGOS, G, t-butyltri-n-propoxysilane,
t-butyltri-iso-propoxysilane, t-butyltri-n-butoxysilane, t-butyltri-sec-butoxysilane,

t-butyltri-tert-butoxysilane, t-butyltriphenoxysilane, phenyltrimethoxysilane,

phenyltriethoxysilane, phenyltri-n-propoxysilane, phenyltri-iso-propoxysilane,
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di -i so- propyl di net hoxysi | ane,

di -i so- propyl di et hoxysi | ane,

di -i so- propyl di - n- propoxysi | ane,

di -i so- propyl di -i so- propoxysi | ane,

di -i so- propyl di - n- but oxysi | ane,

di -i so- propyl di - sec- but oxysi | ane,
phen@itriinSButBiilthe] iphémir- fatbyss/sil aeephenyltri-tert-butoxysilane,

di -i so- propyl di - phenoxysi | ane, 20 .
phenélitriphddokydidhéeraimducinssthanyeilard] vinylusthibdisBitepxysi | ane,

di - n- but yl di - n- propoxysi | ane,
v-amélioproyiit i edhoxiysitene) B pmineprdpyiteethoxysilane,

di - n- but yl di - n- but oxysi | ane,
y-glydidomypropyltdimethexysilane yyzlydidewypropyltriethoxysilane,

di - n-butyl di -tert-but oxysil ane,
y-trifiiorepropyltrirdethprpsilaney sid it fluoropropyltriethoxysﬂane

di - sec- but yl di net hoxysi | ane,
[0052] - sec- but yl di et hoxysi | ane,

si | ane

sec-butyl di -n-pro
dlme@ylgg@tmgxla@p, 41@2%&;?%?@@;1@% dimethydi-n-propoxysilane,

dlmemy gtgo-ggé;{g%gqlr ag%g?%%g@g%uéwsﬂane dimethyldi-sec-butoxysilane,

dimegry_lé- El:tg{l#(i}qyal- m?ﬁvri(? qu{lgxysﬂ%he, diethyldimethoxysilane,

diethgid_i%tgcﬁySJ e%// hg;?chg&éﬁyﬁ))lg%égnel511ethyld1-1so-propoxysﬂane
diethgidi—nelﬁ{t %‘étlﬂ Jl%@g A kﬁpﬁe diethyldi-tert-butoxysilane,

o Propoxy

e 3 MO0, tnopyigypon
d1—n-g 1di %[;E)ro? y@ﬁadés BlLﬁ-BFopyldl-1so-propoxy511ane
ert ylI"di - phenoxysr | ane,

dl—n—ﬁfdpﬁﬁii%%ﬂt@%kﬂ%y&i—h—@ﬂﬁ)yldilsﬁélﬁﬁ\ﬁbkﬁdﬁaﬁé hoxysi | ane,

enyl di - n- propoxysi | ane,

:dl-n-gtd@EmiLyérelbuﬂoswlﬁﬁ@ RsMEopAdiephenoxysilane,

enyl di - n- but oxysi | ane,

' :di-15(d—ppd])§mdndthomlabe; tdoxspspropyldiethoxysilane,

di phenyl di -tert-butoxysilane, diphenyldi phenoxysil ane,
di- 1smj-pmpygd1wpmpom»1m limase-propyldi-iso-propoxysilane,
- y-am nopr opyl di met hoxysi | ane,
dl—ls@-prqpyg}hmmgmlam él—ﬁgwgpyltgrﬁ@c-butoxysﬂane
di - | yci doxypr.opyl di met hoxysi | ane,
dl-lswrc;ny lgt@rﬁ-ébwwl@w|dm1&9r1?r@nx/1§1-p%ﬁ$@xysﬂane
-trifluqgroprop

dl—n-gw ippthoRYlARH b BN o g@%g ?é-%-wdm TETOROKESILgf
_ h |
i Dy R ARG 1*&-@5‘) B poe) by is Z? mostiane
dion-bEIsb FiBRROY B iai gt rw’ﬁ SEkoxysi | ane,

A p : _ . .
di-n Qﬁ& lp%u[:ﬁo glgang,r cgl)r%c?( ;/)lél me‘fhoxysﬂane, di-sec-butyldiethoxysilane,

di-sec-butyldi-n-propoxysilane, di-sec-butyldi-iso-propoxysilane,

di-sec-butyldi-n-butoxysilane, di-sec-butyldi-sec-butoxysilane,
di-sec-butyldi-tert-butoxysilane, di-sec-butyldi-phenoxysilane,

di-tert-butyldimethoxysilane, di-tert-butyldiethoxysilane,

17



10

15

20

25

15 et hyl trinet hoxysilane, ethyltriethoxysil ane,
vinyl tri met hoxysil ane, vinyltriethoxysil ane,

i -propyl trinmethoxysilane, i-propyltriethoxysilane,
n-butyl trimet hoxysilane, n-butyltriethoxysil ane,
I -butyltrimethoxysilane, i-butyltriethoxysilane,

tert- butyltrinethoxysilane tert-butyltriethoxysil ane,

dl-teﬂ@ibﬂfwdhtﬂ-pf@b i |danat-buplieno-probetRixaesi | ane,
di met hyl di nethoxysi | ane, di net hyl di et hoxysi | ane, 20

di-teflibatydit stbomk sy idiaaebutg diisiybatogydilaxy si | ane,

di phenyl di net hoxysi | ane, and di phenyl di et hoxysi | ane
di-terdbatyddiatabablxgsildne Ofi4brtBneddi- penposilaise, may be used

either individually or in combination of two or nore.
dipheédyldimethdkysiane xiaphehgldi-efhox ystlang rigplehgldi-ngropmiysilaeoups

inthe fornula (2), the same organic groups given as
diphemy bpscepropoxysilime, ﬂmhnnﬂ’ldl-(l-b)ltog:amlabe, G heapyldi-sec-paogpsilane,

Exanpl es of the conpound in whi.ch R7 is an oxygen atom
diphgnyldifiert-butorpsilang, Ziphenpldinhsaoxisilanre divisaingthesyaiane,

hexaet hox d|S|onane hexaphenox d|S|onane
di-y-amipopropykiing %ﬂyvmmymd igthogys

di-y- 11y%1d%x§»r§m@§ - dipBt 3%?p%$mﬁiaﬁwsﬂane,

entaeth | di si e, . 1, .
dicy- t{lféomrwﬂ SRetRs e i W@Pﬁmpm@tho fbcrisilané, and the like can
1,3, 3-tetraet hoxy-1, 3-di net hyl di sil oxane, 1, 1,3,3
Lt r amet hoxy- 1, 3 - di phenyl di si | oxane,
, 1,3, 3- tetraethoxy 1, 3-di phenyl di si | oxane,
,1,3-trinEthoxy 1,3,3-trinethyldisiloxane, 10

1 Aok ekt AREtoty Sy, RERINS i K proposysilanc
tetra-rolppbiys O adhclods S BN A XA e

met hoxy- 1 t et ramethyl di si I oxane,

meth}kﬁetﬂmglsh%y néﬂﬁltﬁaﬁg&?bi?s‘ilﬁﬁé" Yﬁéﬂhfﬁi—ﬁ&%ﬁ@poxysﬂane

, 3-di net hoxy-1,1, 3 etraphenyl di si | oxane, "and

be glv%
[005

' -,ethyltrlmethoxysﬂane ethyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane,

-i-propyltrimethoxysilane, i-propyltriethoxysilane, n-butyltrimethoxysilane,

n-butyltriethoxysilane, i-butyltrimethoxysilane, i-butyltriethoxysilane,
tert-butylirimethoxysilane, tert-butyltriethoxysilane, phenyltrimethoxysilane,
phenyltriethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane,
diethyldimethoxysilane, diethyldiethoxysilane, diphenyldimethoxysilane, and
diphenyldiethoxysilane are preferable.
[0054]

These compounds may be used either individually or in combination of two or
more.
[0055]

As examples of the monovalent organic groups in the formula (2), the same

organic groups given as examples for the formula (1) can be given.
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1, 3-diethoxy I, 1,3, 3-tetraphenyl disil oxane. 15 [0057]

Anong t hese, hexanethoxyd|3|loxane

hexaet hoxydi si | oxane,

1,1, 3,3-tetranet hoxy-1, 3-di net hyl di sil oxane, 1,1, 3,

3-tetraethoxy-1, 3-dinethyl di s i |oxane, 1,

1, 3, 3-tetranet hoxy- 1, 3-di phenyl di si | oxane, 20
stérs-dinethoxy-l, 1,3, 3-tetranet hyl di sil oxane, 1 ,

di et hoxy-1, 1, 3,3 -tetranet hyl di sil oxane,

1, BrathpTBE HAKY cém%mﬁrdem Lt EPRNR M sty Sdnl RSB the¥Bfinula (2)

1, 3-di'et hoxy-1 3, 3-tetraphenyl diSi | oxane are
incluBé ﬁé‘%’i’:@é@‘h&ydzﬂi’@%@] hekRethSx g Rikhhe h@i@ﬂé}ﬁ diefiotdne,

conpound in which dis O in the formula (2),

1,1,1%9@&&%?-3Lﬂ1anﬂdlsn@mt noxy3l3-pehtacBioxy-3-methyldisiloxane,
exaphenoxy I sil ane

1,1,1B,3-pdntamethpen8 phenyidisiiodanepl byl 33 -pedtagikoxy-3-phenyldisiloxane,
1,1,1, 2, 2-pent aet hoxy- 2- net hyl di si | ane, 19
1,1,3 B-tetram2thdx pd (3-dinrest nyddiyil @eapbeny| di si | ane,
1,1,1, 2, 2- pent aet hoxy- 2- phenyl di si | ane,
1,1,3,8-tefracthoxyet Badimethyldisilbxanali net hyl di si | ane,
1,1,2, 2-tetraet hoxy-1, 2-di net hyl di si | ane,
3;5 trtrgmgﬂmeyﬁlén@mh@wdlmlozmmphenyl di si | ane,
2tetraethox -1, 2-di | di sil ane
1,1,3@ tptrgethpxmbﬁ gsﬂgxmq, Eelt:h ;wtgqaxyahé 3-tnmethy1d1s1loxane

1,1 3im%th§x§-ﬁ;3§§]r§€ép§]ggs§§§qrelf ?Ehé%ﬁeﬁéi!y? nig-tnphenyldlsﬂoxane

1,1, 31tn%th§¥§;rélt )flyn)?lldlﬁlléxa:nrgi fgeﬁ@%ﬁtgll SI %éetramethyldlslloxane
et ranmet hyl di Iane

13'diét§° mﬁx@a’?[‘e@y@zséfo raphe%yl :.'iISISI | ane, and

Lo lp Qe i holpdfapRRRIRRY O o ane e be

gl ven €S0 the compound in which RC

1,3-dicthg Wﬁnﬁfﬁﬁ&@léﬂ%ﬁa(z) i ncl ude

exare
mogﬂls(hexaethoxy3|IyI)nethane
bi s( hexaphenoxysi |l yl ) met hane,

bi Atndhgreicbe Rermhdtlid:5idisyloxaR! h@aethoxydisiloxane,
1,1,3,3-tetramethoxy- 1,3 ~dimethyldisiloxane,
1,1,3,3-tetraethoxy-1,3-dimethyldisiloxane,
1,1 ,3,3-tetramethoky— 1,3-diphenyldisiloxane,
1,3-dimethoxy-1,1,3,3-tetramethyldisiloxane,
1,3-diethoxy-1,1,3,3-tetramethyldisiloxane,
1,3-dimethoxy-1,1,3,3-tetraphenyldisiloxane, and
1,3-diethoxy-1,1,3,3-tetraphenyldisiloxane are preferable.
[0058]

As specific examples of the compound in which d is 0 in the formula (2),

hexamethoxydisilane, hexaethoxydisilane, hexaphenoxydisilane,

1,1,1,2,2-pentamethoxy-2-methyldisilane, 1,1,1,2 2-pentaethoxy-2-methyldisilane,
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bi s(di et hoxynet hyl si | yl') met hane,

bi s(di net hoxyphenyl si | yl ) net hane,

bi s(di et hoxyphenyl si | yl') net hane,

bi s(met hoxydi net hyl si | yl ) met hane, 15

bi s( et hoxydi net hyl si | yl') met hane,

bi s( met hoxydi phenyl si | yl ) net hane,
1,1,1 @_,@-? shiRenek PR eMehsldlshadrBLINRD . pentacthoxy-2-phenyldisilane,

b s{ hexanet hoxysi | yI') et hane,
1,1,20-g{hexaeihaxy dinlethyl @kiaRE 1, 1,2, 2-tetracthoxy-1,2-dimethyldisilane,
bi s(hexaphenoxysi | yl ) et hane,
kﬂ—&(ﬁﬁﬁﬁbﬁ@iﬂ@%}h&ﬂ}ﬂﬂihﬂ’dﬂk?l @ Btetracthoxy-1,2-diphenyldisilane,
bi s(di et hoxynet hyl si | yl ) et hane,
1,1,2ktigethoxet hp2stfiethyl disilank,) B1,Batiethoxy-1,2, 2-trimethyldisilane,

bi s(di et hoxyphenyl silyl) et hane, 20
1,1,2rimetheixlgalxy, Aitriphdnyldisilape,) lel, Bdanethoxy-1,2,2-triphenyldisilane,

bi s( et hoxydi et hyl si |l yl ) et hane,
1,2-dibethoet-hd 3, 2Htgrrarephd disydneet Bedighoxy-1,1,2,2-tetramethyldisilane,
bi;%ethoxydiphen I'silyl)ethane, L
1,2-dim@hpxw 1 Hed 2mestapbsapddisiane pangplagrdiethoxy-1,1,2,2-tetraphenyldisilane

1, 3- bi s(hexaet hoxysi |l yl ) propane,
can bg g&vehi s( hexaphenoxysil yl ) propane,

1, 3-bi s(di net hoxynet hyl si |l yl ) propane,
Um5i[3-bis(diethoxynethylsiIyI)propane,

T a?# ésg(-:,ﬂe{ﬁ% E%%cﬁ@ﬁ;}i{ @%}{1&%‘32@%@? n 12 formula (2) include
bisChtagi GBI HGR IR TSP P Rvs PR Ee
e AR
bis(dﬁg%)gagcgﬁ}gm@)yejgaﬁg big R KRS bRy Bl ARSe,
bis(dile’tﬂlo’xgl’z%ﬁlﬁ?ﬂﬁ%ﬂiﬁéﬁ&n@ﬂﬁ&%h@ WisHhRBne,

et hoxy- 1, 2-di net hyl di srl’ane,
is(ethoky d métHyRi K BRRHAAY Yoi X métHOxPABRMyWi S b fine,
ln“el?%?z,2-92%?gethoxy-l%2-dipgegyl ig?Rane, :
bis(e&oﬁydibﬁ@ﬁfbﬂﬂ)nﬁthbn@, ,bis(h&fantivkpyilylettiahgne,
1, 2-di ethoxy-1,1, 2, 2-tetranet hyl di si | ane,

bis(hdxadthbixpsityiend, bis(Re:@phatoxpgilybettade,si | ane, 5
1, 2-di et hoxy-1, 1, 2, 2-tetraphenyl di si | ane,

bis(dmatldrynzatistlsitp)ethiang,| bis(dicthmmpmethylsilyl)ethane,
bi s(hexaet hoxysi | yl ) met hane, .
bis(dimethotypbendsilyhethians, bis(iethowyphenglsilyl)ethane,
. bis(di et hoxynet hyl silyl)methane, .
blS(nwﬂ@e(admhbé%W@x#y%@#(ﬁ%ﬁ&lﬁaml,Sﬂyl)ethane,
bi s(dieth h I silyl th 'y
i D NeR R eane
bi t hoxydi,pet hyl si | th _
13D R ORY D DR RS 14 P e sy sy prame,

L3RRS hRL - AR S S

1,3-bis(diethoxymethylsilyl)propane, 1,3-bis(dimethoxyphenylsilyl)propane,

1,1,2

1,3-bis(diethoxyphenylsilyl)propane, 1,3-bis(methoxydimethylsilyl)propane,
1,3-bis(ethoxydimethylsilyl)propane, 1,3-bis(methoxydiphenylsilyl)propane, and
1,3-bis(ethoxydiphenylsilyl)propane. Among these, hexamethoxydisilane,
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As the conposition for the under-layer filmin the
present invention, the conmpound of the fornmula (1)
and the conpound of the fornula (2), or either the
compound of the forrmula (1) or the compound of the
formula (2) may be used. Two or 15 nore conpounds
sel ected fromthe conpound of the formula (1) or the
hexaethoradisithnef hexbpieenbrydisilane (B), 2/Pei¢trbmcthoee 1, 4 fiafeilyldisilane,
order to ensure excellent adhesion to the upper-I|ayer
1,1,% 2-tetrabthoxpd 2-dinetyddisilane, 1,¢hasiatnetioxy-d(2-dpaenyldisilane,
under-layer filmis preferably either the foll ow ng
1,1, X Bjetraethbhy-1, 220iphenyidisilanar 1,9-dith§thox -0 622 -tet{amjetyldisilane,
hydrol yzate and a condensate, or either the
1,2-digthoxy-y.A 2, 2-tesrametindidisibae 21, 2 slimethexy-¢ drf2tetchpbényidisibane,
the following formula (8), 25 Si(OR)4 (8) wherein R2
1,2-diethowy -5, Lidertamapbenydisilpan, tis(hexamsthaxdysilpliroethareeci f i ¢
. exanples_are the sane 21 as in the formula (1).
bis(hewosmxysilyDmethsne bis(dimebonyigethylsbrlywedane, or either
t he hydrolyzate or the co%ggns te,ﬁof1 sj | ane

bis(desharimetiyy 15k kpethane; Rrs(dim lowsbanepy the
it G e, BTG TahB ei, £o 1ne "

oS R AR o
: i 1 is 1 .
L e e A

[006 npound shown by the fornmula (9) (as conplete
ﬁ@drol ysis condensate) is preferably 0.5 to 30 parts

by ' ' i :
AR g i b IS GIERLY o aciubais, B

compound of the formula (1) and the compound of the formula (2), or either the

compound of the formula (1) or the compound of the formula (2) may be used. Two or

‘more compounds selected from the compound of the formula (1) or the compound of

- the formula (2) may be used.

[0061]

In order to ensure excellent adhesion to the upper-layer film for patterning, the
composition for the under-layer film is preferably either the following (a) or (b),
particularly (b).

[0062]
(a)  Ahydrolyzate and a condensate, or either the hydrolyzate or condensate, of the

compound shown by the following formula (8),
SiOR): (3

wherein R? shows a monovalent organic group, of which specific examples are the same
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15 shown by the formulas (8) (as conplete hydrol ysis
condensate). [0065] Wen hydrol yzing or partially
condensi ng the conmpound shown by the fornmula (1) or
(2), water is used in an anmount preferably 0.25 to 3
nol, and nore preferably 0.3 to 2.5 nol per one nol
of the group shown by RO, RAO, or RGO. if the
: fri0 water used is in the range fromO0.3 to

asnlg.g %%?@(%%ere is only a small possibility of

[oos$iECr ease in hormogeneity of the coated filmand storage
tability of the conposition for formng the

(b) UNABGdloRyate dnldlaBoh@nsk@sbisdithel @ BOHiroBRat drithdddndensate, of
watef is intermttently or continuously added to an

silan® QAP IS Wi ThcludSthetomposhd sHvevicianibe forehuih@Mandihet he
formula (1) or (2) is dissolved. The catal yst may be

compduay shaieh yy dddetlowimgtibends ¢&ni ¢ sol vent or may be
di ssol ved or dispersed in water during the addition
of water. The reaction tenperature is usually 0 to
100C, and 22 preferabhy 15 fo 80C. The conposition for
form ng the under-| afelSifQRPasf €¢?) t he resist of the
present invention may be obtai ned by addi ng an organic
solvent to the reaction solution. [0067] 5 Wen two
or nore conpounds shown by the fornula (1) or the

wherplrTfnd R 2k stee oA Serets IRBYiERALLSOEH, & eoalest pxggigierour,

nor e conpQunds be hydrol yzed,or, condensed . after
of Wli'i?b('Fhﬁ’g“PEFrlg? sﬁanelﬂ? hdhetamegsdhoss %%ﬁa&n@ﬁ gﬁﬁﬂw i§ for 2

formula (1) or (2) may be separately hydrol yzed or
[0064lhndensed and ni xed thereafter. The met hod (b) is

Pt 53¢ g tisreones (o opP g SRl atihs FEediad 56 B AR formua
©) (%%%p‘r%@&% y{;J}&yfsﬁ E:HHJIA@SQQ i fﬁ?eggl%ﬁlly s f?}@éar&rbsrh?éiglg, and

an - organ nor gani ac

moregﬁg%%ibgg@.g?@?ﬁ @5&%0 g)F\gef%g{ Qﬁ“’i b6 phESEy weiEhbsr tht ¥&HpEinds

shown by the formulas (8) (as complete hydrolysis condensate).

10065]

When hydrolyzing or partially condensing the compound shown by the formula
(1) or (2), water is used in an amount preferably 0.25 to 3 mol, and more preferably 0.3
to 2.5 mol per one mol of the group shown by R?0-, R*0-, or R°O-. Ifthe amount of
water used is in the range from 0.3 to 2.5 mol, there is only a small possibility of
decrease in homogeneity of the coated film and storage stability of the composition for
forming the ﬁnder—layer film for resist.
[0066]

Specifically, water is intermittently or continuously added to an organic solvent
in which the compound shown by the formula (1) or (2) is dissolved. The catalyst may
be previously added to the organic solvent 6r may be dissolved or dispersed in water

during the addition of water. The reaction temperature is usually 0-to 100°C, and
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[0069] 15 The foll ow ng conpounds can be given as
exanpl es of the netal chelating conpound: titanium
chel at e conpounds such as

tri ethoxynono(acetyl acetonate)titani um
tri-n-propoxynono(acetyl acetonate)titani um
tri-i-propoxynono(acetylacetonate)titani um 20

prefeHHly s IP(V% &Y M Q@léfgbé’ija@ﬁ: f‘dr(ﬂ?ﬁﬁlﬁ% el RENAYer film for the resist

ri~-sec- butoxynono(acetyl acetonate)titani Um
of thtt, Pfes%]nt Weﬁﬁb‘ ?@@%ﬁdﬂeﬂ%ﬂe@lﬁﬁfg%tdrgﬁﬁﬁ $§Rvent to the reaction
oxybi s(acetyl acetonate)titani um
solutfbi N- propoxybi s(acetyl acetonate)titanium 25
di -i-propoxybi s(acetyl acetonate)titani um
[006®] - n- but oxybi s(acetyl acetonate)titanium
| - sec- but oxybi s(acetyl acetonate)titanium 23
di Wiheh tiivo sy hiosd cursionnds stooncliyetht féranilaigh) or the formula (2) are
nonoet hoxytri s(acetyl acetonate)titani um
used Iiamnblnﬁmcnp @)\the tval acrmosel caopbundst vyt be hyﬂmlwzed or condensed
nono-i - propoxytri s(acetyl acetonate)titani um
after miningror o)t thx fwo psipersetopipavedohawe)byithe firmea (1) or (2) may be
nmono- sec- but oxytris(acetyl acetonate)titani um
sepamtehohydrplyzedign eandensed eyd mixaddherealari t Bhe mﬁﬁhod (b) is preferred.
tetraki s(acetyl acetonate)titanium [0070] 10
[0068) i et hoxynono( et hyl acet oacetate)titani um

| AR EY DR B BRI ARV ORE Bt BTG HHPARS the compound

shown by the formula (1) or (2). A metal chelate compound, an organic acid, an
inorganic acid, an organic base, and an inorganic base can be given as examples of the
catalyst.

[0069]

The following compounds can be given as examples of the metal chelating

- compound: titanium chelate compounds such as

triethoxy-mono(acetylacetonate)titanium,
tri-n-propoxy-mono(acetylacetonate)titanium,
tri-i-propoxy-mono(acetylacetonate)titanium,
tri-n-butoxy-mono(acetylacetonate)titanium,
tri-sec-butoxy-mono(acetylacetonate)titanium,
tri-t-butoxy-mono{acetylacetonate)titanium,
diethoxy-bis(acetylacetonate)titanium,
di-n-propoxy-bis{acetylacetonate)titanium,
di-i-propoxy-bis(acetylacetonate)titanium,
di-n-butoxy-bis{acetylacetonate)titanium,

di-sec-butoxy-bis(acetylacetonatejtitanium,
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tri-n-but oxynono(ethyl acetoacetate)titani um
tri-sec-butoxynono(ethyl acetoacetate)titanium 15
tri-t-butoxynono(ethyl acetoacetate)titani um

di et hoxybi s(et hyl acet oacetate)titani um

di - n- propoxybi s(et hyl acet oacetate)titani um

di -i - propoxybi s(et hyl acet oacetate)titani um

di-t-ﬁﬁtbﬁ‘y-ﬁ@%‘g%iﬁ&%ﬁﬁ&@ﬁﬁ%ﬁaC etate)titanium 20

di - sec- s(€ethyl acet oacetate)titani um

mon8thbzPils@eiRiaséehityiagipacet ate) titani um

nonoét hoxytri s(ethyl acet oacetate)titani um

monfROSoPeB RN hsbRitBkaneh 0oacet at e) ti t ani um
nono- | - propoxytri s(ethyl acetoacetate)titani um 25

mon&T-pPopoxputiquseylac Glabgliagphnacet at e) ti t ani um
nono- sec- but oxytri s(et hyl acetoacetate)titani um
montamRiRtbxPisis@eytiytacstonitbykadahoacet at e) ti tani um 24
tetraki s(ethyl acet oacetate)titani um
monoBacbatory yisaretybatatomptejtitafiamhy | acet oacetate)titani um
bi s(acetyl acet onat e) bi s(et hyl acet oacetate)titaniur,
mongrtrdutoxy-tris(acetylacetonate)titanium,
tris(acetyl acet onate)nono(ethyl acetoacetate)titani um
tetrakis{agetylpretehatelbifanimchel at e compounds such as
tri et hoxynono(acetyl acet onate)zirconi um
[0079}j - n- pr opoxynono(acet yl acet onat e) zi rconi um

-, tri-i-propoxynono(acetyl acetonate)zirconi um
tﬂethwzmﬁr&ﬁ?tgﬁﬁ%%eé WYt onat ) zi r coni um 10

PR A RGP AE B HEB Bnat o) o1 1 conf um
tri-i-propoxy mono(ethylacetoacetate)titanium,
tri-n-butoxy-mono(ethylacetoacetate)titanium,
tri-sec-butoxy-mono(ethylacetoacetate)titanium,
tri-t-butoxy-mono(ethylacetoacetate)titanium,
diethoxy-bis(ethylacetoacetate)titanium,
di-n-propoxy-bis(ethylacetoacetate)titanium,
di-i-propoxy-bis(ethylacetoacetate)titanium,
di-n-butoxy-bis(ethylacetoacetatejtitanium,
di-sec-butoxy-bis(ethylacetoacetate)titanium,
di-t-butoxy-bis(ethylacetoacetate)titanium,
monoethoxy-tris(ethylacetoacetate)titanium,
mono-n-propoxy-tris(ethylacetoacetate)titantum,
mono-i-propoxytris(ethylacetoacetate)titanium,
mono-n-butoxy-tris(ethylacetoacetate)titanium,
mono-sec-butoxy-tris(ethylacetoacetate)titanium,

mono-t-butoxy-tris(ethylacetoacetatejtitanium,
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di et hoxybi s(acetyl acet onat e) zi rconi um
di - n- pr opoxybi s(acet yl acet onat e) zi r coni um
di -i - propoxybi s(acetyl acet onate) zi rconi um 15
di - n- but oxybi s(acetyl acet onate) zi r coni um
di - sec- but oxybi s(acetyl acet onat e) zi rconi um
di -t - but oxybi s(acetyl acet onat e) zi r coni um
tetrakiSPRAFlabASYIctdt SlifaaRiny| acet onat e) zi rconi um
nono- n- propoxytri s(acetyl acetonate)zirconium 20
mono{&RE/Acefinafediiyletiysd{canatsthefitidmal ) zi r coni um
nono- n- but oxytri s(acetyl acet onate) zi rconi um
bis(adEpiecesantdbit@ylace ot ste)titanenpaalt e) zi r coni um
nono-t - but oxytri s(acetyl acet onat e) zi rconi um
tris(atetylncdtbri omhy(ctdpdtcotmatajzititaowinum 25 [ 0072]
tri et hoxynono(ethyl acet oacet at e) zi rconi um
[007X]r i - n- pr opoxynono( et hyl acet oacet ate) zi rconi um 25
ootri-i -E’lr;poxynono(et hyl acet oacetate) zi rconi ym .
zirconinin-chelate eonyprvnds atchyas siehoacaeer(@geylacenatpipirconium,
.. H-sec-but oxynono- (et hyl acet oacet at e) zi rconi um
tri-n-propoxy BonekgepaettesfeEEe Wicet at e) zi rconi um 5
.. di et hoxybi s(et hyl acet qacet at e) zi rconi um
tri-- PP PORYROMU RSB MBI ZEOPBR et at ) zi r coni um

win-bieons BiOpB U T oMLt at o) 2| rconi um.
e BRI ABRAgRCTL L), Loom im0
tri-t-butoxy-mono(acetylacetonate)zirconium, ‘
diethoxy-bis{acetylacetonate)zirconium,
di-n-propoxy-bis(acetylacetonate)zirconium,

di-i-propoxy-bis(acetylacetonate)zirconium,

- di-n-butoxy-bis{acetylacetonate)zirconium,

di-sec-butoxy-bis(acetylacetonate)zirconium,

di-t-butoxy-bis(acetylacetonate)zirconium,
monoethoxy-tris(acetylacetonate)zirconium,
mono-n-propoxy-tris(acetylacetonate)zirconium,
mono-i-propoxy-tris(acetylacetonate)zirconium,

mono-n-butoxy-tris(acetylacetonate)zirconium,

-mono-sec-butoxy-tris(acetylacetonate)zirconium,

mono-t-butoxy-tris(acetylacetonate)zirconium,
tetrakis(acetylacetonate)zirconium,

[0072]
triethoxy-mono{ethylacetoacetate)zirconium,

tri-n-propoxy-mono{ethylacetoacetate)zirconium,
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nonoet hoxytri s(et hyl acet oacet ate) zi r coni um

nono- n- propoxytri s(et hyl acet oacet ate) zi rconi um
nono-i - propoxytri s(ethyl acet oacetate)zirconi um
nono- n- but oxytri s(et hyl acet oacet ate) zirconi um 15
nono- sec- but oxytri s(et hyl acet oacet at e) zi rconi um
nono-t - butoxytris(ethylacetoacetate)zirconium

tri- 1—;}5@&5% ia@%ﬁé@?@&ﬁé&ﬁ&mr coni um

etonate)tris(ethyl acet oacet at e) zirconi um

tri- n-@htga&g‘ﬁﬁ;n)ﬁ %ﬁﬁ&m&%@ﬁ&ghnﬂacet oacet at €) zi r coni um

tri-sek b ﬁd %ﬁagatgg@?megﬁlﬁh acet oacet ate) zi rconi um
- [0073] and al um num chel at e conpounds such as

tri-t-butb St M6 RS (¥thytebena A alrbsrinmm and
trl)?ﬁet hyﬁkacet acet at e);igl um num [0074] 25 Exanpl es of
diethbRebie(cttaiicetacttdte)hebuidm, acet i ¢ aci d, propionic acid,
but anoi ¢ acid, pentanoic acid, hexanoic aci d,
di-n-pepbeybis(zttadicdtoacetbi@)niriconiany, d, nonanoi ¢ aci d, decanoi c
acid, oxalic acid, maleic acid, nethylmlonic acid,
di-i-prdpiyoigethyllacetobetite)zimedniimgal | i ¢ acid, 26 butyric
acid, nellitic acid, arachidonic acid, shikimc acid,
di-o-butexyrhistedndanstanceteterirconisme  aci d, stearic acid,
linolic acid, linoleic acid, sallcyllc acid, ben20|c
I'Seﬁ'@p@XY]blsé?ﬂlﬂé%Wa@)ﬂme t ol uenesui f oni ¢ aci d,
benzenes oni ¢ acid, npnochi oroacetic acid,
di-t-hyteayy EBF(S‘E’Q’ PLOacEiate)ZIr¢oNMR,r oacet i ¢ aci d,

trlfluor tlc aci form c acid, rralonlc acid, 5
mon%eﬁlpqxgﬁpg(e etogq.atq,ﬁ%z]rg OYMY  funmaric acid, citric

id I ke. I
m"n‘bf’ e e B ahee Ut G ¢ acta, mitrie

mondiEpthpeRtditihfip A e EgthOr  © aci d. and

[ 0076]
mono-n-butoxy tris(ethylacetoacetate)zirconium,

- mono-sec-butoxy-tris(ethylacetoacetate)zirconium,

-mono-t-butoxy-tris(ethylacetoacetate)zirconium,

tetrakis(ethylacetoacetate)zirconium,
meno(acetylacetonate)-tris(ethylacetoacetate)zirconium,
bis(acetylacetonate)bis(ethylacetoacetate)zirconium, and
tris(acetylacetonate)-mono(ethylacetoacetate)zirconium,;

[0073]

and aluminum chelate compounds such as tris(acetylacetonate)aluminum and
tris(ethylacetacetate)aluminum.
[0074]

Examples of the organic acid include acetic acid, propionic acid, butanoic acid,
pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic

acid, oxalic acid, maleic acid, methylmalonic acid, adipic acid, sebacic acid, gallic acid,
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10 As exanples of the organic base, pyridine, pyrrole,
pi perazi ne, pyrrolidine, piperidine, picoline,
trimethylam ne, triethyl am ne, nonoet hanol am ne,

di et hanol am ne, di net hyl nonoet hanol am ne,
nononet hyl di et hanol am ne, tri et hanol am ne,

di azabi cycl o octane, diazabicyclo nonane di azabi cycl o

butylilﬁ? %23 %Il%gég(télr Saer}g(t:hm%gnci 6(‘33;075?11 l’Inrrﬂch ggﬁg?xaa?lﬁlgta%% oleic
acid, s&%ﬁlg%ag llpogi%ed’Gl ﬁﬁ&gicaamds gﬁ g‘ﬂ} Qéﬁgr@%ﬁ%% ’acﬂoééﬁﬁgtlrlfgﬂ@uom

roxid

acid, pABiehERIHAR Hf géﬁ’z%ﬂ%suifggz%an%ﬁgcﬂlgkgﬁ&tﬁ%Ei%' ysts, a

ate conpoun an organi c acl h 20

dmhlbe%E&?crHa:fd Wréiflordheti ra@xfdefrﬁﬂgﬁoacéﬁhda&d tbinRE fa&:’i@[‘ ﬁﬁl%'n?é &id,

conmpoun an organi ¢ acl are nore pre erab

sulfom%?d 9%@1:&&6@ mﬁl\m@@clasaaq&acw %ﬂa‘ﬁ%%ﬁd' Qﬂlﬂhle)ﬁk@f in
mbi nation of two or nore. [0079] The anpunt of the

[oo7§]at al yst used is usually 0.001 to 10 parts by weight,
and 25 preferably 0.01 to 10 parts by weight for 100
paAkb exdypleeofthé imkganheacidsipdtochléisacid, aiigpiceic, sulfuric acid,

hydr ol ysi s condensat e) obtai ned from the conpound of
hydréfhericaici) bad pligsphofiddBDiante diveri. d generator] A | atency

phot oaci d generator can be given as acid generator
[007¢ked in the present invention. [0081] 5 The | atent

aci d generator used in the present invention is a

c ofvp examplefeoidhe pigagic base, apiidingypypele gipierazing pyreeliding h

uItraV|oIet s Wth ener of usually 1 to 100 mjl,
piperigdige, pmo@pgrtggqeﬁlﬂ@mp@ tgghﬁgmmgq;@g)glgethanolanune diethanolamine,
dimethyl monoethanolamine, monomethyldiethanolamine, triethanolamine,
diazabicyclo octane, diazabicyclo nonane, diazabicyclo undecene, tetramethyl
ammonium hydroxide, and the like can be given.
[0077]

As examples of the inorganic base, ammonia, sodium hydroxide, potassium
hydroxide, barium hydroxide, calcium hydroxide, and the like can be given.
[0078]

Among these catalysts, a metal chelate compound, an organic acid, and an
inorganic acid are preferable, and a titanium chelate compound and an organic acid are
more preferable. These catalysts may be used-either individually or in combination of
two or more.

[0079]

The amount of the catalyst used is usually 0.001 to 10 parts by weight, and

preferably 0.01 to 10 parts by weight for 100 parts by weight of the compound (as

complete hydrolysis condensate) obtained from the compound of the formula (1).

[0080]
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Exanpl es of the photoacid generator include oniumsalt
phot oaci d generators 10 such as di phenyl i odoni um
trifluoronmethanesul fonate, diphenyliodoni um

pyr enesul fonat e, di phenyli odoni um

dodecyl benzenesul f onat e, di phenyl i odoni um

nonaf | uor o- n- but anesul f onat e,

[Acupgé}{efla;t@f but yI phenyl )i odoni um
trifluoronet hanesul fonate,

bi & {fedcyPhovdapidesenbiatR¢an by Fivénde st entaeaedivthtResent
bis(4-t- butyl phenyl )i odoni um napht hal enesul f onat e,
invertiof( 4- t - but yl phenyl )i odoni um hexaf | uoroanti nonate, 15
bi s(4-t-butyl phenyl )i odoni um
[oo8Honaf | uor o- n- but anesul fonate, triphenyl sul foni um
trifluoronetane sulfonate, triphenylsulfonium
‘heRizf lateot oo genapatat vsed it thiegiresent imubritmmiisiacompound generating
napht hal enesul fonate, triphenyl sul foni um
an acitbopabéing mdmtb@wghe@tuﬂvﬁtdﬁaﬁgs with energy of usually 1 to 100 mJ, and
di phenyl ( 4- net hyl phenyl ) sul f oni um .
preferably 1Q s hanesul f onat e,
di phenyl (4- met hoxyphenyl ) sul f oni um 20
[0082) i f 1 uor orret hanesul f onat e,

d b t hyl sul f
( ’E?ré‘i‘(?ié E%g%cgggc%c? E?nré?at 1n§1ldde grrllllulrjnrgalt photoacid generators

such 9%/ ﬁlpﬁ l mat HP%E()'?% 7 Iesouli onXte) (%pilenyﬂogomum

pyret{elsll(flﬁx}?gq, %ﬁéw@?ﬁf ¥rb$] A{égy)z%egzexl{clesfu%nﬂe diphenyliodonium
nona.ﬁﬁ&?trpwltgges XS ltﬁag E—épé&ﬁﬂgﬁ foH 1um rlﬂuoromethanesulfonate

['uor one aneéu

bis(4q%gfg%ﬁ%at i aéc%cyl%ﬁz%ﬂ%ﬂoﬁé’t%fQEU4‘+"9utylphenyl)1odomum
naphﬁﬁteh¥§1‘li%ﬁ¥t@ hﬁg@@lﬁﬁﬂﬁﬂéﬁﬁi&@bh&% h&RHMoantimonate,

t ol uenesul fon 1- napht hyl di met hyl sul f oni um

b1s(4tttuuft PR IR ddanes HddaPiaictn-bitanesitbyite] teibhetlysultbaiaim
trifluoronet hanesul fonat e,

| trifluérometdie-shifomdnd) ttbltbnyBhfydis ml Heaaflusro@flimonate,

trifluoronet hanesul fonat e,
triphéyhivifoniuln mephtttajdndsuifenite] sphéoisufonium
trifluoronet hanesul fonate,
nonaﬂu@mtﬂabmhtamesn]ématg; |ditheny Ik methylphenyljsulfonium
__trifluoronethanesul fonate,
trifluaropyeshane switppatey dighenyigtmetheomhemy)sulfonium
trifluoronet hanesul fonate
tnﬂugnqmqtlpa@espttlf}@gﬁet g}qyéqogym)qnganlgﬁpwthylsulfomum toluenesulfonate,
tr | flu

cyclohexd y?rret han ST fﬁﬂi{g}pgw triflyosomethanesulfonate,
dwycic*r%'ﬂ?@?eg?g%c 318 iﬁ P RE b Pugromshagarlionste,

N e ———
hexaﬁudrom%o%%e, H‘?ﬂﬁ%ﬁﬁg&?&ﬂrﬁ camphorsulfonate,

(4-hydroxyphenyl)benzylmethylsulfonium toluenesulfonate,
1-naphthyldimethylsulfonium trifluoromethanesulfonate, 1-naphtyldiethylsulfonium

trifluoromethanesulfonate, 4-cyano-1-naphtyldimethylsulfonium
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4- et hoxy- | - napht hyl t et r ahydr ot hi opheni um
trifluoronethanesul f onat e,

4- et hoxy- | - napht hyl t et r ahydr ot hi opheni um
trifluoronethanesul fonate, 10

4- et hoxymet hoxy- | - napht yl t et r ahydr ot hi opheni um
trifluoronethanesul f onat e,

triflubrdhdiRanesmdiatey 4lmtﬁ@-ﬂh{a%ohﬁyﬁ11ﬁ1@ﬂ1¥/£§hﬁbﬂhﬁphem um

trifl uoronet hanesul f on

trifluérdrieth@iebelfotatd) axidthyl- Ragitityliinedth byl tinidi opheni um

trifl uoronet hanesul f onat e,

trifluérdneth@michafomatd) dxcydncl1-maplitydidtegindfoniirmt hi opheni um
trifluoronet hanesul fonate,

trifluéromdthameynd fomaten yikmitcy-1-raphiyhdipthy st ifediyicr toflh oxmoplethtnasnl fonate,
trifluoronethanesul fonate, 15

4-methytlhoaptyddiothyist Sayiuin-triflpatopiet lne attfpdates hi opheni um

trifl uoronet hanesul f onat e,

4-hydromy(reapbicydisetyispiioniypm triﬂapmmth@mdfwr@teot hi opheni um
trifl uoronet hanesul f onat
-hydnomﬁrwbﬂv&taﬁremlpqt@@hqm% priysrpmethapesy PR opheni um

trifluoraonethanesul f onat

4-mejrhq$f;rr)1up%9w&‘ieﬁ'é r@kwpﬁemwaﬁflﬁp@r@memw%ﬁﬁt@phem um
4—ethtgg§<iz flﬁgﬁg?gﬁvnﬁ i f@;‘?&ﬁ%ﬁ?ﬁ%@@ﬂhﬁ?ﬁﬁfﬁw >opheni um
-meiﬁdeiyn}% "ﬁ%ﬁ%@ﬁf?}&ekﬁ%@%ﬁ iopReniup R poSmE e R Sphen

ettty { IR OPRS A AR Rum iucromethancswfonats ophen
0 Ez*éﬁﬂe%‘%é%@-?ﬂﬁ*h%ﬂ&ﬁﬁ%{fﬁﬁﬁﬁﬁw SRR penesolonste
4-(2- e%ﬁdxgﬁ&xﬁﬁ? Rt th §bh10 C}um tﬁﬂuowmethanesulfonate

etr rot hi opheni um

-m&ﬂdx@bﬁﬁé@l&iﬁ%ﬁ &I@é@ﬂ:ﬁ?&othl&ﬂleﬁﬂl@fﬂﬁﬁﬁ:ﬁhﬁhé}hﬂﬁsulfonate
compound photoaC|d generators such as

4-ethdRpdayh iyt ll~ﬁ515h%ﬂ&&’@h)?m‘bﬂndphéﬁlhﬁ&hﬂﬁoromethanesulfonate

nmet hoxyphenyl - bi s(trichl oronet hyl)-s-triazine, and

4-n-prapixiybatbetdiiexy- 1 inaplitoit @raby dpthiepghehiunadiflverorh@ndidfulRhate,
di azoket one conpound photoaci d generators such as

4-i-pligp@xyapiviny ooyt Ianapthiyiteirshyddetbivphamyh ¢hiflosronbethanesulfonate,
1, 2- napht hoqui nonedi azi do-"' r-sul f onyl chl or de,
4-n-butexynag Shnﬁ@xwﬂm@h’@tmitemhm@rotlhlgmhenmtréluommethanesulfonate
2,3,4,4" -tetrabenzophenone, and
—t-bntozywam uli-mh@d&érﬂhmot@qpbPmmatflﬂu@msthanesulfonate
sul foni.c a¢id conmpound

2,3.4. 4
4-(2 ﬁﬁ@b}ﬁareftwa g@?ﬁ?@%&@@@ﬂﬂé@mmbﬂ% tafngrgmeiiippesitionate,
442'@@&’}5%8&87?@3?%8?#1& fetr ddr%mﬂ)pgemum trifluoromethanesulfonate,

4-benzyloxy-1-naphtyltetrahydrothiophenium trifluoromethanesulfonate,
1-(naphthylacetomethyl)tetrahydrothiophenium trifluoromethanesulfonate;
halogen-containing compound photoacid generators such as
phenylbis(trichloromethyl)-s-triazine, methoxyphenyl-bis(trichloromethyl)-s-triazine,
and naphthyl-bis(trichloromethyl)-s-triazine; |

[0083]
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sul foni c acid conmpound phot oaci d generator such as
benzoi ntosylate, tris(trifluoronethanesulfonate) of
pyrogal |l ol , nitrobenzyl-9, 1
0- di et hoxyant hr acene- 2- sul f onat e,
trifluoronethanesul fonyl 10
bi cycl o[ 2, 2, 1] hept - 5- ene- 2, 3-di car bodi i m de,
iazd .8 b kY lefdid s WQ4 t hanesul f onat e,
diaz 1,eg%ﬁn§pﬁl¥§§ﬁ£¢1}gé§ggar%egxya §g acid imde
1,2-faphhbuAhOHEIBRBCA NIk RIoridEnese phot oaci d gener at or's
can be used either in ividually or in conbination of
1,2-aYRth8uil®eRiazido0R 8 A on} RehloPRieY €0tdap % gRh&FedRlzido0e sulfonate
organic solvents used for the under-layer film
of 2,%,aMpasgtdbeffbphérntik Uil B nppahdduikordaRsA6I0a Rkt S

such as n-pentane, i-pentane, n-hexane, i-hexane,
2,3,40¢ epdb@Rgophendirphidfvic abid cdmpaundghbicapidpeasators such as
n- oct ane, i-octane, cyclohexane, and nethyl

4-trisphetachiBybdore;, nesioyipiidnacyiydfonepadadns(phényésnifongpméthase; and a
benzene, toluene, xylene, 20 ethyl benzene,
sulfonici avist ¢ophiimend phetoacie ghndratohpudhen bemmwintosybatepy| benzene,
_ _i-propyl benzene, diethyl benzene, i-butylbenzene,
tris(triflierometisaesuifpnate i fiyregadpl | benzene,
n- anyl napht hal ene, and_tri net hyl benzene; nonoal cohol

nitrobegizy R Q-digthoxyanthrsentaAgniionate, faenromgthanesp Hpeyl

bicyalolB LRGSR AAAERO B0 SHETBRY USRgEiRg | but anol
i3Sl A Rpb, SRR Bl RR R AL o
uift§ i fRnn - ShER B tbarth oo R bt SRS e guatty
or inGpAERANON oL R EGEHIEECY 21 Conol | sec. heptadecyl 30

[008 cohol, phenol, cycl ohexanol, nethyl cycl ohexanol,
, 3, 5-trimethyl cycl ohexanol, benzyl al cohol, phenyl

ISolvgijhy! carbinol, diacetone al cohol, and cresol;

pol'yhydri c al cohol solvents such as ethyl ene glycol,

PreinhREcofahy 6@hnic Soldeiy ivddefoptighimdelayer film composition
pent anedi ol -2, 4, 2-nmet hyl pent anedi ol - 2, 4,

incluble Xligtadc @y drdcarbohapianesichlas 8.péntahe, i-pentane, n-hexane, i-hexane,
2- et hyl hexanedi ol -1, 3, diethylene glycol, dipropyl ene
n-heghnes ohepthnd, 22tWramethyjpsrtae, n-octane, i-octane, cyclohexane, and
methyl cyclohexane; aromatic hydrocarbon solvents such as benzene, toluene, xylene,
ethylbenzene, trimethylbenzene, methylethylbenzene, n-propylbenzene,
i-propylbenzene, diethylbenzene, i-butylbenzene, triethylbenzene, di-i-propylbenzene,
n-amylnaphthalene, and trimethylbenzene; monoalcohol solvents such as methanol,
ethanol, n-propanol, i-propanol, n-butanol, i-butanol, sec-butanol, t-butanol, n-pentanol,
i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol, 3-methoxybutanol, n-hexanol,
2-methylpentanol, sec-hexanol, 2-ethylbutanol, sec-heptanol, heptanol-3, n-octanol,

2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethylheptanol-4, n-decanol,

sec-ﬁndecyl alcohol, trimethylnony] alcohol, sec-tetradecyl! alcohol, sec-heptadecyl
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~tripropylene glycol, and glycerol; ketone solvents
such as acetone, nethyl ethyl ketone, nethyl n-propyl
ket one, methyl n-butyl ketone, diethyl ketone, nethyl
i -butyl ketone, nethyl n-pentyl ketone, ethyl n-butyl
ket one, nethyl n-hexyl ketone, di-i-butyl ketone,
trimethyl nonanon, cycl ohexanone, nethyl cycl ohexanone,

alcoh%f jahﬁﬁc{lt @;J&fcﬁtesmgye 1, AERYRPMbhAnSC S5 IQimdhAGRIGHR anol,

aceto none, and fenchone; ether solvents

benzﬁtatébhaﬁ pREQY lmet 1R28#bind] - AR SBI6I, an@c&sﬁlybo@t e,

hexyl ether - et hyl hexyl et her, ethylene oxi
alcohlal 251PEAPHIRRE cOXica8 glytoD podANne dhydsbtiacbalyoxe Iogmst,
di oxane, di nethyl dioxane, ethylene gl ycol nononet hyl

penta@kdi6l-2, 4eﬁlﬁﬂdt@1?elﬂér}éﬁﬁﬂ-m meeireyiol-215h heptareidivtizen e

gl ycol diethyl ether, ethylene glycol nono-n-butyl
2-ethglhbednedii-nyd, divehydénecgiycolpdipropyleex glycal; tristhyldfe glydoy| ene

gl ycol nonophenyl ether, ethylene glycol nono-2-ethyl
triprdpytenk ghtcbband glyostok rketonglspbehtsdiudhdsydcetonangthyl ethyl ketone,

di et hyl ene gl-.ycol nononethyl ether, diethylene glyco
methplorprplyy ketors, inethy] ot battyhdetone, dieihybketenee mejiiy] ebh‘%fl etone,

di et hyl ene gl ycol nono-n-butyl ether, diethyle
methg] nperityldietonep ethyl n-butybketons, @@q@yl Xyl kesene, d1-1-butyl ketone,

nono- n- hexyl et her, ethox egcoI t et raet hyl ene
trimegfyy) @@nan@n wsbth@wm@?ﬁeﬁthytyw lwéﬁ@eg cﬁﬂm%ﬁ%ﬁ%taﬁVPnYI

acetcgpyitsetdis %@ﬁh@f;wﬂ%ﬂqwg?l’( SR TrEe. et enta R oY R
etherdttfpaﬂﬁdfé% SRy Eas ‘?rﬂﬁ’(‘?&’ltﬁ?? 1 Ehnaiheylieit sshsigne oxide,
12-sfoniie R B %P%%Eﬁgﬁﬁ‘y ORISR WD Duitfly RARRY" Y
cthylpf AIOMAGHAR oBRE, ﬁ@‘%??%ggﬁé‘t’ﬁ@*ﬂ‘@t e iy 1ol

diethgf étﬂér &pﬁ%ﬂé yodf “ReHoh-® 9%@@? eth(%@nx gmb%eh@fﬁtm ether,

ace , 1-propyl acéta butyl aceta

- ethylbnebélgé’dl Iﬁ&ﬁbﬁé@l ethS€ @ﬂm&x lglRe PBA& 2-dthyR BOEY kthek eﬂ@teae

entyl acefate, nmet hoxXybut yl acet'ate,

: glycd]‘alﬂﬂﬁ’)l’lléﬁ'[&deetﬁﬁﬁﬁélgl?coﬁn@{di’bﬁt&ﬂteﬂier akiethyléke glycol monoethyl

2- et hyl hexyl acetate, benzyl acetate, 31 cycl ohexyl
etheradiefhgle@e giebhgibibyéthéredigthyheme ighiico] monsastyltyl adet, aligthylene
nmet hyl acetoacetoate, ethyl acetoacetate, ethylene

glycd ldy-adiutytetiensli¢tinyiemnt gigcolamntoan-hexﬂ ethet, eth@xg ltyglpdol,
nonoet hyl ether acetate, diethylene glycol nononethyl

tetragthylene glyenl ali-a;butiyl @thwlmqwlgteygimol mepnwethyl ¢the heppylene
acetate, diethylene glycol nono-n-butyl ether acetate,

glyca) nmwb@ybetgqaryp@[pylene glycol monopropyl ether propylene glycol

monobutyl ether, dipropylene glycol monomethyl ether, dipropylene glycol monoethyl
ether, dipropylene glycol monopropyl ether, dipropylene glycol monobutyl ether,
tripropylene glycol monomethyl ether, tetrahydrofuran, and 2-methyltetrahydrofuran,
ester solvents such as diethy! carbonate, methyl acetate, ethyl acetate, y-butyrolactone,
v-valerolactone, n-propyl acetate, i-propyl acetate, n-butyl acetate, i-butyl acetate,
sec-butyl acetate, n-pentyl acetate, sec-pentyl acetate, 3-methoxybutyl acetate,

methylpentyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl acetate, benzyl acetate,
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5 nmononet hyl ether acetate, propylene glycol nonoethyl
et her acetate, propylene glycol nonopropyl ether

acet ate, propylene glycol nonobutyl ether acetate,

di propyl ene gl ycol nononethyl ether acetate,

di propyl ene gl ycol nonoethyl ether acetate, glyco

di acetate, nethoxy triglycol acetate, ethyl

AR BB R AR e e, PO P e
ethyl?fcggbhge}tﬂrﬁf;fl‘%)ﬁené’glﬁ?éﬁl )‘llloﬂoﬁ‘lféﬂgﬁ] BtheFacRRMd, aeﬁ'grlérﬁ@l}%‘bﬁ ;

nat €, " di methyl phthal ate, di et’hyl
mon®hN kiR 8cettb! diOUSRNE %l_%_@!' HoitEnetH RN het S CAletBflene glycol
N-net hyl for mani de, N, N-di met hyl f or mam de, _
monb\!’nh'\fi ity bEQstaPdEElene A5EblaAbAEN-bhtyIethey deept, Pidmltene glycol
N, N- di net hyl acet am de, N-net hyl propi onam de, and

mondmemyhsth@yiceatd, propelenaplycsiuthdnetisdsthat adetute, podpybenieplycol
such as dinethyl sulfide, diethyl sulfide, thiophene,

mondrbpyl itk atdratepirepyenedilpet] mydnobutyf etkerdaetasa, dipobmsiene glycol
and 1, 3-propane 15 sultone. [0085] The sol vents shown
mondyethileether acetaien dipfapyhenk glyctDinonpashyl rettfer nedsity, glyend diagetate,
the - present invention. 20 R 90(R210)eR2 (10) wherein
meth@gp trigivcoRacetatacithyl poepionate, edruylarepianaig,draved proienateor
a nonoval ent organic group selected fromthe

diethg??ﬂgﬁ,ﬁgl-gﬂyl??j@ltz %net]@fl (égrﬁatﬁ, Stk éaclat?, @;?tglé:%%t{%: g—:myl
lactaig, digtheh @aipraten MR GhEhateds 450 ghethohphbelals Bt ek anaming
vy e b S B L BREN hgormanic.
GG Ri mTRA: SLHE s
N T s BN PE S TSI D, i
sulﬁ%t, %l‘g‘?ﬂ’)hegib%r%fg%drcﬁﬁigg*ieyng,g?i ol H@ @{cﬁ!ﬁ’é g{ﬂ’ﬁdg%x{féﬁ t¥d 1,3-propane

ene

-sultoﬂ{e.pr opyl ene gl ycol nonoethyl ether, 5 dipropylene
9

ycol rmonopropyl ether, dipropylene glycol nonobutyl

‘[oos§f her, di propyl ene

The solvents shown by the following formula (10) are preferably used in the

present invention.

R190(R210)3R20 (10)

wherein R' and R” individually represent a hydrogen atom or a monovalent organic
group selected from the group consisting of an alkyl group having 1 to 4 carbon atoms
and a group shown by CHsCO-, R*' represents an alkylene group having 2 to 4 carbon
atoms, and eis 1 or 2.

[0086]

As preferable examples of the solvent shown by the formula (10), propylene
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ether, diprenydgrieclyiiod

gl ycol di nethyl ether, dipropylene glycol diethyl
et her, dipropyl ene glycol dipropyl ether, dipropylene
gl ycol dibutyl ether, propylene glycol nononethyl
et her acetate, propylene glycol nonoethyl ether
acetate, propylene glycol nonopropyl ether acetate,
propyl ene gl ycol nonobutyl ether acetate, dipropylene
glycSl MERIm AR MRS rbp Rt Ratlyes %@b@m 1Qnel Pfog?béh@ pEcdl ycol
nDnoethyI et her acetate dlpropy ene gl ycol ndnopropyl
mon6popyl et eﬁr@f)ﬁen@glﬁ?éaﬁﬂétﬁbﬁw bthen prapivab ulyebl @itdeetyl ether,
acetate, propylene glycol di acet at e, di propyl ene
propginyg glycel distybéther, progyleheglyteinkp@bylcshercpopilendgglyesl dibutyl
Among t hese, propyl ene glycol nononethyl ether,
ethed) dippypyieir givoot alonomietst bibr, diphapylenerghyopl amﬂoetgjriyamhﬂr
nmonopr opyl ether, propyl ene glycol nonobutyl ether,
dipryrybgmg|giyve] glopomopyli stiexdrdipropgleat plycol pougbytyd mthey ldjmropylene
di et hyl ether, propylene glycol nononethyl ether
glycalodimathe] ether;, dipyorienegilycobticthyh ediet iprepylene glyesd dipsopyl
and propyl ene glycol nmonopropyl ether acetate are
ibtyd ether, Ipeonyl e @l gk monamethyt ‘;thewe@te
sol vents may be used either |nd|V|duaIIy or

propylsne Elysel manesthyl gHhep poease. propyias Al Ycozk @@Hﬁrﬂm ciper acctate,
contet of t eco osition_for r-Ia
proppﬂeaﬁg &B] Wﬂ&%} ﬁcqafﬁa@gfﬂwf&e? g 69 P@X?th&‘rﬁtflﬁs acetate,

s% he t.er. cont ent

dipr§igls na@év%mfgw‘lf e @aroax@aﬁa Ygﬁfmg%@f%w(% f
RS APAR e TR A 0ok T
d1pr?q¥?en% S dﬁg}tgtt%gand Cﬂ ﬁ%geﬂe glg&)‘f ﬁ?ﬁ@ﬁéa ivéd nt%ﬁ%gé ﬁle@r €

as | aire

rorBRb A OB o ok G gy

glyc@ﬂﬂ%x?ﬁﬂ{r o}iﬁ elRf, |pYoﬂ3rlé?1@%'I}%Qk Moﬁ@&utﬂ%&rtﬂ}@ﬂyl& apeoll 'dﬂnethyl

redude etching failure.” Since sodi um and
ethef, b eyl diBth ?I SRRl ﬁﬁipﬂ@ﬂé BRt6lmhédomdthyliether acetate,

pre erablgetorelnet raw nmateri al by di stillation
propgledle glyeol mbsoetliy @8] acetate, and propylene glycol monopropyl ether
acetate are preferable due to excellent storage stability. These solvents may be used
either individually or in combination of two or more.
[0087]

The water content of the composition for the under-layer film is preferably more
than 1 mass%, but not more than 15 mass%. If the water content is less than 1 mass%,
a residue tends to be generated on the surface of the upper-layer film for patterning

when the upper-layer film is developed after the composition has been stored for a long

time. If the water content is more than 15 mass%, the composition has impaired

~ applicability.

[0088]

In addition, the content of sodium and iron is preferably not more than 20 ppb,
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5 The content of the acid generator in the conposition
for the under-layer filmis preferably | to 30 parts
by wei ght, and nore preferably 1 to 10 parts by wei ght
for 100 parts by weight of the hydrol yzed conponents
(as conpl ete hydrol ysi s-condensate) obtained fromthe
conpounds shown by the forrmula (1) and formula (2). If
and ahﬁ-’culzﬁ%r%ﬂ}am’{ nbtBoRChsh DEPRS MlRlertd rédies eichinl flihgar t
y wei ght, patterning failures nmay occur 10 due to an
Sincd §5etich afid §Bh Rtin GondheGa® enderadl 6l is prefeiabRadotrefiny the
failures include |ack of necessary patterns due to
raw mAeHA T iycdigiliationzhd thedfkel he upper-layer filmfor
patterning, a residue on the upper-layer filmleft in
[008%e area in which patterning is unnecessary due to an
i nsufficient deprotecting reaction, and the like. If
t hEhecomtan bf tife dchiegemeiatbrge theraigasition forthe undesiay® film is
parts by weight, patterning failures may occur due to
prefegable & ¢ 38 pewts b waightynnd oforepiefergldy drtatl@gartshy weight for 100
patterning failures include excessive curing of the
partsiypesightanfahe hydrolyzest coseponents (iconpbeie by dralysis-qonfersate)
conmponents left in the area in which fpatternin IS
obtmuﬁmng@@sthapwpw@g shows By therfopnyle 4hand; farpyla (9 o & the

whi patterning.i necessary due to an .exgessive
contaf o the Getd BRIOTARAAE (HNoRd BT VSR, BYS0UEH o Dees iy occur
due tp AP AROR: o tishEpperatest | Rk bRt tARELs haL tack

one

oSl LB U5 ST B S T e r .

: resid%: gn %ﬁgﬁ%ﬁ%@éﬁ[{ﬂ%ﬂ%ﬁ iﬁ tlgecir@:{'ﬁl »gfngfli' gﬁtﬁmﬁg 9§ﬁ1ﬁfggesgér9 "We to

non nonane

an in%ﬁ%@%ﬁ%@?p‘g?tégﬁgﬁﬁﬁipgj ! ﬁc}el% %ilg%.e Ifglleocr?(reltem of the acid generated
is mc;lrxr'g %ha%i 39 ;ﬁré‘by[@‘%c%ﬂzt UGk Rrmng a8 R M sHc@idie t813f ekdigsili ke

e used. 1" 34 The anount of 0-di ket one used

- amothd of R&d g@ﬁ’&ﬁteﬂ ay S¥ichf pakteinepRdGics iludeSexdessive 20ringbthe

and preferably 3 to 30 wt% of the total anmount of the

uppepMyeéefitm fdrQA8ining, upper-layer film components left in the area in which

patterning is unnecessary, dissolution of patterns in the area in which patterning is
necessary due to an excessive deprotecting reaction, and the like.
[0090]

The following components may be added to the under-layer film composition.
[0091]

[B-diketone]

As B-diketone, one or more compounds such as acetylacetone, 2,4-hexane dione,
2,4-heptane dione, 3,5-heptane dione, 2,4-octane dione, 3,5-octane dione, 2,4-nonane
dione, 3,5-nonane dione, 5-methyl-2,4-hexane dione, 2,2,6,6-tetramethyl-3,5-heptane
dione, 1,1,1,5,5,5-hexafluoro-2,4-heptane dione, and the like may be used.

2 272

[0092]
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Addition of (3-diketone in this range ensures sone

| evel of storage stability and 5 elimnates
possibility of deterioration of the under-layer film
conposition such as a decrease in capability of
formng a uniformfilm [0094] [OQhers] O her
components such as colloidal silica, colloida

al gﬂe Qfﬁouﬂrc&%”& etBﬁ’% uﬁar@helﬂ;deﬁ%%&tmm HHsRioNBY 1 8850

ed to the un ayer | m conposition obtained in
wt%f fRfERANS 16 BY %\ﬁ?%' e 1ot ArbuficdiitRd sdtersi lica is a
pprS| on of high purity silicic anhydride, for
[909§]<arrpl e, having an average particle dianeter of
usually 5 to 30 nm and preferably 10 to 20 nm 15
and ddit ol of §-dReps @ithis caipe eAturas s 1elel LT stopagQtabilits Und
in the above-nenti oned hydrophilic organic solvent.
elim{rAfR §bssitsilinxefteteedrafonsif cie wlet-hiyeiofilng compaitionsuba aok
silica sol and isopropanol silica sol manufactured by
decrédiss srmoapabidiny cBformingesinifoes fillt d. , Oscar nanuf act ur ed
by Catalysts 20 & Chem cals Industries Co., Ltd., and
[060%he |i ke can be given. [0097] As coll oidal alum na,
Alum na Sol 520, Alum na Sol 100, and Al um na Sol 200
[Othesshuf act ured by Ni ssan Cheni cal Industri es, Ltd.
Alum na C ear Sol, Al umna Sol Al um na Sol 13
mﬁlmg@pmpe@p%ymh\%k@}m@l ﬁ@ca@ﬂpﬁial ajupnina, prggnic pohmers,

the |i ke can 5 be 0098] As exa es qf. the
and g EpsioRLS B A nawalap% odinthe”

oxi.de .35 structure a conpound havi ng a sugar chain
presit iuveptiP® & vinyl amide polymer, a (meth)acrylate
000 gnpound an aromatic vinyl compound, a dendri ner,
[ ?3 l'yi mi de,
Colloidal silica is a dispersion of high purity silicic anhydride, for example,

having an average particle diameter of usually 5 to 30 nm, and preferably 10 to 20 nm,

- and a solid component concentration of 10 to 40 mass%o in the above-mentioned

hydrophilic organic solvent.
[0096]

As examples of such colloidal silica, methanol silica sol and isopropanol silica
sol manufactured by Nissan Chemical Industries, Ltd., Oscar manufactured by Catalysts
& Chemicals Industries Co., Ltd., and the like can be given.

[0097]

As colloidal alumina, Alumina Sol 520, Alumina Sol 100, and Alumina Sol 200
manufactured by Nissan Chemical Industries, Ltd., Alumina Clear Sol, Alumina Sol 10,
Alumina Sol 132 manufactured by Kawaken Fine Chemicals Co.,Ltd., and the like can
be given.

[0098]

As examples of the organic polymer, a compound having a polyalkylene oxide

33



10

15

20

25

pol yam ¢ aci d, polyaryl ene, polyamn de,
pol yqui noxal i ne, pol yoxadi azol e, fluorine-contai ning
polynmer, and the like can be given. 5 [0099] As
surfactants, a nonionic surfactant, an anionic
surfactant, a cationic surfactant, an anphoteric
surfactant, and the |ike can be given. In addition, a
struciirt, | 2CQMRRRA BAVIhEE sughk chas kRbétureda PRIyY @hidéipoRenexd de
surfactant, a fluorine-containing surfactant, an
(metl%‘ﬁéfgla't&coxﬁ;&ﬁﬁn@%@d}bmaﬂ@din@hﬁ)mpdtﬁad,@&ed@lﬁnwr,\wlyimi&,

[(0100] As specific exanples of the surfactant,
polydigic\uey pbloyiyine, pulyaridetfuyguisotating polypridiamojst hyl ene

| auryl ether, polyoxyethylene stearyl ether, and
fluorjieldoatayhi polgner, ahé e liketdaribe gpehyoxyet hyl ene al kyl

phenyl ethers such as pol yoxyet hyl ene n-octyl phenyl
[009€} her and pol yoxyet hyl ene n-nonyl phenyl et her;

pol yet hyl ene glycol diesters such as 15 pol yethyl ene

gl A& surfattdnts, p avsionicdufationt; myhnioric ghifaciint g eationicsefactant,

sorbitan fatty acid_esters; fatty acid-nodified
an ampphoperia wrctante prd theyike vpmbe gy i %’oﬁdﬂtﬁ‘)?u‘l‘ sHipeteantaiging

pol yet hyl ene i m pes; comTer%i ally avai]l abl roducts .,
surfagiagh 2 polyrikylengoxidgsntfpdantpy u@%ﬁlﬂ%@@%ﬁlﬂ@%@%ﬁl@%ﬂt gacrylic

Ltd.),  Polyflow (manufactured by Kyoei sha Chem cal
surfagignt, aﬂ‘il_f}t?.lﬁ‘,e DY RSEYSPanuf act ured by Tohkem Product s

(ﬁ?rporati on), MEGAFAC 20 (rmanufactured by Dai ni ppon
[0109k k" and Cheni cal s, Inc.), Fluorad (manufactured by

Crah R etmplsy ok RAa B St iAe dilethers sych as
o
ether;;:l héél?%yg&iﬁffﬁ% %l%ﬁ%}@g%rs%}fh Q@p%l?&%eﬁ’iﬁé?ﬁrn-octylpléesnyl ether

I nation t'wo "or nore.

and I{Jog%g(}r;tlhgibﬁe ﬁ%l‘ﬁ%h&ﬁh lefHar; YolyettlylheGya0 BRBless subh hi1e

I'ayer -fil'm conposition my be adjusted

polyéﬁﬁ@ﬁé% Reolldilatifaf AdpeBRthyMneUscol Bisthtité Bbibithn fittyeacid
range from1l to 20 mass% 36 |If the solid conmponent

- ester§,ARGLadid-aiddified Folydsterd) eertianygeniné-niodiftedi®dlymethifesy dvel

coated film
polyethylene imines; commercially available products such as KP (manufactured by

Shin-Etsu Chemical Co., Ltd.), Polyflow (manufactured by Kyoeisha Chemical Co.,
Ltd.), EFTOP (manufactured by Tohkem Products Corporation), MEGAFAC
(manufactured by Dainippon Ink and Chemicals, Inc.), Fluorad (manufactured by
Sumitomo 3M, Ltd.), Asahi Guard and Surflon (manufactured by Asahi Glass Co., Ltd.),
Disperbyk (manufactured by BYK Japan KK), SORSPERSE (manufactured by Zeneka
Co.), and the like can be given. These surfactants may be used either individually or in
combination of two or more.
[0101]

The concentration of solid components in the under-layer film composition may

be adjusted according to the purpose of use, preferably in the range from 1 to 20 mass%.
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has a thickness in an appropriate range and has
excel l ent storage stability. [0102] The total
pol yor ganosi | oxane conponents (hydrol ysi s-condensat es
of the 5 compounds of the fornmula (1) and/or formula
(2)) in the conposition obtained in this manner has
an average nol ecul ar wei ght usually of 500 to 120, 000,
If thedolid Rogipehiétt ynd@afiatidmois 10 theGBie A0 niessTohthe coated film
upper -l ayer film conposition for patterning used in
has afthRkR&s ireamappespriatgrange amehdsoctceliznt storngd sabidive, at
| east one of the hydrolyzates or condensates of the
ro10zonpound shown by the following fornula (1) can be
given. RaSi(OR)4_a (1) 15 wherein R represents_an
al i total pulyotzanosilpxdna eony@nents Kydrelysimsondensatesefthe
group, RZ represents a hydrogen atom or, a npnoval ent,
commugdnpfthg feromla € @ndfor Hrala (ﬂ%eg gie qomppsitiopbtapned in this
[0104] As exanpl es of the nonoval ent organic ro%p
mantyes hpsareanesaenyolreulanweight uspallihef 509¢0 flap,ﬂg@,&n@ %Ifffe gbly 800
substituted or unsubstituted al kyl group, aryl group,
to 10949001 group, glycidyl group, and the like can be
iven. A nonoval ent organic group, particularly an
[010 kyl group or a phenyl group is preferable as R in

BTt g e P i
. _ T
ot B B P ROVl i

br > 3R . o} nms of the alKkl

com Orugggﬁ(r?r‘gfyl/bgg% @gg‘g?‘ﬁt ute a@préa%gg) I L%gielﬁ'ne atom 37
[0106] As exanples of the aryl group in the formula
(1), a phenyl group, a naphthyl

RLSI(ORY4 (1)

‘wherein R! represents an alkyl group having 1 to 10 carbon atoms or an aryl group, R?

‘represents a hydrogen atom or a monovalent organic group, and a is an integer from 0 to

2
[0104]

As examples of the monovalent organic group represented by R and R? of the
formula (1), a substituted or unsubstituted alkyl group, aryl group, allyl group, glycidyl
group, and the like can be given. A monovalent organic group, particularly an alkyl
group or a phenyl group is preferable as R' in the formula (1). |
[0105]

Examples of the alky! group include a methyl group, an ethyl group, a propyl
group, and a butyl group. The alkyl group preferably has 1 to 5 carbon atoms, may be
either linear or branched, and one or more hyrogen atoms of the alkl group may be

substituted by a fluorine atom.
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group, a nethyl phenyl group, an ethyl phenyl group, a

chor ophenyl group, a bronophenyl group, a

fl uorophenyl group, a substation group having a |iquid

crystalline 5 unit such as a derivative having a

bi phenyl group, a functional group having a

sel f-organizing unit such as a derivative containing
Rnogﬁlythiophene, and the |like can be given. [0107] As

anpl es of the upper-layer film conposition for

pah% Qk4thigs BEHE atyl {ghhﬁa in M PRLLRI(, fa%@hﬁ GréR Aadphthyl

pol ymers shown by the fol lowi ng formil as can be given,

grou&i@%by%ﬁeﬁgﬂ%d}ﬁ an eth iphe 1-group, achfoRb 3;§h)ei:,yl{ $aRG L

R9/ H ( (4A) (4B) 15
bron{o%&%h gréigy, eifliofphanyd chh gr g PitREAI0h ghoupyidivingerliqlidofystaliine
al kyl group having 1 to carbon atons, or an aryl
unit §ichup a JefiVative aningl ddiphawybgroup,safuncgtidnat grodp havibga
atonms, a vinyl group, an allyl group, or an aryl
self-gizanipingamit such add daivativOcortainmg lythioghde, argichd hike can be
pol ynmer including the repeating unit (3), the
givemepeating unit (4A), and/or the repeating unit (4B)
produces a carbocation (-CR24) when the -CR2OH group
[0106h the side chain reacts with an acid (H) remining

in the resist pattern 2, and the ,cation reacts 'thh
t hAs erpples gt ypp%-leyeééémmmpogtw{l tor ppftenupng ypgd n t

paterp B el R bies g S i f‘ﬂﬁg‘sﬁ%ﬁ)ﬂé‘ﬁ@%ﬁ AT 1

3 carbon atons represented by BY, R9, and R10, a
[010%& hyl
H H H
—E—C- —c*—C —C—E—
S 2 [ s
—R"%L —i{R "))L R1% .
/\i o - /\g’—_ R3 /\;)____ R®
S
R? \0|.| Rg/ \OH HQ/ OH
@ (4A) (48)
[0109]

wherein R® and R’ represent a hydrogen atom, an alky! group having 1 to 3 carbon
atoms, or an aryl group, R'® is an alkyl group having 1 to 3 carbon atoms, a vinyl group,
an allyl group, or an aryl group, and L indicates 0, 1, or 2.

fo110]

The polymer including the repeating unit (3), the repeating unit (4A), and/or the

| repeating unit (4B) produces a carbocation (-CR;") when the -CR,0H group on the side

chain reacts with an acid (H") remaining in the resist pattern 2, and the cation reacts

with the ~CR,OH group to crosslink.
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group, an ethyl group, an n-propyl group, and an
i -propyl group can be given. 5 [0112] A phenyl group,
a tolyl group, a naphthyl group, a biphenyl group, and
the like can be given as the aryl group represented
by R8 and R9. [0113] Polyners having a structure of
the fornulas in which R$ and R9 are hydrogen 10
[0113} oNs, and in and L are 0 are particularly preferable
used in the present invention. [0114] The repeating
UNI4 the3dpeatiieufie (Bathe Mepeating udid@A), anflorttherepepagtunitg4B),
unit (4 may be obtai ned by pol ynerizing the
as theRIIGIBFdapHaoing 10y 3t daebdnaltomyiepgestutedriry R® (B 33d R', 2 methyl
formula (4A- 1), and fornula (4B-1). 15 [0115] HC CH
group?&CHh2Ea; an n-propyl Bt&)p, and a) BPrapyl roGuRB: kel #BerR0/ pH
RO/ OH R99 OH (3-1) (4A-1) (4B-1) [0116] 20 wherein
[011B¥, RO, R10, and L are respectively the sane as those.
defined in the fornulas (3), (4A), and (4B). [0117] .
39 ATifenylegroun, iartglyligioup, B)aphthyb graspea biphepyl graup( a) the like
and/or the repeating unit_(43f are, contained in the
can bagiyen asgihe gsil grqup representerbyid] sd Bind preferably 30 to
50 nmol % of the total anount of the polymer. The
[011&hount of the repeating unit (3), the repeating unit

(B SEp 1S SRERLAS UL SN e LR PRNS e
atonypgd i g Lte DEP PRl eliefté usdd 1 chRERRE et
[0114]

The repeating unit (3), the repeating unit (4A), and the repeating unit (4B) may
be obtained by polymerizing the monomers shown by the following formula (3-1),

formula (4A-1), and formula (4B-1).

[0115]

HC——CH H,c——CH H,c—=CH
jmw} . j(R"’) L l j(Rm) L
L
/\/ /RB //c,_— HB ' //c/ H3
 on R on R® oH
-1 (4A-1) (B-1)
[0116]

wherein R®, R®, R'®, and L are respectively the same as those defined in the formulas (3),
(4A), and (4B).
[0117]
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(4B) is less than 30 nol % the crosslinking
performance nay be inpaired; if nore than 70 nol %
solubility in a solvent may be decreased. [0118] The
upper -l ayer film.conposition for patterning used in
the pattern-formng 10 nmethod may contain repeating
units other than the repeating unit (3), the repeating

Unirhe {egy%ﬁ) @Eﬁg@? rth%fh?e&tﬁ‘%qﬂﬁﬂ @R) UBidor ¢tBepediitg unit (4B) are

exanp repeating’units,

contSI4El Wius Bﬁ‘lbﬁﬁteof udadIy ooyt mﬁa B?éi‘ér%l?%@ to SO YE19HYA1 the
met hacrylate, N-methylacryl amde,

total @,nﬁmf @%gﬁbl?ﬁféf Y| BiY drhlBut ofide réfatihd K8t CHRB Ser@bN @ unit

e other repeating units may be pr esent

(4A)eaﬁdn@fthe AePetiriualil (1B fin the abovdiangé Irnereadds thé Wohiap réssténce.
The content of the of her repeating units in the

If thoahyiirof tise epeitiap allt ¥3)3 thetrep@finguhiiy(4 A)) dndyor the repeating unit
preferably 50 to 70 nol % [0120] The

(4B)polegsthyn 80 enal¥d tiwentossbinkjhg perfemagee maly de uhpairade ifghdre than
(hereinafter referred 20 to as "Mv') of the pol yner

70 m@ﬁtaﬂuﬁi}i‘g’ inlasolvepemay hegdean¢ased.3) | the repeating unit
(4A), and/or the repeating unit (4B) determ ned by

[0118k| perneation chromatography (GPC) is wusually 500 to
500, 000, preferably 50Q to 100,000, npre_ preferably
80®he wpIsy-losfilm ﬁampgftmwr Wﬁ%era%ﬂ@%m the s@@mﬁormmg
10,000. If the Mvis less th mponent s. may

methpg may; qomaﬁn ae@e%tg@fwtﬁ@ﬂfr ﬂfaaﬂwp?ﬁ@gf t?(?) fﬂaqhqep??@ns &mt

<4A>5§59 0BE rpming i (4B, As SRR #a\sﬁa@%g%m%%m
T X

hydrB’&‘fe y‘ﬁ%’ﬁy TTH' SC 33 F@‘H‘L&’E@‘g gage CIJH'E g}eﬁ}agggzge,m noner s

N—m%t‘ﬁ&fagr%ﬂ)%% gga% ,gﬁﬁélp %ﬁﬁa@%ﬁ%& ee.?a}l'b%%awﬁ' ts

c’orrp03|
[011 propriate solvent in the presence of a radical
| ymerization initiator, a chain transfer agent, and

gp?ltu%] 2ﬂﬁr§rarePEatin§ uRRS hifa l%'e%rés@nt%ﬂeﬁnd%ﬁaﬂ? BB cRBRititfon of
pol yrrerl zation initiator 1h order to

two 61€88breZ € The Sbiktbhtf MY other repeating units in the polymer is preferably 30

to 90 mol%, and more preferably 50 to 70 mol%.

[0120]

The ponstjrrene-reduced weight average molecular weight (hereinafier referred
to as “Mw”) of the polymer containing the repeating unit (3), the repeating unit (4A),
and/or the repeating unit (4B) determined by gel permeation chromatography (GPC) is
usually 500 to 500,000, preferably 500 to 100,000, more preferably 800 to 50,000, and
still more preferably 800 to 10,000. If the Mw is less than 500, the components may
volatilize at the time of baking the film, failing to obtain a desired film thickness; if
more than 500,000, solubility in a solvent may decrease.

[0121]

The polymer can be prepared by, for example, polymerizing polymerizable
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5 polynerization rate. If the ratio of the anount of
the radical polynerization initiator to the anmount of
the chain transfer agent is too high, a

radi cal -radi cal coupling reaction may occur resulting
i n production of an undesirable non-living radica

pol yneri zati on product. The resulting polyner may

unsaﬂuﬁﬁédﬂ%n&%ﬁ!c@ﬁ@sﬂ%ﬂﬁiﬁg $8 bt offOANON O kdReking units forming a
characteristics such as the nol ecul ar 'wei ght and

desir@PhBfhRE c¥Bp&MiofinSnrabptopkiafe: solMest ihGhéPlesence of & eadidal
the radical polynerization initiator to the chain

polyth@Rsibe iniflgeRta dhgin tRinefee bgdak, Yand tHe lilee. 0 I0Q Jesirabl<b22l a
Exanpl es of the radical polynerization initiator

suffidiend|aadRnt bthe 2adical pblyprritzattonl iaitiagor it brdet tdreblive assufficient
thermal polynerization initiator, a redox

polymetizatien iratat | Hrihé ratibiofitleramamd ofithi Sadiéad polymierizatiar initiagor to
specific exanples, initiators such as a peroxi de and

the amountzaf the dpotrankferageids tiotegh, asgdinarradispleroiipling reaction
exanpl es of the radical polynerization initiator,

may pedva resuliipgrin produstioneof anndesirable tanlidag eadiqsbpelyyerization
peroxi de, 2,2'-azobis(2,4-dinethylvaleronitril ?)

product2’ The sispking pplymear siytipslpde postigmg possessing uncontro led
1,1 -azobi s(cycl ohexanecarbonitrile), and .. . ..

charagtegisties, quch as the melge %rs%%gﬁaﬂﬂaﬂ%ol%%ﬁfE‘zyelgl&rﬁhsffzfe}ltt?a- The
given. []0123 exanmpl es .of the.chai.n transfer .agent,

molaf At the TP ARy DELEROR Ry etoh b SR ronicreeiidd ‘can
b Lven. 124] 25 The pol ynerization nmay be carried

pref%ﬁ)tlygltl)b t8c9n4d(§rl1€'bat ch polymerization, drop

012 | ymeri zation, and the |ike. For exanple, necessary

[ ?»(/)pes of the above nononers (3-1), (4A-1), and

(48 pieé‘gﬂh??@%}‘gﬁgqﬁl%ﬁmﬁﬁq{?ﬁa{w il deButokdgs: Ppaticularly

repeati ng un necessary anpunts are di ssol ve

11m1t%c?tog g rt%gé?ngg#&%ﬁleﬁﬁ’a?ﬁh BRG0P Al r¥ B pokRferiZatibA i8S aAE &

olymerization initiator and a chain

photbihRREdre! ASGFEMIId ScaiMdl ThitldiGs BEdHYAVRN pepdxidd 41l anl ¥yl
napht hal ene derivative of the enbodinment. An organic

comFind @B bé givehl eAinore specific examples of the radical polymerization

initiator, t-butylhydroperoxide, t-butylperbenzoate, benzoyl peroxide,
2,2’-azobis(2,4-dimethylvaleronitrile), 2,2’-azobisisobutyronitrile (AIBN), |
1,1’-azobis(cyclohexanecarbonitrile), and dimethyl-2,2’-azobisisobutyrate (MAIB) can
be given.
[0123]

As examples of the chain transfer agent, pyrazole derivatives, alkyl thiols, and
the like can be given.
[0124]

The polymerization may be carried out by common batch polymerization, drop
polymerization, and the like. For example, necessary types of the above monomers

(3-1), (4A-1), and (4B-1), and monomers corresponding to the other repeating units in
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di ssol ving the nononers, radical polynerization
initiator, and chain transfer agent is 5 generally
used as the polynerization solvent. As exanples of the .
organi c solvent, alcohol solvents, ketone solvents,
et her solvents, aprotic polar solvents, ester
sol vents, aromatic solvents, and linear or cyclic
al i phat | Y he. gl :
neceJany ity SO RIS % il K0eny 884 PhIGRIAZed B fillchos
r i i i € of
o e i e b e

the vg{;y}; Bibn: e @ADARR Find aﬁ%@éli&@fhs |AHC s ke abdeyd of

er, 'such as met hoxynet hyl ether, ethyl ether,

dissoi\ﬁﬁ%ﬁ@iﬂ&@ﬁﬁgr@ Radiédll okmfer BhiforPinRiatdeX A Hem tednsfeh @gent is

aprotic pol ar "sol vents include dinethylfornmam de,

geneﬁ'ﬂg%fs&i/ as thé Pf)l?iﬁeﬁ@aticﬂlrb@lﬁehﬁ | Ak@amples@F iy orgaiy eolizént,
al kyl acetateS such as ethyl acetate, nethyl acetate,

alcotdNEbivéiets, KeloRie G6lRelite, cifier eolvedixaippbtizspaldr sohventspestarsolvents,
sol vents include al kylaryl solvents such as tol uene

aromaticisolyémes) and dinehr bb chdicatiphaiccsdhantmat ibe givehny e Asaicobelh
as chl orobenzene. Exanples of the aliphatic solvents
solventsc Ryptiepanel hnianols pripglees glyeol raonbra¢tbyll cthes, andoheolie cnde
pol ymeri zation tenperature is usually 20 to 120C,
giverpr ehekeitnesob@ntsomethyCethy bieationep aeetgneefus the lize gon bogiven.
100C. Al though the polynerization maybe conducted i
Examdessafithe pthers tosyirerkonhliabpbor SIS muaopBIcHtL einsh e

e b ChSh e EPIGUELSd Thoan Lrerl gss opele
P SSERL LR SV B RRLITSE Sl L 10 B
B T
. 7
aromfi V8 ety Bl W BonsHich SPofet MEEANY ot 0 24
‘halo%éﬁgtg,d% n?atfceséwgnﬁ‘gpﬂ{}pz{mﬁor%e& . URBSHipl 3% the dlfphific
OfpodiTion tor patterning used in the pattern form ng

solvdiR 08 dOheaRE RERBED e ZhdithyRIRE 1 on.  [0127]

[0125]

—t

The polymerization temperature is usually 20 to 120°C, preferably 50 to 110°C,
and more preferably 60 to 100°C.  Although the polymerization may be conducted ina
normal atmosphere in some cases, the polymerization is preferably conducted in an inert
gas atmosphere such as nitrbgen or argon. The molecular weight of the vinyl
naphthalene derivative polymer of the embodiment can be adjusted by controlling the
ratio of the monomers and the chain transfer agent. The polymerization time is usually
0.5 to 144 hours, preferably 1 to 72 hours, and more preferably 2 to 24 hours.

[0126] |
The above polymer can be suitably used as a resin component of the upper-layer

film composition for patterning used in the pattern forming method of the present
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The solvent used in the upper-layer film conposition
for patterning may be appropriately selected from
al cohol s such as net hanol, ethanol, 2-propanol,

1-butanol, 5 2-butanol, 1-pentanol, 2-pentanol,
3-pentanol, 1-hexanol, 2-hexanol, 3-hexanol,
2-net hyl -1 - but anol, 2-net hyl - 3- pent anol ,

invemioiet hyl -1 - pentanol , 3-net hyl - 2-pentanol, and
4- et hyl - 2- pent anol ; ethers such as diethyl ether,

[o129) i sopropyl ether, dipropyl ether, and dibutyl ether;
and the like, without particular limtations insofar
asThd @]k uSdtin teagppeniivediilss cdnigositiorofog patteening Riagthe
filmfor ArF having a pol yacryl ate or polynethacryl ate

apprdgitiasdly selbatediroQladblsAnoings inktharolsethareit 2-propaialf Bbotapol,
2-but anol, 1-pentanol, 2-pentanol,

2-buthnole i 4pehtadelp2ipeaiand], 3-peotabdie 14hekanod r2ehqxandled diokanol,
These sol vents may be used either individually or in

2-methyi-nuancdr2-oethyd-pentamol, 8-mathwlskpeshinadi-sethay-Zentanel
in an 15 anmount to make the solid content of the

and 4-msthyl-2rugntannl) ethiers syah py dicdwhethgr, diigpprenyl vier, dipsapy] sther,
nore preferably 0.05 to 60, mass% and particul arly

and qibwtyleather 9mbt.hz¥ike> withawh pamisular bmstefionginsobyas dbrisalyepk does

such as crossli.nkjng, a s,. binder resins, .and
not dsioiig ob AREea TNt I BpATD RAYIRG » Baagt s Phiotimethacrytate
upper -1l ayer filmconposition for patterning. 20 [0130]
stru g crosslinking agent is a conponent accelerating the
[012 ring reaction of a planarized filmnade of the
gglyner having the repeating unit (3), the repeating

u nj&ﬁaorlé ?]l%)se AP0 -Tulindi eﬂﬁ]ﬁﬁﬁd},gl-#gﬁtﬁ?cgfﬁgen Aot he

crossI'Tnki'ng agerit, polynuclear’ pheno nd vati ous
- | .
oIR8 LA ORL SR by st it
indivddaH§ LB RI cERRIoh STH&E oRtnofe. 4 TIREPSAPHFin@Y be used in an
4, 4" - et hyl enebi sphenol , 4, 4' -ethyl i denebisphenol, and

amodit 5P Rak@theAolid Edretaof @ie efigtind Sompsdstlonasieferably 0.01 to 70
4,4" 4" -nmet hyl i denetrisphenol, and 43

-masste, 4nork prefdralld-0[ 05- toyadrmacepih end pdrtidulamy hrefebbly I0) plociyhdsse,

et hyl i dene] bi sphenol ; and
[0129]

Various additives such as crosslinking agents, binder resins, and surfactants can
be optionally added to the upper-layer film composition for patterning.
[0130]

The crosslinking agent is a component accelerating the curing reaction of a
planarized film made of the polymer having the repeating unit (3), the repeatiﬁg unit
(4A), and/or the repeating unit (4B). As the crosslinking agent, polynuclear phenols
and various commercially-available curing agents may be used. Examples of the
polynuclear phenols include binuclear phenols such as 4,4’-biphenyldiol,
4,4’-methylenebisphenol, 4,4’-ethylidenebisphenol, and bisphenol A; trinuclear phenols

such as 4,4°,4”-methylidenetrisphenol, and
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pol yphenol s such as novol ak. O the above pol ynucl ear
phenol s,
4,4" -[1-{4-(1-[4-hydroxyphenyl]-1-nethyl et hyl) phenyl}
et hyl i dene] bi sphenol and novol ak are preferable. These
pol ynucl ear phenols nay be used either individually or
5 in conbination of two or nore. [0131] Exanpl es of
.10 €4-ELf4- Q%ﬁih bimal iy BEE $183idsadbisgifenol; and
4 Q}g%ggptpgﬁe .iE%?&gﬁgﬁgyggﬁﬁﬁt%ﬁ??ﬁﬁ%ﬁ??ﬁocgf%ate,
polypheflols GhoH ANRALIaROCVTRR Sove §01§nﬁaéayl(§maaﬂs,l socyanat e,
4, 4" -di phenyl net hanedi i socyanate, 1
4,4’-[11e§@0ﬁ[4154t4&69;ﬁhie§ﬁw an@hglethgNphenyl }ethylidene]bisphenol and
, 4- cycl ohexanedi | socyanat e; epoxy comnpounds
novoRkairé pReffe@atiedeThdsb @olynaclearhensls afay bivsahtitet tdividually or
Epi coat 815, Epicoat 826, Epicoat 828, Epicoat 834,
in colnbimtiah 08860 ofgpboat 871, Epi coat 1001, Epicoat 1004,
Epi coat 1007, Epicoat 1009, and Epi coat 1031
[0131lmanuf act ured by Yuka- Shell Epoxy Co., Ltd.),
Araldite 6600, Araldite 6700, Araldite 6800, Araldite
50Bxampled of thecwinglagenk inrlude diigoganatessugl 28 dite 6097,
and Araldite 6099 (manufactured by C ba Geigy Corp.),
2,3-toipknediisocymate, 33stolybmpdidygyanin3 detelylenediseyanaigd DER
667 (manufactured by Dow Chenj.cal Conpany); melam ne
3,5-telylenpdjisaganats, éﬁc‘ﬁ‘%@ ANEFOCYBPRES 301, Cynel 303,

hexal%%le@giigq%b t’rg,a %8—@%@@%#00}%@5 @?ﬂ%&iw%@mx}}lds
avail e I e i oL Hiop e Eogeat A BB 2R PG B2
e 534BT Pl 00 T o Wi
Epiogdf 00 B0 Yoo GRHbGEKAIAD Bl SholiyBR0 o) Y30),1 1

. " i 1 d . |
Aral%@%ﬂg? AR 708, Maldid 6307 2R Job! A)aidlﬁ"@7E|,t1§%)ld.’?§ 6084,

2

manuf actured by Sanwa Chem cal Co.,

AraldNE8R7t ARSErafditel 0099 a88MifBoturied By TibAEBLRYICHep §UDERG3 1, DER

agents’ and the glycoluril curing agents are

332, DB STRWER 6d1)OER 644, ia@ DERYE6T GndiatacheedbeDoei Clisntical
i ndividually or in conbination of two or nore. The

Compaiyynuelmive quiiegagentandthtas Cyntel B0Q Gye581,EymélS08sEymel

in conbination as the 44
350, Cymel 370, Cymel 771, Cymel 325, Cymel 327, Cymel 703, Cymel 712, Cymel

701, Cymel 272, Cymel 202, Mycoat 506, and Mycoat 508 (manufactured by
Mitsui-Cyanamid Ltd.); benzoguanamine curing agents such as Cymel 1123, Cymel
1123-10, Cymel 1128, Mycoat 102, Mycoat 105, Mycoat 106, and Mycoat 130
(manufactured by Mitsui-Cyanamid Ltd.); and glycoluril curing agents such as Cymel
1170 and Cymel 1172 (manufactured by Mitsui-Cyanamid Ltd.), and NIKALAC
N-2702 (manufactured by Sanwa Chemical Co., Ltd.). Among these curing agents, the
melamine curing agents and the glycoluril curing agents are preferable. These curing
agents may be used either individually or in combination of two or more. The

polynuclear phenols and the curing agents may be used in combination as the
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crosslinki.ng agent. [0132] The ampbunt of the
crosslinking agent is preferably 50 mass% or | ess, and
more preferably 30 mass% or |ess of the solid
conponent contained in the resulting 5 conposition.
[0133] As the binder resin, various thernoplastic
resins and thernosetting resins may be used. Exanples
crosikinB@gtder mopl astic resin include a-ol efin pol yners
suc a§ pol yet hyl ene, pol ypropyl ene, poly-I-butene,
Un3@ply-l-pentene, pol y-I - hexene, 10 poly-I|-heptene,
pol y-1-octene, poly-I-decene, poly- |I-dodecene, poly-
| - TR 406468 &fthe cro@livking af@x adgefrely POMAss? or less, and more
-oct adecene, and pol yvinyl cycl oal kane; non-conj ugat ed
prefedithin 80 PRISYRRI $ess O theaslid odniporikentleqreainaliineheresplting -
1, 4- hexadi ene, and poly- 1, 5-hexadi ene;
compositidbnunsat ur at ed al dehyde pol yners; a, (3-unsaturated
ket one polynmers such as pol y(nmethyl vinyl ketone),
[013pbl y(aromatic vinyl ketone), and 15 pol y(cyclic vinyl
ketone); a, (i-unsaturated carboxylic acid polynmers or
a, Astherhindanresim (variewy thesayaplastia egsensiad ithamosttipmH g fmay
such as (meth)acrylic acid, a-chloroacrylic acid,

be ugeret Exaroplps pEthg haumeplastic tesininoleds grolafia podyigers such as

hal ogenated (neth)acrylic acid;, a,

polyethylgas pplyerenyiene !ﬁ}r‘?‘ﬁ@lepB?lyh%P@féfgéﬂaggt'lgng{%%g| yner
poly Joheplime ool irdse B (r5F Yo RO S0l aRpr L dradeseie
poly - hakflictng polis oeletel. e SopaiT £y Spfdif; REH-Cordfisfea
GRS LS Ao YR Ry, a1 o e
poly.;ih%ﬁeﬁég?e@g;gcg,ﬁiu%gatﬁﬁ&&Paiaéh'gﬁag&ftk,ﬂlle}éﬂ L3P aAG el XBRhS

)yacrylic aci oést'er

polyi\éﬁfé{l&% %l%ﬁlﬁlﬁﬁﬁh&l kBioa&s b&ﬁr{ar&ﬁﬁt‘ifd‘ﬁﬁﬁl 1®tone), and

e or derivatives thereof such as

poly{cpgﬁewiﬂﬁr%‘t&{éb;tc{,i}luﬁs atfrafedl RFRAGHY AR bblyhleds oran P-unbRurated

pol ynmer's "of (neth)acrylam de or "derivatives

- carbd: B A6l FeHoRivaSpdiyRém b 34l (artt)gcrylic acid, a-chloroacrylic acid,

(meth)acrylic acid salt, (meth)acrylate, and halogenated (meth)acrylic acid,;

o, B-unsaturated carboxylic acid anhydride polymers such as a copolymer of
poly(meth)acrylic acid anhydride and maleic acid unhydride; unsaturated polybasic
calboxylate polymers such as polymers of methylene malonic acid &iester, itaconic acid
diester, or the like;

[0134]

polymers of diolefin calboxylate such as sorbic acid ester, muconic acid ester, or the
like; o, B-unsaturated carboxylic acid thioester polymers such as (meth)acrylic acid
thioester and a-chloroacrylic acid thioester; polymers of (meth)acr_ylonitrile or
derivatives thereof such as {(meth)acrylonitrile, o-chloroacrylonitrile, and the like;

polymers of (meth)acrylamide or derivatives thereof such as (meth)acrylamide,
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45 N, N-di et hyl (et h) acryl am de, and the |ike;

pol yners of a styryl netal conpound; polyners of a

vi nyl oxy metal conpound; polyin nes; polyethers such
as PO1YPhenYl eneoxi de, poly- 1,3 -dioxolan,

pol yoxol an, Pof.>rtetrahYdrofaran, and

pol yt et rahydr opyrane; pol ysul fides; pol ysul foneam des;

S T e
oo L B ASRL S8 Pl B,
e ek

polyt%%?ﬁﬁﬁ%é?ﬁtﬁ&ﬁlﬂ?&@s}’%g ReA%idbE olypeptides; polyamides such

ot ri‘azol es; yoxadi azol es;” " pol ypyr azol es;

as nyRa! 86t Rl 3T ASto 10 i Shl QX pbilyBstsrs sel astallibBtid 1Ryesteds,
pol ybenzoxadi nones; pol yqui nol i nes; and

arom# pedshira zatydiepolyebieds3 bid %&I?cdrb@famﬁrﬁ;imm@ﬁl nis
a conponent which is cured by heating and becones

polysiiomdsppdlgazinesapslghmimes;. polaeothitir lnaderest potgintiéssi n i s
suitably used as a binder resin due to its effect of

polybenmimitazalgs; polrenzodxazplwipolybehzothiesles; pphtinéuatri2zoless
exanpl es of the 15 thernosetting resin, thernosetting

polyoxedigtdles; pelypprazolosiqobitetrazgles;spolyquioxatinesn polytriszings:ne
resins, amno resins, aromatic hydrocarbon resins,

polybepznzadinesesy polyaninglineseandpplyantlirazalives.| ke can be

iven. O these thernosetting resins, urea resins,
[013%e| ani ne resins, and aromatic hydrocarbon resins are

I EE M GE T R A AV
5B B b LA et R
s B e TR RSP il PR30t 4 s o

‘ther ang;hhgﬁégir{, ﬂ%@o%gﬁﬂgégbg@ rem%,%laﬁﬂtré’sinsdﬁf’eﬁlrgs‘?@s{) ideldn¥ine

es of 'such surfactants,

resind) QiR YeSinS Urb AL ERfdRoaHSIN 88ins, epoxy resins, alkyd resins, and the
like can be given. Of these thermosetting resins, urea resins, melamine resins, and
aromatic hydrocarbon resins are preferable.

[0136]

The binder resins may be used either individually or in combination of two or
more. The amount of the binder resin is preferably 20 mass% or less, and more
preferably 10 mass% or less of the solid component contained in the resulting
composition.

[0137]

The surfactant improves applicability, striation, wetability, developability, and

the like. As examples of such surfactants, nonionic surfactants such as

polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene oleyl ether,

46



10

15

20

23

pol yoxyet hyl ene | auryl ether, pol yoxyethyl ene stearyl
et her, pol yoxyet hyl ene ol eyl ether, 46

pol yoxyet hyl ene- n- oct yl phenyl et her,

pol yoxyet hyl ene- n- nonyl phenyl ether, polyethylene
gl ycol dilaurate, polyethylene glycol distearate, and
the like; comrercially available products such as

poly&§ ﬁi'yléﬂ@ﬁ‘ Héﬁ%egﬁgtm ﬁg}g&géﬁzﬁpgﬁ%nggﬁfgn%heru d.),

yfl ow No act ur oei sha

POIYQH?I%@ gigcépdﬂauh{téj polye yﬁe-ﬁg:g’lﬁc:ﬂ dtbarald an@the HiE; 303,

52 (manufacturéd by kem Préduct's

comxﬁ@xfc E&Vhﬂ’éﬁle pMEOk AGe bk 1P 3 41 Y fdnu ABE &3S hin-F uﬂTu Chemical

manuf act ured by Dai ni ppon I nk and Chemcals

Co., EtdipPaty oA R8. FCamilNo FIBL@Rmnuieir BB K BB ERdrERCHYLid
> Sumptogo 3M Ltd.); Agahl G?grd ,£G710 g,Surflon S- 382, yLd),

FTOBGF11, EBQO40RF 38E-aha EF 3 8¢mbfdfacturedbTotkem: Fodidé
(manuf actured by Asahi dass Co., Ltd.); and the |ike
Corposatioh}) MEG#RACHF 1 7h &1 82 rahd &1 3% (raandyciined bg Ehirdppdicink and
individually or in conbination of two or nore. The
Chenigalanincof Fluheed RHBARCAR T, FG135; ek FERY (marifachisrsddbpr
less, and nore preferably 10 mass%or |ess of the
Sumiomy aMEBiB s cﬁm A28 Surfloms- RasBE0NGSC 102, SC.105

osi tion. addi tives which nmay be used incl ude

SC- 19410 d@pyand Sﬁé—loé ﬁmala#f%qtumé éwhA@glnéé}é&ﬁt Co. ghtdagpreckthe dike can
be g‘HE‘Jh u‘e’ﬂ% gﬁ%ﬂ%%?qylﬂ@ lwsfhélg%fa[r glildg%]de%& ofih k%@b@aﬁ%n g yo or
more, e Apiouiof (R Siastrt {Ssesetabhy ﬁﬁ“@s?ﬁé@tgs“@p%ﬁﬁcf%{o're”g
preref} 56 Bisee 5% 185 B 6 30 epmponebfonbpaibi i dhe MASBE |
comgieRfeRM" bﬁﬁér%pdfn% fith g'qe%sgéldlﬁl%%% rést%%%gﬁa“ ond My

y cover {eéfns; if

antl-ﬂi'aﬁl%oés@ﬁt 6Q gﬁﬁéﬁr@ad VanC PGS ikbon may have a  hi gh

VI SC y and may cause a coating failure, with a
[013g|onsequence of leaving unfilled fine patterns. [0140]
5 The proportion of the polymer having the repeating

unThe doBid cohttrbePeat the dompbsition containing a polymer having the
repeating unit (1) and/or the repeating unit (2) in the upper-layer film composition for
patterning is preferably 0.05 to 60 mass%, and more preferably 0.1 to 50 mass%.
[0139]

If the solid concentration is less than 0.05 mass%, the coating may be too thin to
sufficiently cover resist patterns; if more than 60 mass%, the composition may have a
high viscosity and may cause a coating failure, with a consequence of leaving unfilled
fine patterns.

[0140]

The proportion of the po]ymer having the repeating unit (3), the repeating unit

(4A), and/or the repeating unit (4B) in the entire resin composition is preferably 60

mass% or more.
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(4A), and/or the repeating unit (4B) in the entire
resin conposition is preferably 60 nmass% or nore. 47
[0141] The upper-layer filmconposition for patterning
whi ch contains the polynmer having the repeating unit
(3), the repeating unit (4A), and/or the repeating
unit (4B) as resin conponents can be very suitably
[014H|sed in mcrofabrication using a |lithography 5 process
I'n whi ch various types of radiation such as
ul Theyipet-Glyvef Al 86hpdkiticHERP pattdrhiay et contaisthe polymer
el ectron beans, and X-rays are used, such as in :
havidgodhe rgRbfighuf (3),the gapastag wiitr @A)t andfoahidepedtig4d]t (AB) as
exanpl es of the upper-layer filmconposition for
resinRahipenditincaniseddry suitably uséd ipmidrefabrifaioniusogradithogtaphy
pol yners having the structural unit shown by the
procéss it whichyaribas typéseofaadiatien gich enpltfa@ivdadjradiation, Bgepail@aviolet
~R12) ~J11 //p \R13 (5) 15 [0144] wherein R11 and |
rays, Rleztroh beanss, lapd Kogenatgtused, saeh af iRyfhbripatiop ofiatagrged cirayit3
carbon atonms, or an aryl group, R13 represents a
boardfydr ogen atom an al kyl group having 1 to 10 carbon
atons, a vinyl group, an allyl group, or an aryl
[014%F oup, and p is 0, 1, or 2.

As examples of the upper-layer film composition for patterning used in the
pattern-forming method, polymers having the structural unit shown by the following

formula can be given,

[0143]
H2 R11
c
£
/
gt
\ P
\OH‘lS
&)
[0144]

wherein R!! and R'? show a hydrogen atom, an alkyl group having 1 to 3 carbon atoms,
or an aryl group, R® represents a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, a vinyl group, an allyl group, or an aryl group, and pis 0, 1, or 2.

[0145]
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20 [0145] 48 The above-descri bed crosslinking agents
can be suitably used for the upper-layer film
conposition for patterning used in the pattern formng
met hod of the present invention. The crosslinking
reacti on proceeds by the reaction of the crosslinking
agent and the oxygen atomin the structural unit
s LR e IdBSerfbRl Rk dg¥hntdl @h 84 sﬁ’lYab'i]Eﬁseﬁ £8CHhk APp&@ilayer
an acid. [0146] Various additives such as the
film BRAYSILIBH Yot PARENIAE RE&QT intBS pdifern FoHiEHdiMod of BRGreRAt
i ke can be optionally added to the upper-layer film
inverRRAP 0 ghb cAshinddRbéRinYrogheds bP R tbactBn A% RXRIRiBEnS beent
t he upper-layer tilmconposition for patterning used
and thé okyien ap@h irethe sfroctaiah gniveiidvadby pelfrmils (3)dxitiagdtbyehe
structural unit shown by the followng fornula can be
actiogiofemacifi0148] ~R16) ~ g CRURs (ORn) r (6) 15
[0149] wherein R14 and R15 show a hydrogen atom an
[014&4) kyl group having 1 to 3 carbon atons, or an aryl
group, R16 represents an al kyl group having 1 to 10
c avVisons additizes sichianthe aboveymesaionedrbinder yésingr sufactants, and the
_aryl group, R7 re%resents a hydrogen atom an al kyl
like egndbgptineatiyragdad tathe oppesrlaxss flmsemposition formeterniigoup,
[014% is 0, 1, or 2, and r is 1, 2, or 3.

As examples of the upper-layer film composition for patterning used in the
pattern-forming method, polymers having the structural unit shown by the following

formula can be given,

[0148]
H‘G)
ek
~3
L ” )
/
( OR'"? ) r
Q)
[0149]

wherein R and R" show a hydrogen atom, an alkyl group having 1 to 3 carbon atoms,
or an aryl group, R' represents an alkyl group having 1 to 10 carbon atoms, a vinyl
group, an allyl group, or an aryl group, R"” represents a hydrogen atom, an alkyl group

having 1 to 10 carbon atoms, or an aryl group, qis 0, 1, or 2, andris 1, 2, or 3.
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49 [0150] The above-descri bed crosslinking agents can

be suitably used for the upper-layer | mconposition
~for patterning used in the pattern form ng nmethod of

the present invention. The crosslinking reaction

proceeds by the reaction of the crosslinking agent 5
and the oxygen atomin the structural unit shown by
[Olﬁﬂhe formula (5) initiated by the action of an acid.
0151] Various additives such as the above-nentioned

bi 'ﬂﬂeez{bo(llg-%leﬁi’b e8 B dsAGKANY fpen@itgn b %ita'b})h?seﬁ 36 th€ upper-layer

optionally added to the upper-layer fil'm conposition

film ¢RfpRaldnSoP pitfbrninl ubddlinZhe Pt ARl MEhod BRthe present
upper -l ayer filmconposition for patterning used in

invertio8., WaE bAYEHikaigPeR@iolBirb@dds by hereRsbh bbthe codsshdltifhagent
the nol ecul ar weight is increased as a result of

and tRObYYERA latcah irDihe sirctArapohiy sieywrhisyihe Jorntuda 63) initisted &Y the
unit shown by the following fornmula can be given. 15

actioh O2&BhcikCHZ \CH OR18 (7) [0154] 20 wherein R18
represents a hydrogen atom an al kyl group having 1 to

{01510 carbon atons, or an aryl group. [0155] 50 The .
repeating unit (7) can be obtained by polynerizing the
noVioious additives sugh as the abeve-mentienet binder esinsjsurfactants, and the

like can be optionally added to the upper-layer film composition for patterning.
[0152]

As examples of the upper-layer film composition for patterning used in the
pattern-forming method, a composition, of which the molecular weight is increased as a
result of polymerization, is a polymer having the structural unit shown by the following

formula can be given.

10153]
Ho
°<
CH
ln18
()
[0154]

wherein R'® represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or

an aryl group.
[0155]
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[0156] H2C 'Z~CH | ROR S (11) 5 [0157] wherein R 8
represents a hydrogen atom an al kyl group having 1 to
10 carbon atons, or an aryl group. 10 [0158] The
nonomer shown by the formula (11) is polynerized by
cationic polynerization by the action of the acid in
the under-layer filmto produce a polyner having the

3;%?5&?#11? WAL 7PERAWR dBYaikd¥eyf T;Qflﬁ’ﬂéﬁzlﬁg )he%oﬂd?ﬁeé shown by

ayer fil'm [0159] 15°The nononer shown by the

the fSIRFWINE Borfnble (1TRY be coated on the under-layer film
Al ternhatively, 'when the nononer is volatile, it is

[015¢)0Ssi bl e to expose the under-layer film to the
nononer gas in a container. [0160] The conposition
according to the present invention can be very
suitably used 20 without using a general photoresist
for mcrofabrication I-?f integrated circuit boards and
the like usingalitho’& process in which various
types of radiation such as ectron beans, X-rays,
and deep ultraviolet rays e used. [0161] 51 A wide
variety of conpositions capge used as the upper-|ayer
filmconposition for patterning of the present
I nvention irrespective oEllt)he structure insofar as the

[0157]

wherein R'® represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or
an aryl group.

[0158]

The monomer shown by the formula (11) is polymerized by cationic
polymerization by the action of the acid in the under-layer film to produce a polymer
having the structural unit shown by the formula (7) on the under-layer film.

[0159] |

The monomer shown by the formula (11) may be coated on the under-layer film.
Alternatively, when the monomer is volatile, it is possible to expose the under-layer film
to the monomer gas in a container.

[0160]

The composition according to the present invention can be very suitably used
without using a general photoresist for microfabrication of integrated circuit boards and
the like using a lithography process in which various types of radiation such as electron
beams, X-rays, and deep ultraviolet rays are used.

[0161]
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conposition is cured by the action of an acid. For
exanpl e, a pattern shape control by neans of pattern
drawup is possible, if an easily chargeabl e
conposition is used in 5 conbination with an
externally charged electric field as described in
Japanese Patent No. 3774739, for exanple. EXAMPLES
[ 0l 62de VedRiehN6r ddinfpositions Batetieused asvhelupper-ldeadiimbmanposition
bel ow in nore detail by way of exanples. The present
for pdﬂéﬁﬁﬂ% bPihe pagyeMBVentiod uméﬁped:thm df ehb $toictre nfsofai‘ asitheg
exanpl e In the exanples, "part" refers to "part by
compORSisn 1wﬂra55y tehietion sfari avif. c dice @xample oz patteme siapagdantrol by
“eval uation in the exanpl es and conparative exanples,
meanwef pateean diavdhup tutossiblepifainregsityochntgealile chmppn‘gon is used in
procedures. 15 [0163] [Exanple 1] (Preparation of
combirratien vithyar extérhall cdrapgssieléconc {iglyl s dessohpdii Japanese Rytent No.
cont ai ning a hydrol yzat e-condensate (resin) of
37747ash doreexempBi. ( OCH3) 4 and H3CSi ( OCH3) 3 was prepared as
follows. [0164] 20 [Conposition (A) containing a
hydr ol yzat e- condensate (resin) of nononers Si(OCH3)4
and H3CSi (OCH3)3] A naleic acid aqueous solution (0.8
LES of maleic acid and 34 parts of distilled water)
s added dropwi se to 40 parts of a solution of
[Olﬁﬁ'a(OCI—B)4 and 8 parts of H3CSIi (OCH3)3 in 117 parts of

Treigiveaf n%sres‘)q?%% R Gl et BRIt S, =
examgge]s ?g% Br[e%sn ntv é@ﬁ‘ %gg%{f%éﬂs%%t 111@%@1 to @1% lf@#%vﬁﬁ%\gxamples.
In m@%&&% %S? ap hréﬁfscge ?ﬁH IB? g‘%}agé:}%ﬁ%% %g{rfcg? g% Irlr@%a%%dct ur ed
Measd¥enddht A4 SRfidstion in the examples and comparative examples were carried

out according to the following procedures.
[0163]
[Example 1] (Preparation of under-layer film composition (A))
| A composition (A) containing a hydrolyzate-condensate (resin) of monomers
Si(OCHs), and H3CSi(OCHs)s was prepared as follows.
[0164.]
[Composition (A) containing a hydrolyzate-condensate (resin) of monomers Si(OCHs)s
and H3CSi(OCHz)s)

A maleic acid aqueous solution (0.8 parts of maleic acid and 34 parts of distilled
water) was added dropwise to 40 parts of a solution of Si(OCHs), and 8 parts of
H3CSi(OCHs)s in 117 parts of 1-ethoxy-2-propanol heated at 60°C.  The solution was
stirred at 60°C for four hours and concentrated under reduced pressure to obtain 100
parts of a resin solution (a).

[0165]
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G2000} DG . x2, G300013) Mk 1, 40001 D? x 1) under the
conditions of a flowrate of 1.0 mM/mnute and a

col um tenperature of 40C using tetrahydrofuran as an
el uate and 5 nonodi spersed pol ystyrene as a standard
reference material. [0166] 80 parts of a under-Iayer
filmconposition (A) was obtained by adding 0.5 parts

of Tid Wﬁﬁ%ﬁ}a ?ﬁiyﬁ'r%? iv&éggbﬁé.f | ﬂWﬁ&ﬁn%ﬁFeﬁ 8 gel P&meation

resin solu and diluting the resulting mxture

' f
ooy 07 0bs P By oRpanaTgl a5 o

GR0@RIP0S) D0 Q2 GUe00H RO () uddeTihe cofditionsSet aldwo Faté 8)
used for preparing the under-|layer filmwas used as is

1.0 n@tAninbifeSind RkRurh R eipetdthi® of GO Gdikg frahytirofaedn A3ranichghte and
(1). [0168] 15 [Formation of under-layer film and

mondifi§gel Rl pokisnseteals alSidarideferdmgy efatdrial. m conposi ti on was
applied to an 8 inch silicon wafer by spin coating

[0166jnd heated on a hot plate at 200C for 60 seconds, then
on another hot plate at 300C for 60 seconds, to
obgGpartsaofianchees-laggrefilng ¢dmposition (A) was oktainsd byfaddogrd parts
the silicon wafer. The silicon wafer was exposed to

of tripbefiylsul foniumhiriflatg-toa rpastk opthetresin sglutiom(a end giduting;the)
irradiation time using an electron beam draw,n,

resultipg midtureswith A3 pags of betheyy-21arepasp] and 3 partsjf I‘@ﬁ@lﬁed water.

Formati on of upper-Ilayer filmconposition for
[016'hat t er ni ng and formation of pattern (1)] - After spin

ornGE b, Bonk PR babelabb bl O 2L Er ng () on the
O hiBigeria @ ol ESERAe PBhEPAR g et o

o B R T 0o 201350005 o

[016§]1) . 53 [0170]

[Formation of under-layer film and partial exposure]

The under-layer film composition was applied to an 8 inch silicon wafer by spin
coating and heated on a hot plate at 200°C for 60 seconds, then on another hot plate at
300°C for 60 seconds, to obtain a under-layer film with a thickness of 80 nm on the
silicon wafer. The silicon wafer was exposed to radiation through a mask pattern for a
specified irradiation time using an electron beam drawing apparatus manufactured by
Hitachi, Ltd.

[0169]
[Formation of upper-layer film composition for patterning and formation of pattern (1)]

After spin coating the upper-layer film for patterning (I) on the under-layer film,
the coating was heated on a hot plate at 155°C for 90 seconds. The resist was

developed in a 2.38 mass% tetramethylammonium hydroxide aqueous solution at 25°C

for 90 seconds, washed with water, and dried to form a 3x3 mm pattern (1).
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[ Exanpl e 2] The under-layer filmconposition (A) used
in Exanple | was utilized. [0171] 5 [Upper-layer film
conposition for patterning (11)] Comercially
avai | abl e phenyl tri met hoxysil ane was used as is.
[0172] Formation of the under-layer filmand partia
exposure were carried out according to Exanple 1. 10
nu7b 173] [Formation of upper-layer film conposition for
patterning and formation of pattern (2)] After spin

png t he upper-layer filmfor patterning (I1) on
[Exagﬁzémder-l ayer film the coating was heated on a hot

Pl eheufderI8RERIR EG:@EGS"!@&P?%%J REE£ASHE T WwSitilized.
devel oped uUsi ng 2-propanol "at 25C for 10 seconds,
[o17¢pshed with water, and dried to 15 forma 3x3 nun
pattern (2). [0174] [Exanple 3] The under-layer film
Uhnﬁ@ﬂ@@ﬁﬁhﬁ@ﬁm.&ﬁﬁ@ﬁﬁﬂpﬁﬂﬁﬁh@ﬁnﬂe 1 was utilized. _
[0175] 20 [Upper-layer filmconposition for patterning
(| Commefcipidy yvailable phemydtrinnghexyspeatisngediss is. of
hydr oxynet hyl acenapht hyl ene was prepared and the
[0172bnposition for patterning (I11) was prepared using
t he polyner (b). l[a0176] [ Pol ymer (b) having a
r eBemuatiog ofi thetundér-layetrfdnyansk paytial cspespra wetesawied ops
[0177] 54 HC CH H2C=CH CH20H OOCCH3
according to Example 1.

[0173]

_ [Formation of upper-layer film composition for patterning and formation of pattern (2)]

After spin coating the upper-layer film for patterning (II} on the under-layer film,
the coating was heated on a hot plate at 100°C for 60 seconds. The resist was
developed using 2-propanol at 25°C for 10 seconds, washed with water, and dried to
form a 3x3 mm pattern (2).

[0174]
[Example 3]

The under-layer film composition (A) used in Example 1 was utilized.

[0175]
[Upper-layer film composition for patterning (III)]

A polymer (b) having a repeating unit of hydroxymethylacenaphthylene was
prepared and the composition for patterning (III) was prepared using the polymer (b).
[0176]

[Polymer (b) having a repeating unit of hydroxymethylacenaphthylene]

- [0177]

34




10

15

(P-1-2) [01781 A separable flask equipped with a

t hernmoneter was charged with a mxed 5 solution of 9
parts by nass of 4-acetoxystyrene (P-1-2), 6 parts by
mass of 5-hydroxynet hyl acenapht hyl ene (P-1-1), 180
parts by mass of propylene glycol nononethyl ether,
and 5 parts by mass of dinethyl-2,2'-azobisisobutyrate
in a nitrogen atnosphere. The m xture was pol ynerized
at 60C for six hours while stirgjgwe=—CHe mi xture was
iIed"To0 IS0 and heated for one hour. [The resulting

he reaction product[} A sepprable flask
Lt her nonet er was ith all the
esulting solid com 100 parts by
t%L" ydrof uran, 100 parts™Q ss of
parts by nmass of triethylamne, and 3
s by mass of water’” The m xture was refluxed for
seven hourg while heating and 15 stir©0GgGHgnder
nitrogen aF%h9§phere. The resulting reaction solution
was condensed to one half by nass and poured into a
| ar nount of heptane to obtain of a solid
coﬁggﬁght. The Mw of the polyner &é@’%&oo. The Mwv was
nmeasured by gel perneation chromatography (GPC) using
GPC col ums (manufactured by Tosoh Corp., G2000HXLX2,
&30001, x 1, 40001 XLx 1) wunder the conditions of a
flowrate of 55 1.0 m/m nute and a colum tenperature
[0178k  40cC usi ng tetrahydrofuran as an el uate and
nopodi sper se ol ystyrene.as a standard reference
e armfble B fapin R Yo Tdhudle e SR,
ent apol to

5 AR P PR AR
403 FRLBAEE 10 TS B hol b Bl

‘moncgrgétﬁﬂ] ether, and 5 parts by mass of dimethyl-2,2’-azobisisobutyrate in a nitrogen

-atmosphere. The mixture was polymerized at 60°C for six hours while stirring. The

mixture was rised to 95°C and heated for one hour. ~ The resulting reaction solution was
condensed to one half by mass and poured into a large amount of heptane to
reprecipitate the reaction product. A separable flask equipped with a thermometer was
charged with all the amount of the resulting solid components, 100 parts by mass of
tetrahydrofuran, 100 parts by mass of methanol, 7 parts by mass of triethylamine, and 3
parts by mass of water. The mixture was refluxed for seven hours while heating and
stirring under nitrogen atomosphere. The resulting reaction solution was condensed to
one half by mass and poured into a large amount of heptane to obtain 18 g of a solid
component. The Mw of the polymer was 1800. The Mw was measured by gel
permeation chromatography (GPC) using GPC columns (manufactured by Tosoh Corp.,
G2000HXLx2, G3000HXLx1, G4000HXL x1) under the conditions of a flow rate of
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[ Formation of upper-layer filmfor patterning and
formation of pattern (3)] 10 After spin coating the
upper -l ayer filmconposition for patterning (l111) on
the under-layer film the coating was heated on a hot
plate at 155C for 90 seconds. The resist was

devel oped in a 2.38 mass% t et ranet hyl ammoni um

1.0 niSR% 268 a2ENSRHEmpERitite 0P R0 ustRCcliohy ROfusArAMdSluate and
washed with water, "and dried to forma 3 x3 nmm pattern

mondd&persé® Pb@%@ﬂdue ak Bsaiiphd réferebioe mangtal. - | @yeirtsfolylniass of the
conposition (A) used in Exanple 1 was used. [0182]
resulfitdPpsiymeayes dibidivediameo paits ofd-hrthydatgentanoh dbkaih bn 20
[0183§ 56 1 H3 H2CQA H2C=CH HN O H3C~ 1 _CH3 OH CH3
uppef-Ryérfiin {dPpattéhing[(IB4] 90 g of p- hydroxyphenyl
nmet hacryl anilide (P-3-1), 30 g of p-t-butoxystyrene 5
[0174]P-3-2), 9 g of azobisisobutyronitrile, and 5 g of
2, 4-di phenyl - 4-nmet hyl -1 -pentene were dissolved in
néidrmation offthe unilsctlayer filmsand plastind exposdrepwrie catried buki ng
(63C) for eight hours. The polyner solution was
according tbiBe@miple F.epreci pitati on using a net hanol / wat er
m xture, then using an isopropyl alcohol/heptane
[018Q%i xture to obtain a polymer with a nmolar ratio of

[ForthayOppt AT ARt i for patteming and f6iniBiion OF pabtets (3 " =

After spin coating the upper-layer film composition for patterning (IIT) on the

under-layer film, the coating was heated on a hot plate at 155°C for 90 seconds. The
resist was developed in a 2.38 mass% tetramethylammonium hydroxide aqueous

solution at 25°C for 60 seconds, washed with water, and dried to form a 3x3 mm pattern

€)2

- [0181]
[Example 4}

The under-layer film composition (A) used in Example 1 was used.
[0182]
[Upper-layer film composition for patterning (IV)]
[0183]
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10 Mv of 7000 and an MdM Wn of 1.77. This polyner is
designated as a resin (c). [0185] 193 parts by namss
of an upper-layer filmconposition (IV) was obtained
by dissolving mxture of 10 parts by mass of the
resin (c) and 3 parts by mass of N KALAC MX- 750
(manuf actured by Sanwa Chemical Co., Ltd.) as a
crosslinking 15 agent in 180 parts by mass of

1- but apdfs [0186] Formation of the under-layer film
and partial exposure were capjo-egtGbut according to
“E%a‘r‘rp? 1. 57 [0187] [Formation ofNupper-layer film
for patternigg and formati on of patt )] After.
spin coAting the upper-layer filmg on for

- pattgiing (1V) on the wunder-layer\film fhe coating
was heafed on a hot plate at 155C fox_20 geconds. The

i on at 25C
for 60{secondg, washed wth water, and drieg to forma
3x3 mMm\patte (4). [0188] [Exarrple 5] 10 h.L
under - | Nre (i | m conposition (A) used im, T
used. [O0189]\ [ Upper-layer film conposition Lﬁ
patterning (V)gu 193 parts of an upper-|ayer fm
conposition (V) was obtained by dissolving a mxture
of 10 parts by mass of

1, 3, 5-(E’r3 -8) 4- hydr oxyphenyl ) benzene -2 parts by nass
15 of Nl KALAC MX- 750 (rmanufactured by Sanwa Chemi cal
Co., Ltd.) as a crosslinking agent in 180 parts by
mass of ethyl lactate. [0190]

[0184]

% was

90 g of p-hydroxyphenyl methacryl anilide (P-3-1), 30 g of p-t-butoxystyrene
(P-3-2), 9 g of azobisisobutyronitrile, and 5 g of 2,4-diphenyl-4-methyl-1-pentene were
‘dissolved in methanol. The mixture was polymerized under refluxing (63°C) for eight

-hours. The polymer solution was purified by reprecipitation using a methanol/water
mixture, then using an isopropyl alcohol/heptane mixture to obtain a polymer with a
molar ratio of p-hydroxyphenyl methacrylanilide/p-t-butoxystyrene = 70/30, having an
Mw of 7000 and an Mw/Mn of 1.77. This polymer is designated as a resin (c).
[0185]

193 parts by mass of an upper-layer film composition (IV) was obtained by
dissolving mixture of 10 parts by mass of the resin (c) and 3 parts by mass of
NIKALAC MX-750 (manufactured by Sanwa Chemical Co., Ltd.) as a crosslinking
agent in 180 parts by mass of 1-butanol.

[0186]
Formation of the under-layer film and partial exposure were carried out

according to Example 1.
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Formati on of the under-layer filmand partial exposure
were carried out according to Exanple 1. 20 [0191]
[ Formati on of upper-layer film conposition for
patterning and formation of pattern (5)] After spin
coating the upper-layer filmconposition for
patterning (V) on the wunder-layer film the coating
[018YPS heated on a hot plate at 155C for 90 seconds. The
resi st was developed in a 2.38 nass%

[Fonizmgﬁgnfa(g@p%}-g Con'(&jﬂslmr By RNIsHRd FHRFER of Bathh W) ON at

washed wth water, and dried to

f OpfeAspdn éoa%inﬁ%@@}iﬂe?—!@er fifn) cohPds¥idn o8 pﬁ@ﬁ%ﬂ%n the

The under-|ayér filmconposition (A used in anple 1
unde¥fy et SRA- the LRG3 Iwds Heed oh ayet platd a16 §1Pfes OO isegdontior The
patterning (VI)] 5 Commercially avail abl e cycl ohexyl

resistiviy developed ingS.38 seds%etranethylam@dhivno hydivkida agieoube
under-layer filmand partial exposure were carried out

solutimic 24t Q fpric® sexamnlp) washed WithSbdter, 4k dredrtodiorinom3 83 mm pattern
upper-layer filmfor patterning and formation of

(4). pattern (6)] After spin coating the upper-layer film
conposition for patterning (VI) on the under-|ayer

[0188} Im the coating was allowed to stand overni ght under
a nitrogen atnosphere at roomtenperature. The resi st

[Example EHevel oped using nethanol at 25C for 10 seconds,
washed wth er, and . drjed to,form X3 mm pattern
( a5 unler-(aysB I ESmRTEoD A PO EATI 512 Jittbe - | ayor

[OISEfJi | m conposition (B))

[Upper-layer film composition for patterning (V)]

193 parts of an upper-layer film composition (V) was obtained by dissolving a
mixture of 10 parts by mass of 1,3,5-tris(4-hydroxyphenyl)benzene and 3 parts by mass
of NIKALAC MX-750 {(manufactured by Sanwa Chemical Co., Ltd.) as a crosslinking

agent in 180 parts by mass of ethyl lactate.

[0190]
Formation of the under-layer film and partial exposure were carried out
according to Example 1.
[0191]
[Formation of upper-layer film composition for patterning and formation of pattern (5)]
After spin coating the upper-layer film composition for patterning (V) on the
under-layer film, the coating was heated on a hot plate at 155°C for 90 seconds. The
resist was developed in a 2.38 mass% tetramethylammonium hydroxide aqueous
sélution at 25°C for 60 seconds, washed with water, and dried to form a 3x3 mm pattern
5).
[0192]
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A under-layer filmconposition (B) containing a resin
obt ai ned by radical polynerization of acenaphthyl ene
and 5- hydr oxymet hyl acenapht hyl ene was prepared.

[0197] 20 A separable flask equipped with a

t hernoneter was charged with acenaphthylene (8
parts), 5-hydroxynethyl acenapht hyl ene (4 parts),

n- yl acetate (50 parts), and
[Exalggggélt]si sobutyronitrile (4 parts). The nixture was

et o2 Db o @ Shed B Ry L Rafhosd ' 1D

Y

unde den a € reaction,
[Ol%reacti on mxture was diluted with 100 parts of

r}-butyl acetate and the organic | ayer was washed 25

i i & 1 il sol vent of water and
wppﬁ%ﬂ%ﬁﬁ(&% g?ﬁaﬁr Q{Po = %E@] The sol vent was
eV@&ﬁﬁl@m&%ﬁaﬂm@bﬁtm&?l ViRgr ethéhwadiuséd @&isMv of  1500.
[0198] 59 e part by mass of the polynmer (d) and 0.1
[019@3” of triphenylsulfoniumtriflate were dissolved in
O parts by mass of ethyl lactate to obtain 21.1 parts

byFdraafio® bf the undérdeyer|fdmeand fplattinl expasoe wére narfiEd out
[0199] 5 [Upper-layer filmconposition for patterning
according]to ERampieeki n sol ution (a) was used as (1) as is.
[ 0200] Formation of the under-layer filmand parti al
[0198xposure were carried out according to Exanple 1. 10
[0201] [Formation of upper-layer filmfor patterning
[Formattbofofuppert-loyerdiimpfar pattemnipg ppd fgrmation pf patiegbt@hg t he
upper-1layer filmconposition for patterning ,(IZ] n the
urier-spinyenating the upprelayerflhepmResitinafPEpatisIEg KYp on the
plate_at 155C for 60 _secpnds. The .resigt was
underilayel g s paing was alguedio Bind SYETigHt ¥afies A Afpeen
hydr oxi de aqueous 15 sol ution at 25C for 60 seconds,.
stmodherictl "o HNBRTERCe. A pePit e der opreape e R Al 25 for
10 seconds, washed with water, and dried to form a 3x3 mm pattern (6).
[0196]
[Example 7] (Preparation of under-layer film composition (B))

A under-layer film composition (B) containing a resin obtained by radical
polymerization of acenaphthylene and 5-hydroxymethylacenaphthylene was prepared.
[0197]

A separable flask equipped with a thermometer was charged with
acenaphthylene (8 parts), 5-hydroxymethylacenaphthylene (4 parts), n-butyl acetate (50
parts), and azobisisobutyronitrile (4 parts). The mixture was polymerized at 80°C for
seven hours while stirring under nitrogen atomosphere. ~ After the reaction, the reaction
mixture was dituted with 100 parts of n-buty! acetate and the organic layer was washed
with a large amount of a mixed solvent of water and methanol (waight ratio = 1:2).

The solvent was evaporated to obtain a polymer (d) with an Mw of 1500.

[0198]
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(7). [0202] |[Exanple 8] The under-layer film
conposition (A) used in Exanple 1 was utilized. 20
[0203] [ Upper-layer filmconposition for patterning
(1'V)] The upper-layer filmconposition (IV) used in
Exanple 4 was utilized. [0204] The under-layer film
was formed according to Exanple 1. 25 [0205]
[ ' olyA%e(d)fahll 0 1f it GTatiplsuyisafomineh triflate
fgg{lm |rgﬁﬁgggspﬁ{?§?nly( 8)? )A coatligﬁtg ob?ai ged by. spin
wereGRRbVE id DEpHRNST misRR e ethyl 1aBlagioTedEdis 2 DN phas by 6fdss of an
patterning ]()IV) on the under-layer filmwas exposed to
undef-8eaiiin® Borhpssititg(B. mask pattern for a specified
irfadiation tinme using an el ectron beam draw ng
[o199ppar at us manufactured by Htachi, Ltd and heated on
a hot plate at 100C for 60 seconds. The resist was
[Uppdelagbofiled compasitRnIBr patessing €)f anet hyl anmoni um
hydr oxi de aqueous solution at 25C 5 for 60 seconds,
waBleatsinisblution (®rwasanmed ey ([pas 5.0 forma 3 x3 nm pattern
(8). [0206] [Patterning performance eval uati on]
(0200t t er ni ng perfornmance was eval uated using the
patterns (1) to (8) obtained in Exanples 1 to 8 under
t heormwtian of theainderorerifiinrpag partil exprsurestse carmigf QUL hown
in Table 10 1. [0207] TABLE 1 Exanple Pattern
accorgingdedz@implal+ / exposed part Fil mthickness change

before and after patternin
[0201] P g

[Formation of upper-layer film for patterning and formation of pattern (7)]
After spin coating the upper-layer film composition for patterning (I) on the
under-layer film, the coating was heated on a hot plate at 155°C for 60 seconds. The

resist was developed in a 2.38 mass% tetramethylammonium hydroxide aqueous

solution at 25°C for 60 seconds, washed with water, and dried to form a 3%3 mm pattern

).
[0202]
[Example 8]
The under-layer film composition (A) used in Example 1 was utilized.
[0203]
[Upper-layer film composition for patterning (IV)]
The upper-layer film composition (IV) used in Example 4 was utilized.
[0204]
The under-layer film was formed according to Example 1.
[0205]
[Formation of upper-layer film for patterning and formation of pattern (8)]

A coating obtained by spin coating the upper-layer film composition for
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1 1 Unexposed part <1 E osed part +190 2 2 Unexposed

part <1 Exposed part +1 3 3 Unexposed part <1

Exposed part +10 4 4 Unexposed part +1 Exposed part

+15 5 5 Unexposed part +1 Exposed part +11 6 6

Unexposed part +1 Exposed part +5 7 7 Unexposed part

<l Exposed part +240 8 8 Unex osed part +1 Ex osed
patteRifid (gt% on A AH8-1ader diabhas é}lcp%lﬁéﬂ/\?) rafiation eoghpOssEkepattern

ar ea n the under-layer filnms of Exanples 1 to 8 are

for a SHdcHidd MaHMHORiIR LB aB)ldchBn BRRR drdvig ipfardti® mbifactured
patterni ng. | NDUSTRI AL APPLI CABI LI TY 61 IEOZOQ] The

by HR#dH: 91tD 2h@ hédt@Don B hboslatefat 100CHoeS@Ricohdyy e The oesist aasbe
very suitably wutilized w thout using a general

develRPed i £3.88 mabs¥h tétrapetiiydmnoaiuinohydvbxide bqgoas sdutdorr at i58C
boards and the |ike using a |ithography process in
5  for 6@veéovnds/ arasimdswitly pater,aid deidd &t foom, a 3°8 parpatten] @)1 y EB,
X-rays, and EUV are used. 62
[0206]

[Patterning performance evaluation]
Patterning performance was evaluated using the patterns (1) to (8) obtained in

Examples 1 to 8 under the conditions shown in Table 1.  The results are shown in Table

10 1.
[0207]
TABLE 1
' i ick h:
Example | Pattern Unexposed part/exposed part b e?élrr: ;J%Cang_spiﬁ?gf he

1 1 Unexposed part <1l __
Exposed part +190

N 9 Unexposed part <1
Exposed part t1

3 3' Unexposed part <1
Exposed part +10

4 4 ~ Unexposed part +1
Exposed part +15

5 5 Unexposed part +1
Exposed part +11

6 6 Unexposed part +1
Exposed part +5

7 7 Unexposed part <1
Exposed part +240

3 3 Unexposed part +1
Exposed part +15

[0208]
15 Table 1 shows that the exposure areas on the under-layer films of Examples 1 to

8 are selectively patterned by the upper-layer films for patterning.

INDUSTRIAL APPLICABILITY
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CLAIMS 1. A pattern form ng nethod conprising the
followng steps in the followng order: (1) a step of
form ng and curing a under-layer filmcontaining a
radi ati on-sensitive 5 acid generator which generates .
an acid upon exposure to radiation on a substrate; (2)
a step of irradiating the under-layer filmwth
Umogadiation through a nmask to cause an acid to be
éelectively generated in the exposed area of the
u r- i f. N : yer
; Pﬁ% %ltt?%ﬂifog%ﬂélgrﬂletﬁéa ofthe .tp?é%el‘& 1rr1\fée%ﬁmx 38 By @&&iﬂl?

not contarn a I atl on-sensSitive

uﬁnzé&%he%nﬁhgtaogene&wFh&efﬂsg} R% mcloBPRsidd mnfegﬁ@é& &replt
poly g 10 o

neri zi crosslinking by the action of an

board%%ihg thd He Wirt £RthBkrabRy ﬂ&%sﬂn S @variohi§yp¥s of radiation,

pol ynmeri zati on or crosslinking selectively in the
pani@q@gr]gjﬁ, Xl}ﬁysl;lﬂmEUWghsédJ m corresponding to the area
of the under-layer filmin which the acid has been
generated; and (5) a step of renoving the area of the
upper-layer filmcorresponding to the area of 15 the
under-layer filmin which the acid has not been
generated. 2. A pattern form ng nethod conprising the
following steps in the following order: (1) a step of
formng and curing a under-layer filmcontaining a
radi ati on-sensitive acid generator which generates an
acid upon exposure to radiation on a substrate; 20 (2)
~a step of irradiating the under-layer filmwth
radi ati on through a mask to cause an acid to be
sel ectively generated in the exposed area of the
under-layer film (3) a step of exposing the
under-layer filmto a gas which does not contain a
radi ati on-sensitive acid generator, but contains a
nononmer capabl e of polynerizing or crosslinking by
the action of an acid; and 25 (4) a step of formng a
cured filmby polynerization of the nononer or
crosslinking selectively in the area corresponding to
the area of the under-layer filmin which the acid
has been generated. 63 3. A pattern form ng nethod
conprising the followng steps in the foll ow ng order
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(1) a step of formng and curing a under-layer film
containing a radiation-sensitive acid generator which
generates an acid upon exposure to radiation on a
substrate; 5 (2) a step of form ng an upper-layer film
on the under-layer film which does not contain a
radi ati on-sensitive acid generator, but contains a
conposi tion capabl e of p&é}'@eri zing or crosslinking
by the action of an aciq-: formng a | amnate from
the wunder-layer filmand the upper-layer film (3) a
step of irradiating the lamnate with radi ation
through a mask to generate an 10 acid selectively in
1.t he\ patteaifoatirg methad abmtising tsbefollbwing stépslifthe #llowing order:;
step of formng a cured filmby polynerization or
(1) cr astdpiofifoming ahd ctring=d ynden-layeh filracemaining §eadiation-sensitive
_upper-layer filmcorresponding to the area of the
acid @enerator aghich genkratésran askd wpontexposuce th radiatione on a substrate;
generated; and (5) a step of renoving the area of the
(2) uppsteplofjmadisting the vnderdpyerdilmgwitoradiatioa through a niask tdeause
under-layer filmin which the acid has not been
an agjd te pe selertively generated indheexposed arga afithe suderclaperdilmg t o
any one of clains Itg 3, wherein the under-layer film
() i sastep&f erming an ppperdayenifitiwhich degsingt centaiansi ti ve
.acid generator. 20 5, The pattern form ng nethod .
radiation-feRsitiye 3id geRFraiAE bt containg,g compesition capableiof pelymerizing
ntajns a polyner having a

under - | film
or ¢ nﬁ%ﬁ esqtlogc@o&ﬂ@g ate, or both, of at |east one
@ CoRRBHY LGRSy 8 CiEITRRRLOR OF Fossiniins segtiyely i
the ofeh SR P Bih e 4 el Y b S o
whicf4hd¥d4 ﬁ?@baegtglgﬁ%rg{ed?amggr)noval ent organic group, and a

repr esen ege omO to 2,

) Sgb Gt%ﬂ@f%ﬂno%’mg t!ﬂ@a?ea%f(tﬁﬁper-% ﬁﬁ')rx] 8?3}9%8)%?111@ 15%he arew of

and Ro the sanme or ere
the Uh@SLIBFE Hlmdin WHICH MHeBRid h-ReRbBien dEh&dfed0r a hydrogen
atom b and c individually represent an integer from?O
to 2, R7 represents an oxygen atom or a group
-(CH2) .-, (wherein n represents an integer
2. A pattern forming method comprising the following steps in the following order:

(1)  astep of forming and curing a under-layer film containing a radiation-sensitive
acid generator which generates‘ an acid upon exposure to radiation on a substrate;

(2)  astep of irradiating the under-layer film with radiation through a mask to cause
an acid to be selectively generated in the exposed area of the under-layer film;

(3)  astep of exposing the under-layer film to a gas which does not contain a
radiation-sensitive acid generator, but contains a monomer capable of polymerizing or
crosslinking by the action of an acid; and

(4)  astep of forming a cured film by polymerization of the monomer or crosslinking
selectively in the area corresponding to the area of the under-layer film in which the

acid has been geﬁerated.
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froml to 6), and d represents O or 1. 10 6. The
pattern form ng nethod according to claim1l or 3,
wherein the upper-layer filmcontains a hydrolyzate
or a condensate, or both, of a conmpound shown by the
following formula (1), R,Si(OR2)4 a (1) 15 wherein
R represents a hydrogen atom or a nonoval ent organic
group, or an aryl group, R2 represents a hydrogen
atom or a nonoval ent organic group, and a represents
3. anA pattemgfermingonetbod comprisity the fo¥ewipgisteps in the following order:
met hod according to claim1 or 3, wherein the -
(1) uppeteplof ferming archeusingtaunder-tayeoiig pordaismgpogdiatiormsensitive
~of polynerizing or crosslinking by the  _action of an
acid gegegatopwhichgeneratas an afid gpan p¥pRsyre tegadiation on & suhsateat e
of the canmpqQund shown b% the following fornula

(2) 252 pten of farging an uppefbaies il R0 thewrderiayes film,yhich (éeléﬁ' not
o Fads TOORYS e SR S
ot G5 B B RS RERSoho BRLFAES B e
unde 5 Bl 0 SREEER TRk i g uni ¢ shown by the

®) pot o8 F el R ot it BB sl A Qe on
scid TN ERE b Bt eAE e fRIGRREIR" PP TRt e
4 R{ st%'oﬁ?c;mﬂfé Rebied B by polymerization or crosslinking selectively in

the area of the upper-layer film corresponding to the area of the under-layer film in

which the acid has been generated; and
(5)  astep of removing the area of the upper-layer fitm corresponding to the area of

the under-layer film in which the acid has not been generated.

4. The pattern forming method according to any one of claims 1 to 3, wherein the

under-layer film is an organic film containing a radiation-sensitive acid generator,
5. The pattern forming method according to any one of claims 1 to 3, wherein the
under-layer film contains a polymer having a hydrolyzate or a condensate, or both, of at
least one compound selected from the group consisting of compounds shown by the
following formula (1) and (2), |

RLSI(ORY.. (1)

wherein R represents a hydrogen atom or a monovalent organic group, R® represents a
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(3) (4A) (4B) 10 wherein R8 and RO show a hydrogen
atom an al kyl group having 1 to 3 carbon atons, or
an aryl group, R10 represents an al kyl group having I
to 3 carbon atons, a vinyl group, an allyl group, or
an aryl group, and L is O, 1, or 2. 15 9. The pattern
form ng nethod according to claim?7, wherein the
upper-layer film contains a polymer having a

hydrogga atomgr ¢ mopovalent organiq grenp.and atepssanthap itagesiramdiio 2,
by the followng fornula (5) and a
pol ystyrene-reduced wei ght average nol ecul ar wei ght

nmeasured by a gel 4per pon, chrsomatogr aphy met hod of
500 to 500, ood,gb@'sga'—hﬁ@bd%@h%ﬁop @& 0 R (5)
wherein R1' and R12 represent a hydrogen atom an

al kyl group having 1 to 3 carbon atons, or an aryl

e RS SRS BB SRRy e i
sl oy ol H i BB S im0
X I DRI b Bk i S A R P S gr

from'I'}d 8), SAPWRepRsents/tFor 01 | OWI NG Tor nul a (6) and a
po yst’yrene-regﬂced wei ght average nol ecul ar wei ght
10 neasured by a gel -perneati on chromat ography nethod

of 500 to 500,000, R s\ CRIL4Risi
6. The pattern forming method according to claim 1 or 3, wherein the upper-layer

film contains a hydrolyzate or a condensate, or both, of a compound shown by the

following formula (1),

R.Si(OR%4a (1)
wherein R represents a hydrogen atom or a monovalent organic group, or an aryl group,
R’ represents a hydrogen atom or a monovalent organic group, and a represents an
integer from 0 to 2.
7. The pattern forming method according to claim 1 or 3, wherein the upper-layer
film contains an organic compound capable of polymerizing or crosélinking by the

action of an acid, but not containing a hydrolyzate or a condensate of the compound

shown by the following formula (1),
RLSi(ORY)4. (1)
wherein R' represents a hydrogen atom or a monovalent organic group, or an aryl group,
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(CR17 ) r (6) wherein R14 and R15 represent a
hydrogen atom an al kyl group having 1 to 3 carbon 15
atons, or an aryl group, R16 represents an al kyl group
having 1 to 10 carbon atons, a vinyl group, an allyl
group, or an aryl group, R 7 represents a hydrogen
atom an alkyl group having 1 to 10 carbon atons, or

R’ represunys a ydeogen flornor @ mohovalenorg@ié gfoupSark a epreléntSan
67 11. The pattern form ng nethod according to claim

integer fidneOed B. t he conposition of which the nol ecul ar
wei ght has increased as a result of polynerization of
the upper-layer filmcontains a repeating unit
sel ected fromthe repeating unit shown by the 5

8. f ofTlhepatternffomumg methtyd ancrdimpstoaiaiml % stheretm eherp@erciader film
wei ght average nol ecul ar wei ght neasured by a

contgias apolyneerthaving ah leastaine gepmptiyg mt stwovoby 6@ Gollawving formulas
500,000, , kH2 CCH ORIS (7) 10 wherein R 8

(3), (4r ardt#B9 and hyaia pofystyrenewpdused welght averageomblgovulagwigho
10 carbon atons, or an aryl group. 12. The pattern

measusedrby, g BrbperBatien ehramatgsraphy methadof 5Rde S0%,000,¢
conposition of which the nol ecul ar wei ght has
increased as a result of polynerization of the nononer
15,contgins a repeati unit sel ected fhon1the

+Epeatt@g—unit sho —Lhé_}ollomﬁng_iginulép47) and
g pel ght average nol pcul ar

sured by gheation chro aphy
.t 0 500 kl-lﬁ&awh —H{R1%)
tr S S
RBI' \ 9/ N ’ 9/ \
. OH R OH R oH
@ ) “B)

wherein R® and R® show a hydrogen atom, an alkyl group having 1 to 3 carbon atoms,
or an aryl group, R" represents an alkyl group having 1 to 3 carbon atoms, a vinyl

group, an allyl group, or an aryl group, and Lis 0, 1, or 2.

9. The pattern forming method according to claim 7, wherein the upper-layer film
contains a polymer having a repeating unit selected from the repeating units shown by
the following formula (5) and 2 polystyrene-reduced weight average molecular weight

measured by a gel-permeation chromatography method of 500 to 500,000,
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, CH RIS (7) 20 wherein Rs represents a hydrogen
atom an al kyl group having 1 to 10 carbon atons, or
68 an aryl group. 13. A conposition for form ng an
upper-layer filmused in the pattern form ng nethod
according to any one of clainms 1 to 12. 5 14. A
conposition for formng a under-layer filmused in the
pattern form ng nF,l;hod according to any one of clains

L'to12. 69/t |
/(’c\

wherein R and R™ represent a hydrogen atom, an alkyl group having 1 to 3 carbon
atoms, or an aryl group, R" represents a hydrogen atom, an alkyl group having 1 to 10

carbon atoms, a vinyl group, an allyl group, or an aryl group, and pis 0, 1, or 2,

10.  The pattern forming method according to claim 7, wherein the upper-layer film
contains a polymer having a repeating unit selected from the repeating units shown by
the following formula (6) and a polystyrene-reduced weight average molecular weight

measured by a gel-permeation chromatography method of 500 to 500,000,

PR 316)
[ CRMR “/\}&' \q
S Y

G

®

wherein R' and R represent a hydrogen atom, an alkyl group having 1 to 3 carbon
atoms, or an aryl group, R'® represents an alkyl group having 1 to 10 carbon atoms, a
vinyl group, an allyl group, or an aryl group, R" represents a hydrogen atom, an alkyl

group having 1 to 10 carbon atoms, or an aryl group, qis 0, 1, or 2, and ris 1, 2, or 3.
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11.  The pattern forming method according to claim 7, wherein the composition of
which the molecular weight has increased as a result of polymerization of the
upper-layer film contains a repeating unit selected from the repeating unit shown by the
following formula (7} and has a polystyrene-reduced weight average molecular weight

measured by a gel-permeation chromatography method of 500 to 500,000,

gze
oy
| 4]

a‘ls

O

wherein R'® represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or

an aryl group.

12.  The pattern forming method according to claim 2, wherein the composition of
which the molecular weight has increased as a result of polymerization of the monomer
contains a repeating unit selected from the repeating unit shown by the following
formula (7) and has a polystyrene-reduced weight average molecular weight measured

by a gel-permeation chromatography method of 500 to 500,000,

ga
NP
LR‘IH

Y

wherein R'® represents a hydrogen atom, an alky! group having 1 to 10 carbon atoms, or
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an aryl group.

13.  Acomposition for forming an upper-layer film used in the pattern forming

method according to any one of claims 1 to 12.

14. A composition for forming a under-layer film used in the pattern forming

method according to any one of claims 1 to 12.
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