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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 nethod for formng a
pattern suitable for 10 mcrofabrication. Mre
particularly, the present invention relates to a

met hod for form ng a mattripreM 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

by MEDHO®ROFEORNING FATTERN, OOMPOSITIERREOFORMIN
design rules is rapidly progressing in order to

achi eve higher i DIPPGRLAVERFILMANDr cuits.

Devel opnent of a |ithographic process enabling

m cr of abMBORBNGMFARSEGRMENMBTNOERBAYRFERIALt | 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

TE A FREED| aser, a method of using EB or EW has

bgen proposed. [0003] The foll ow ng various
[00ddi ati on-sensitive resin conpositions have been 25

proposed as positive-tone resists for electron. bea

or 1R Presil inberienieiiet 14 saphorder fpBIng A RftewLgHeble for
Cul.tra-m crqfabrication. [0004] .1 (1) ‘ ‘
micRRATREIT y SRR Gl e PO BEEPp olaies (uf ethod for
fornﬁggg %ﬁt‘téxh%ﬂitﬁa‘fﬁoﬁ-'fgllnﬂgg %icro-pattems using electron beams (EB), X-rays,

or extreme ultraviolet 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 Arl 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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pol yhydroxystyrene resin partially protected by an
aci d-di ssoci abl e functional group (resin for KrF
excimer), a novolak (resin for i lines), and an

aci d-di ssoci abl e group: Various patent applications
such as a conposition containing a 5

pol yhydroxystyrene resin partially protected by an

ac U
1 ARG S5RGBT oo

poly@?ﬁ 84rcdd resth SATRIBSHotRkd t@%t RAdHREbciable functional group
polyhydroxystyrene resin partially protected by

(resMabl HUS eadmeér)di asanilaben f@i GBS, adianoddiditisScthdbl oGP
generates a f1 uori ne- cont ai ni ng aromatic sulfonic

acivirioanpatet dpblicitionesiwhnt aicoinpgsiion sorthiada-acont ai ni ng
surfactant (see Patent Docunent 4), an 10 onium salt
polyhadioxgstatenk east ponaleprecitedibyaintacaal groap gndarpacid generator
(fluorine, a cyano group, a nitro group) as a
havigg tveed I halmneed ednsiivitgtand nesalitiot yseedaeenPRoemterD3g,Lnamiposition
, aresin having a disulfonyl group (see Patent
oontMYh}@} OXyatyrensi Tasin Rettinly Wrasgehbxiesiaus epiylidigpciale
(see Patent Docunent 7), and the |ike have been
roupsse) Yeey s H&M}wcnc@%@@%pmatalmg ypmpke suific acid, and
reached a,practjcal use |evel ace roughness,
a fluggpe oty OraSH&Ofscoe@ngwaa@u ﬁcﬁgawvbﬁ%m%&nf a) o
M cro- ternf mation is said to,

t
Omuwagal?ﬂ'f"?l&ﬂtéé%@ﬁ %@sﬁ“ﬁa aiff %ﬁéﬁ%@éﬁp GOT P PYANGET P AYtro

ar ou%g g%%%l{%g%%m 0 cb%lglgjl l%&m &e g"ﬁ{\e}ﬂy Js_)ocumén'}l%? resnlthavmg a
dmuﬁﬂ@ylé‘?&fﬁééké‘?ﬁt@ﬂ%%uﬂ}eﬁ? 6] kékufﬁ%& ﬁ%&%ﬁﬂﬁé&l}fﬁgxl group

n-sensitive Tresi‘h cO

t
(see %E@PPEE‘E,‘?%}& ?halng'tﬁes 1&;@%%% h@g{ gagag%:dgy agdwgvgg{hgg@@ﬁ&%ds

still ﬁﬁveﬁﬁﬁ%d@hé’d i}éra@ﬂ&*&l Q5K B8 $h Mekface roughness sansnlvny, and
Pol y-t-butyl -a-chl oronet hyl styrene exhi biting

resoRtio@ldueing nbabanaerndbrmamal ution and 25 senS| tivity
(Patent Document 1) and a resin with an atom (N, 0, S)

[0006fhi ch is easily cut by electron beanms introduced into
the resin termnal (Patent Docunent 2) have been
di dMicwspadteri-ionmeten isahitiio bgdiffarfewhepnowge melndmiofilly
sensitivity may be recogni zed,

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 excetlent resolution, but can be used in practice
only with difficulty due to problems of sensitivity and outgassing,
Poly-t-butyl-c-chloromethylstyrene exhibiting excellent balance of resolution and
sensitivity (Patent Document 1) and a resin with an atom (N, O, 8) which is easily cut
by electron beams introduced into the resin terminal (Patent Document 2) have been

disclosed. Mowever, although some improvement of sensitivity may be recognized,
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2 the resins still have problens in sensitivity,

et ching resistance, and outgassi ng. These resins
therefore have not yet reached a practical usable

| evel, [0007] Patent Docunment 1. JP-A-2000-147777 5
Pat ent Docunment 2: JP-A-11-296'12 Patent Docunent 3:
JP- A-6-194842 Patent Docunent 4: JP-A-2000-187330

thet 8%15 %ﬁ 1&9%3%5@%3 én;%sl fé’ﬁﬁﬁ? s g%giﬁ%ang@%ﬁ@ butGHIEE M hese
resi Ft’hée?OQQ Ravkio? ? %@%ﬁﬁécﬁ@@l?&%@%%l "Rel ation

etween spati a ution and reaction mechani sm of
rooogpem cal Iy anplified resists for electron beam
" lithography”, Journal of Vacuum Science & Technol ogy

Pateﬁtbbﬁﬁ«}mm@eﬂamomoo 20037 Vol. 21, No. 6, pp. 3149 to
152 15 DI SCLOSURE OF THE | NVENTI ON [0008] The

Pamﬁfmanﬁemmvmwﬁomhm been achi eved in view of the
above problens and has an object of providing a
PatepalDbeumertft Gr Mt-Ago+teddnid whi ch can formmicro patterns
havi ng excellent resolution at a high precision.
PateBeDaagsertt He Jihat 20 §73861 ng met hod of the 20 present

i nvention i ncI udes a step of fornming an upper-|ayer
PateﬁtDm:wanél A2 1-pL§Reri zabl e or crosslinkabl e
onposition_on a under-|layer filmwhich is provided
Pﬂwmpﬁmﬂﬂ%}ﬁﬁt ﬂ%rét‘z(l(@n‘? @R ng or not containing an acid,

reduction_ o whi ch causes a problemin
Pdtegbﬁefﬁwer&ﬂeiﬁ-gaﬁ@ %&?ﬂ ed or

non em cal | y: lified resists n _be,expect ed
NonGaBepoaThb: Tisp by eiae i desofion APAFFRERE Fehagiim
of c.ch,mlc,ale amplﬁaedtr%&&sffc?rrc%ctx%xl'E%axﬁcf‘iihogmphy” Journal 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 patterns 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 4 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 patiern forming method

suitable for EB, X-rays, or EUV using a resist effectively responding to electron beams
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suitable for EB, X-rays, or EUV using a resist

effectively responding to electron beans 3 and

extrene ultraviolet radiation. [001.0] According to

the present invention, the follow ng pattern form ng

met hods are provided. 5 [0011] [1] Apattern form ng

met hod conprising the following steps in the follow ng
and 8Eh¢ pialioledadikeh, f forming and curing a

under - I ayer ? f m contai ning a radi ati on-sensitive acid
[ooggnerator which generates an acid upon exposure to

radi ation on a substrate, (2) a step of irradiating

t headeelRhg 1cA%e bresédt Ivdntibn, B FAb ki ﬁﬁfeguﬂﬁmﬂlgﬁiﬁahaeas%m

cause an acid to be 10 sel'ectively generated in th
pro¥id@psed area of the under-layer film (3) a step of

formng an upper-layer filmwhich does not contain a
[00Y14di ati on-sensitive acid generator, but contains a

conposi tion capabl e of increasing the nol ecul ar wei ght
[1] by ppittame farmaig mathod compossg thekdiohgwing stdpe imtieifoiloveihg ander:

acid, (4) a step of formng a cured filmb
(1) peey nbtormig wd coring p osddrtlaydr figmsehtiting e radidtiont epsitivesrid

of the upper-layer film 15 corresponding to the area
gengptof ﬁ@lqm&féﬁrﬂreéyé peifiupan ﬁﬁl%ﬁieclﬁ radialioeonda hibstriges(®) a step

erated, ,and renmovi ng the area of  the
of H‘%@%W& the wpderilayer am %@ nwgthl %‘Jﬁl}ﬂemésrl@ﬁ cgpse anpgid to be
I r-1a er flhn1|n |ph ghe aﬁ q has been
se c@té\ﬁ &50eH tcc[ 1@6 SFXPOPEs) argd ihe updery Byqxn{'ﬂ taﬁ’b@ of forming

n the. fo

oY L S S S D
COnt%R]gtaq}I é)lagillgn C%%g%tdﬁﬂlcrga%ﬂl t '.l{g Z‘ﬂ%tl%%lr gg%g{h% gﬁ %%rlﬁﬂu@n or

nera an a upon

closﬁﬁ*ﬁéﬁm o s B SR, (B L6 B RHIDG GREL AR -1 el

Iation ocausea acid to

poly*ﬁ?enz%r?&t di Bﬁhﬂklﬁﬁ @ﬁé(ﬁﬁv@@ ihAhd jﬂ‘éd @f@)@%ﬁﬂmﬁﬁﬁﬁ‘ fif the

under - | ayer fil a step of exposi
corredpagdink &Y e afdal dﬂtﬁ@ulﬂ39&§cM]rﬁ th #RRE tlﬂ%md?@ﬁtlﬁbﬁ géherated,

radi at1on-sensitive acid generator,
and (5) a step of removing the area of the upper-layer ﬁlm corresponding to the area of
the under-layer film in which the acid has not been generated,
[0012]
{2] A pattern 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

or 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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25 but contains a nononmer capable of increasing the
nol ecul ar wei ght by pol ynerization or crosslinking by
the action of an acid, and (4) a step of formng a
cured filmby polynerization of the nononer or
crosslinking selectively in the area of the
under-layer 4 filmin which the acid has been
Fimd8 A8 0 acid 18933l fikrafecpat tern formi ng met hod
conprising the following steps in the follow ng order:
[0013) a step of forming and curing a under-layer film
containing a radiation-sensitive acid 5 generator
[3] V\hIA;Eatgm ﬁfIﬁﬁlq,Smathonbdlpu@QE tigxfollewing stepstadicablioningrorder;
a substrate, (2) a step of torm ng an upper-layer film
(1) avticp bf fhoméngnotd coang aiunder-lapdifiii ntahEns b radigiomededsitive acid
generator, but contains a conposition capabl e of
genérater edsd ngpnetaces molaeitiuipen ewpdyig tobydiatel gmre sitstraieo(?) arstep
crosslinking by the action of an acid, and formng a
of ferarinpan sppardayer figm whidedodsapeeortin mradietiqnhgsnsitive actd
upper-|layer film (32 a step of irradiating the
gengraternfat coniink 2 tompadiien fapablernf Hirgersmgiag o ‘?éu}@éw&h!éi By
an acid selectively in the |rrad| ted rea of the
po]m}pﬁg@tlp@?)égmpthhpg zg)theaacé{ogp’) ap ap ré“ﬁm&?rl@auﬁitq fhom the

und gy eSSl A %,is&?en BRI ”%ég‘?kﬁi:a@gfn%ﬁ%’ﬁvwﬁe i
nder

.of the
radiion ol IB??& ' éfﬂegats@@am@f““@a%w PR dE g e e

undﬁglggér_f%l% gﬁ) ar %prr%{ciﬁ{ r{}\ﬁl? QL%&FA{@%%IL%’ g&]ﬁaﬂ%{zﬂgmﬁ St c[)b%slmkmg,
9ele@t‘?ﬂe§¥ gxt 58 arda Q0 Hifby éﬂig%rgnhi?]\rpeér}féfhdﬁa%ﬁ th¢ a1'§§'bbﬂl@

ng to any

undé’lnlg?él Ve wiitl Melasidads QESARnGratdd, ﬁh&?gta%té]ﬁ' melﬁovin%_the

ation-sensitive acid genher at or

areaPRAUh&G Fpeh My Ain BB EPEnALE &F theRgkatd? tRNVhdenRyerf m[mlm] whigh
[3], erei'n the wunder-layer filmcontains a

the fyd had wadken gnemt@bndensate, or both, of at |east one
compound sel ected fromthe group consi st i ng of

[00kidnmpounds shown by the follow ng

t4] 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(ORH4, (1)

. . 4
wherein R' represents a hydrogen atom or a monovalent organic group, R” represents a
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formula (1) and (2), 25 RnSi(OR2)4_ n (1) wherein R
represents a hydrogen atom or a nonoval ent organic
group, R2 represents a 5 hydrogen atomor a
nonoval ent organi c group, and a represents an integer
fromO to 2, R3b(1t403.bSi-(R)a-Si(ORs)3IRbc (2) 5
wherein R3 Ra Rs and R the sane or different,
hydﬂogslm YoHUst 4 moﬁ@m&@ srgam@ aff&gpmk @%preseﬁmﬁhm@aﬁ Fiéeh Qo 2
a hydrogen atom and I ndi'vidual'ly represent an
integer fromO to 2 R7 represents an oxygen atom or
a group -(CRrR2)" (V\,herel nn represents an i nteger
froml to 6), &ig(li 0L, EP(EYLRIORD: . 1. (2] 0016] 10 [6)
The pattern form ng method according to [1] or [3],
wherein the upper-layer film contains a hydrolyzate
or a condensate or both, of a conpound shown by the
whefent ROBR DY, dnd ﬂi“%uhrawﬂg or cﬁf’ﬂﬂ@m@ QR2YI dually(répresdd awhmogalant
R represents a hydrogen atom an al kyl group having 1
organis sroucer bhydregarmomol ancabindividuagly oegresere an apesss Enes0 & 2,
hydr ogen atom or a nonoval ent organi ¢ group, and, a
R’ repapreaBentoxyan saneyerareiprifdlio (pheremon rrprosps pry jnteges
pattern form ng nethod according to [1] or [3],
ﬁo‘%tﬁ@ ﬁncfﬁéeﬂffa“ﬁ@ls OQ%yler film contains an organic
nmpound, excluding at | east one of the hydrolyzate or
mmggndensate of the corrpound shown by the follow ng

1 1y ke Romire e Seb S e 855 el v SPGB
o 1y s T A o PR o
fornfiLIS,

7

RLSI(ORP)4, (1)

wherein R! represents a hydrogen atom, 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
represents an integer from O to 2,

[0017]

[7] The pattern forming method according to [1] or [3], wherein the upper-layer film
containg 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.

RY,Si(ORM4s (1)

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

6
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6 an aryl group, R2 represents a hydrogen atomor a
nonoval ent organic group, and a represents an integer
fromO to 2. [0018] [8] The pattern form ng nethod
according to [7], wherein the upper-layer filmb5
contains a polynmer having at | east one repeating unit
shown by the following fornulas (3), (4A), and (4B)
, Jaspa,. \ f b _ G Ar
o R ) L A Y SIAGR o
- 0 590, 000, [0019] C-A bi e, AR C-Re Rs
‘””%%ﬁ@gﬁlﬁéﬁéqgifgiggt3) (4A) (417) [0020] wherein Rk
[mH@Td R9 show a hydrogen atom an al kyl group having 1
t0 3 carbon atons, or an aryl group, 1(30 represents
[8] anTak kitterd FOWEND M6 aocdrding 16 §7 | MherirDils upperMiyey film
group, an allyl group, or an aryl group, and L is O,
contdins @poRmecthalin@ 2l leaftDhe Fyeathag drér sholarbyi the fotetahogl formulas
according to [7], wherein the upper-layer film
(3), GOt ainch@ Bl apd hynepolhayieng raducepheaighhgvensgetmaletdat welzht
fromthe repeating unit shown by the follow ng
meafedrby a gebperansdtion gubmstography Mmedindcdd00ee §81.0% er age
mol ecul ar wei ght neasured by a gel -perneation
[001&hr omat ogr aphy met hod of 500 to 500, 000, 20 [0022] 7
All | ORL3

H H H H H H
—-C——C ke G e G R -
S Ry, Ry
jmwh“ ~lfmmy, I —{R1)
2 e o
/ ’ ’
R® \GH 7 “on R®  ‘oH
®) (4A) (41)
[0020]

wherein R* and R” show a hydrogen atom, an alkyl group having 1 to 3 carbon atoms,
or an aryl group, RY represents an alkyl group having 1 to 3 carbon atoms, a vinyl
group, an allyl group, or an aryl group, and L5 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) [0023] wherein R' and R12 represent a hydrogen
atom an al kyl group having 1 to 3 carbon 5 atons, or
an aryl group, R13 represents a hydrogen atom an
al kyl group having 1 to 10 carbon atons, a vinyl
group, an ally) group, or an aryl group, and p is O,
1, or 2. [0024] [10] The pattern form ng nethod
according to [7], mherehn t he upper-Ilayer film
contains a pol ymer, Mavi repeating unit sel ected
fromthe repeatin t|sh wn by 10 the foll ow ng
formula (6) and pol y ne-reduced wei ght average
nol ecul ar wei ght asu ed by a gel - perneati on
chr omat ogr aphy nmet hod of 500 to 500, 000, [0025] R/s
(OR17) r (6) s [0026 erein R'" and R15 show a
hydr ogen atom an al p having Ito 3 carbon
atons, or an aryl gi&presents an al kyl
group having I to 1 tomg, a. vinyl 5 group,
an allyl group, or an group, R 7 represents a
hydrogen atom an al kyl gramg® having 1 to 10 carbon
atons, or an aryl group, qis O, 1, or 2, and r is 1,
2, or 3. [0027] [11] (Bhe pattern form ng nethod
according to [7], wherein the conposition of which
t he nol ecul ar wei ght has increased as a result of
pol ynmeri zati on of the upper-layer film 10 contains a
[00 peating unit selected fromthe repeating unit shown
the following formula (7) and has a

wheﬁ@é‘.}gﬁi %@eﬁ“@ 'rép?gsléﬁfag h}‘ﬁﬁb gé?]t at&%,eénazgﬁylrﬁ!m?ﬁ Halv%{ g iN?oi k. l@&rbon

atoms, or an aryl group, R represents a hydrogen atom, an alkyl group having 1 to 10

carbon atoms, a viny) group, an allyl group, or an aryl group, andp1s 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]

-

4

aE
4(—CR”R15 H/\}/ﬁ )
| - /

(OR™)

(6)
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by a gel - perneati on chromat ography nethod of 500 to
500, 000, [0028] Hz CIH onl18 15 (7) [0029] wherein R
represents a hydrogen atom an al kyl group having Ito
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 ecular wei ght has
increased as a result of polynerization of the nononer
contains a repeating unit selected fromthe repeating

[coaE)i t shown by the following 9 formula (7) and has a.
pol ystyrene-reduced wei ght average nol ecul ar wei ght

whetga Rt e kasshmgﬁimwemaim Qi f@lﬂﬂ Eﬁipquﬁfﬁ'%hytolﬁaﬂ% Abms,
500 to 500,000, H2 C CH ? 5 wherein R K

or anepyl @s@nt R‘%rebr;e@mgamlapbgmu;aha\ahg,(yIto g0 earboR @viniga Vingl
10 carbon atons, an any group. [00311 [13] A

grogm ap eByltgrowp, foprn ﬁqﬂ gicuy, BN rapesatd ajedrofiénl awmsacalkyl group
the pattern formng
having 1 to 10 carbon atoms, or an aryl group, qi1s 0, 1, or 2, 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,

A5t

DH‘IB

)

[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

coniaing a repeating unit sclected from the repeating unit shown by ihe following
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10 nethod according to any one of [1] to [12]. [0032]
[1.4] A conposition for formng a under-layer film
used in the pattern form ng nethod according to any
one of [1] to [12]. [0033] 15 The pattern form ng
nmet hod of the present invention can formmcro
patterns at a high precision and in a stable manner

[ :
fonMIﬁEr_)aﬂlxD%ghCERiﬁ g}%@%{é %%e%%ﬂ BBera i’n@}(e%ul 1P%e1rgﬁf-Muasmcd

by PodlpRfRSSioh|cAMBRASdr aﬂfy 08B0 & Bl ﬂSEﬂIO omfo t he pattern

formng nethod of the present invention, FIG2 is a
process flowchart of another enbodi nent of the pattern
formng 10 method of the present invention. E7,
PLANATI ON OF SYMBOLS QlOSS] 1 Silicon wafer 2
Under -1l ayer film2a U -layer.filmportion
containing acid genepé'(e ¥rradi ation 3
Upper-1layer filmfor patterfiiig 3a Upper-layer film
for patterning in which crogslinking reaction has
proceeded by 10 the actiono#&f® acid in under-|ayer
filmBEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0036]
The pattern form ng net ho )of the present invention
wi Il now be described wt

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

F1G 2 is a process flowchart of another embodiment of the pattern forming

10
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15 reference to FIGS. 1 and 2. FIGS, 1 and 2 are
flowharts showing the pattern formng nethod. Note
that the present invention is not limted to the

foll owi ng enbodi nents, and various nodifications and
i nprovenents of the design may be appropriately nmade
W t hout departing fromthe scope of the present

on b sed n knowl edge of a person having
”mtg‘?aé‘i?ﬂin?}!?m&‘? 11“’9“ “Phe art. 20 [0037] [Explanation of

FIG 1 (1) Step of forming and curing a under-|ayer
fllmon a substrate to be processed A resin

E}Gﬁl%m%ﬂéﬁ]%‘l §?|Mﬂd)E§ for formng a under-layer film

contal ning an or@anic polyner, such as
yglyhydroxystyrene or a siloxane sol obtained by
hydr ol ysis 25 condensati on of tetranethoxysilane
1 andigdoneisday! tri met hoxysil ane, and triphenyl sul foni um
triflate as a photoacid generator are spin-coated on a
2 silimgenidefsiml wth a dianeter of 8 inches. The
coating is prebaked on a hot plate at 200 to 300C for

2a 11 (Bllet-tnye2flns portind Sott@inhiy @lidigéheCtddEll wndetohayer
film2 with a thickness of 80 nm (.Fl 1(a)). The

3 undgmpet-tayer fifia fonpatigtbimgf or med on an organic
antireflection filmafter formng an oxide |ayer, a

3a condwet-layer filayfor pattéreingrig aviiich antslinkeihp eeteiionm his provecdadlby
the like on the silicon wafer 1. In this instance,

the aotien 6f aeidiiueder-iayer fikdtion film may be formed 5 by
spi n-coating a conposition for formng the organic
antireflection filmon the sil i con wafer | and

0 late at 200 to 300C for
BEAPE sHRCCERRYINS SRl REREToRn F 11 m shoul d
[003:31\/6 a thickness which mnimzes the rate of
flection fromthe substrate. The thickness differs

e G %gt',“‘*té ?‘?%@é%fﬂg?'“ﬁr i 4%1&@2‘9?%\9%5?“??40 i
o o B 1 S e
metHcdl Mghié fhaMBPSRENt invention is not limited 1o 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 an

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  silicon wafer 1

with a diameter of 8 inches.  The coating is prebaked on a hot plate at 200 to 300°C for

11
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to radiation through a mask pattern for an optinmum
irradiation tinme using an el ectron beans draw ng
apparatus manufactured by Hitachi, Ltd. (2a in FIG
1(b) indicates a film 15 containing the acid
generated by irradiation). [0039] (3) Step of
patterning the upper-layer film After applying an

30 1o PRELechAYAD Oﬁ)tﬂll% glllﬁl @ unBalb s rﬁhﬁl@ Wik %Ql&lklﬁ(s@?# ¥ M qFiG,

negative-tone In presence an aci

1(a)}NASe- dn@&efa%&* fi1m 1!r19¥ ‘5@ 'fcﬁ thed ot og%axﬁ’cr SntiréfbAbR FEA taﬂer

t oget her e resis I mis post on a hot plate

fornfhg #0OxiHO 1000 e cf)ﬂcﬂuc@i% 'lf@feﬂ- 2> SeaRPHSireAENRhINAaBILB Uke
a 2.38 nass% tetranet hyl"ammoni am hydr oxi de aqueous

on tigOditiddnogafat 1.256 thiglinsdshck 0thd 3za8RGAAETIecMGSHIRS maly B formed
water, and dried to form an upper -l ayer pattern 3a

by sﬁiﬁlc@&mg & eompasiticrefoy forhisd tha drgdniegpiryfldegoi fikn on the silicon
upper-layer film3 for patterning, the under-I|ayer

wafdrill amd iegtigethe xpaggcrt oha phave o)) tgd§0%G fun Ghitg h2@ Seconds.
volatility. In this instance, the above step of

The detirefleqsivnriim shouldrisre s $hickness b B RinnEed e aate ofireffection
FIG2] 12 (1) Step of formng and curing a under-IaY

frony the sulstrate. s Jips thiglness difiges gseondingdedhe wodeatiand is generally 200
conposition solution for formng a. under-layer film

to Shtai ni ng an organic pol yner, such as

‘ | yhydr oxystyrene or a. siloxane sol obtained by

1003ﬁ$drolysis condensation of tetranethoxysilane and/or

@ 1 PP e R B Pae R PR st b el it o
colt R EQ@@W?%AW@H%%%% g Pogge 50%6&5 pppsed

to ra3ibR 1B 0IPLER0S L Bl Pifufiths g a%‘l?ﬁl el BB an'el gfpoa

beant Hﬁmﬁﬁi? %pal‘eﬁ‘ﬂseﬁmﬁdfhé'fh)%( 'B?m@a% hi, ‘P'Ed“iﬁa e 1 @) gﬁ‘ﬁéa@es a film

Ion prevent |ng I'mafter Ofﬁ]ﬂg ah”oxi d
conthid@the Fcif QBNMIGEA Y@ uiaammn)t he organic 10

refl'ection-preventing film and the |like on the
[0039]1icon wafer 1. In this instance, the
(3)  Step of patterning the upper-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 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 io 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]

12



10

15

20

25

organic reflection preventing filmmay be forned by

spi

n-coating a conposition for formng the organic

reflection preventing filmon the silicon wafer | and
heating the coating on a hot plate at 200 to 300C for

60

to 120 seconds. The antireflection film should

have a thi ckness which mnimzes the rate of
(1 efcjtapéﬂf@ﬂnifnmmi wﬁngwbﬁdeﬁ -@ﬁ)%r i enhBub RSk RARSprocessed

tO

filmfor patternl ng on under-Tlayer fi

fers according to the product and is generally 200

@R@uﬂf@m o104 bblutidd forttemmiak afuﬁﬂ(ﬂ"-lﬁ?u qﬂ%f‘(’{onlta%ﬁﬁé an
m er

org@ARPhAIAEr, AchuRRRivhlyasslstitendbBa kiixapatdiebeing Wihelolysis
turns into a negative-tone in the presence of an acid

condensithm amelermdtiysgsildnel amd 2y nidieylfrinhathdxSsiparebakied 20 on
a hot plate at 100 to 200C for 60 to 120 seconds (FIG

tript@piphsplionigm0aid2fe b PhotBuap geferator adispin-cogtadreber silieynevafer
filmw th radiation to partly generate acid The

withed dinmeter whd érchps. orilMwtvioeting lerehalied oh aper platelat2Q0 Brith0°C for -
the upper-layer film3 have been formed is exposed to

30 te 4a9 stcopds tormbiriy A curedasiterpayerdilm X with ahigknaswonieen (FIG

irradiation tinme using an el ectron beam draw ng

2(a)hp p&&t%w@rs\l%mﬁla@ﬁula&a fiyn 2may diifornedapn an arganip refleggion
é’%ﬁj atesafllmc ntaini ng the acid enerated by
prevepid * a

ﬁ)forqn@e@é]oxmiﬁ AT a40B) “‘61“’66@{%& PREgDIEhe

reflegf B tg%ﬁ%%?ﬂ@iﬁ?}kwtﬁ?éﬁ‘é&gﬁa%ﬁgpe {0 B8 Tres

or; ga‘%

eI ‘gv%liﬁégf&?“% "% Sl g onosiBads

fm g%ﬂ% é%& %@ﬁﬁggﬁﬂ%ﬁ%’@ﬁﬁm@aﬁ? Yhl ﬂ@a&ﬁxtg the

co atgl'%

secon washed

Wmf 0 20 10 YBHRY for BYSS mcfgécsm 3ankh Fhﬁ%%ngagogkgmm

0044] As organic polyner resins use

shoulldn ﬁa\“én&j@ﬁckln@éé%hléﬂ bRl YRCRRARNEMHSA D m the substrate.  The

thickne

[0041]
2)

ss differs according to the product and is generally 200 to 500 nm,

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 fitm 3

have been formed 1s exposed to radiation through a mask pattern for an optimum

irradiation time using an electron beam drawing apparatus manufactured by Hitachi, Ltd.

(2a in F1G 2(c) indicates a film contaimng the acid generated by irradiation).

[0043]
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and the like may be given in addition to

pol yhydr oxyst yrenes, phenol -type novol aks, 10 and
napht ol -type novol aks. [0045;] As exanpl es of the
conposition used for the pattern form ng nethod, in
addition to organic polyners such as

pol yhydr oxystyrene, a hydrolyzate or a condensate of

4) at g PATaeNSLCORAMRdapRliemt ed from the group
@ consi'sting Jlo Econpg%?dsygfhom by the 15 foll ow ng

f oramr dobtInake; I the tﬁ@%llx@@mwﬁﬁl gionethictSp aaddril @ fi¥m add an
hydr ol yzate o | east one conpound selected from
uppéxh@rﬂffﬂﬂlm mmsmsddl a1 0t pldie acone Q00X foh ¢Mmo DYO tdaends, the
followng formula (1), a condensate of at |east one

residt nhodiged aking b ad 8f manid feeagethylanmoorsin thydgpxidefagtims
conpounds shown by the followng formula (1), a
solutigninol 5/ Cdbe3 ®fo HO feearsls, washed sothpouerd askbdrest to dofim am
the group consisting of the conpounds shown by the
uppcﬁxdhymwangnm(FKEW(g) g@)2(ck condensate of at |east one
compound sel ected fromthe group consisting of the
[0044dpounds shown by the following fornmila (2) can be
given. Ita"Si (0R2)4,, 25 wherein R' represent
hy d¥SoERMIGPeINIGE leauwm%?r sirungeanechilys ga ﬂcwpht?lylmes
represents a h en ato or a nonoval anlc
anda m@h'ae %}%éﬂé@@%wﬁ SRPSGEHY PSP okt Hoygiaks,
) q([ 3 bs'@((sm)d Sl((R5)3 R6. (2) wherein R3, R4,
and paplitally ‘?z%‘fcﬂ sane or different, individually
[Ooi?present a nonoval ent organic group or a hydrogen
£ tom b and c the sane or different, represent an

| ntAesge%imik Eﬂgmeoqo'h&f)%{oﬁhédefm B gﬂhém%rrﬂ%ﬁgﬁé?h&f m&ﬁtion

rein n represents a

to oégr)é(igl n_&lo ?ﬁuch%%ogrhﬁr e5i6RhS, Dhydboldzaté oné'r@]ndﬁﬁsatc of at

nova nt organi‘'c group represented

leasP¥nRbnifdiniRZelbdled f16m the kb okslstingdr el bidddsBEWA by the
unsubstituted al kyl group, aryl group, allyl group,

follling ifshrtula M0 og (DR bagilehheSpadificatinya helrgyyea of & ledsnone
the formula (1) is preferably a nonoval ent

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.
RYSIORM4, (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 mteger from 0 to 2.
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organi c group, and particularly preferably an al kyl
group or a phenyl group. [0047] As exanples of the
al kyl group, a nmethyl group, an ethyl group, a propyl
group, a butyl group, and the like can be given. The
al kyl group preferably has 1 to 5 carbon 15 atons.
These al kyl groups nmay be either |inear or branched,

in which a hyds ak oM™ N B8, el a with a
fluorine aton?%@ﬁﬁﬁ%*Fﬁgg%m?§84§fdgg eggﬁples of the
aryl group in the fornmula (1), a phenyl group, a
napht hyl group, a. nethyl phenyl group, an ethyl phenyl

whm%FxPRp'R"aR@, L@ FORheRY e S OffErend ind®/iBE-gRORREEM 2 Gicodpales
uorophenyl group, and the Iike can be given. [0049]

orgafit SOGTCH 4 By RSATRLGE, Whnd HeheGaniRQu diffesbinymplayert B integer
tormula (1), ri met hoxysilane, triethoxysil ane,

frond 0 b 0-T0TIPRY¥B] ArBReh bloni 610 BOOP 0GB - Alveherein n represents an
tri-n-butoxysilane, tri-sec-butoxysilane,
integ:ffeﬁ'ifroholto B umky sépreseets Ctarilphenoxysi | ane, 25
| uorotrimethoxysilane, fluorotriethoxysil ane,
[o046ll uor o-t ri - n- propoxysi | ane,
fluorotri-iso-propoxysilane, fluorotri-n-butoxysilane
f 1 doraatmples eét}mun@wglenbwggmc group represented by R and R* in the
fluorotri-tent-butoxysilane, fluo' otriphenoxysil ane, ..
formusa (10068]bstmtadaranpdiyiunedaliey] aredh aBH BERPs I §EOuP, Blycidy
tetra-n-propoxysilane, ;tetra-iso-propoxysi|.ane i
oot I PRy R, R dt P TBEEOBGLOR PEFARG A thonovaln
tetra-tent-butoxysilgne  tetra pbenoxysi, |a. Lie;
OrBECRS 0P, JAne, PRESICHA I 1 STE RSAPATR REOUD O Phenft ot
[Oot ethyltriethoxysilane, nmethyltri-n-propoxysilane,

thyltri-iso-propoxysilane, nethyltri-n-butoxysilane,
met hyl tri
e

repPl RS RIS AR g 20 AL U & oy e
B MR BB DU Sk angis) s ton
atoms. These alkyl groups may be either linear or branched, in which a hydrogen atom
may be replaced with a fluorine atom or the like,
[0048]

As cxamples of the aryl group in the formula (1), a phenyl group, a naphthyl
group, a methylphenyl 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, fluorotriethoxysilane, fluoro-tri-n-propoxysilane,
fluorotri-iso-propoxysilane, fluorotri-n-butoxysilane, fluorotri-sec-butoxysilane,

fluorotri-tert-butoxysilane, fluorotriphenoxysilane,
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ethyltri-n-butoxysilane, ethyltri-see-butoxysilane,
ethyltri-tert-butoxysilane, 10 ethyltriphenoxysil ane,
vi nyl tr hnet hoxysi | ane, vinyltriethoxysil ane,
vinyl tri-n-propoxysilane, vinyltri-iso-propoxysilane,
vinyltri-n-butoxysilane, vinyltri-sec-butoxysilane,
vinyltri-tert-butoxysilane, vinyltriphenoxysil ane,
[oomﬂpropyltrlnethoxyS|Iane n- propyl tri et hoxysi |l ane,
n-propyltri-ii-propoxysilane,
tetrdmdh@¥ldilel td:aechBx RO Séthaamropoxysilane, tetra-iso-propoxysilane,
n- propyltrl n- but oxysi | ane,
tetraddnduapykildne wee-sbubmsysilbag) ectralert-butoxysilane, tetraphenoxysilane;
n-propyltri-tent-butoxysilane,
[005t}pr opyl tri phenoxysi | ane, i-propyltrimethoxysil ane,
i -propyltriethoxysilane, i-propyltri-n-piopoxysilane,
methylprmq:ﬂxbxymlames oeprsdipieshesydiang, methyltri-n-propoxysilane,
-propyl tri-n-butoxysil ane,
mcthylmwwpyprppcpxyglé@wbm@&xyygrq bxﬁ@xysﬂdne methyltri-sec-butoxysilane,
[tri-tent-butoxysilane
methyl r- Eyzwtpxwé%xwm tam@enqatmlﬁlw ehY P HERST e,
n- buty Itrlnet

ethyllf,r@mog;yqz f1¢,i c§lgy %&Zg—h%gggwigﬁguéﬂ\{llttr{ I50- plgpox bli(c%lSI | ane,
cthyll;_uglﬂﬁ)éiotx%lldg% ‘l@ﬁ{%%gﬁr’c}%@xlam ethyltri-tert-butoxysilane,

ot QR YR L A A A BB BN ory o1 T ane,
vmysrt? E)Vcﬁﬁq&%gdang Jfﬁ%ﬁ‘??&)ﬂji !)]Iﬁ{kgsﬂane, vinyltri-n-butoxysilane,

ropo

V:ﬂﬁt‘?&%%#ﬁihﬂ% pl%%ﬁ?ﬂfé‘t Ibﬁ{&&ym ane, vmylmphenoxysﬂanc

sec-putyltri-sec-Dbutoxysi | ahe, ec

n- prBH%Ileuh thbi}%‘flﬁﬂcp%tﬁlﬂ?/ﬁﬁic%ﬂﬁcyq:ﬁa%@ xbﬁﬁdﬂyhﬁlxpﬁ%F@Mﬂhxh@ne,

uty trimet hoxysilane, t-butyltriethoxysilane

n—pxbpguﬁm)(slot}ﬁmpék}@ﬂQﬂoﬁ-)p‘ﬁcbljmm -bdf@xysilane, n-propyltri-sec-butoxysilane,
t-butyltri-iso-propoxysilane,

n-propfui-ydrt-bitoRyflah@nysiobdtriphenoxysilane, i-propyltrimethoxysilane,
t-butyltri-sec-butoxysilane, _ . .

i-propybuiteyioty sikaneritpropstloxy-pidamesilane bepropylini-phanopopysitange,
phenyl trimet hoxysilane, phenyltriethoxysil ane,

I- pr@m:yhﬁmoxmslbm@,pqx9ml1ramﬂbutoxys1lanc i-propyltri-tert- -butoxysilane,
phenyl tri-iso-propoxysil ane,

i-proymydmphenaxypilasas erRyiyity lawémxwﬁbtﬁy,l - Pw@é@ewt{w%% ane

phenyl tri-tort-butoxysj| ane, ? F é E ggenQ§ Si

n- buﬁylﬁwﬂ}mﬁ@f%w5m AP I RONY S aRE7 Bty L toxysitand,

nwbli}/yl Tsclr:]ﬁq Q}B?%sﬂ)lﬁ n%{l‘ﬂg{-;%gﬁlgﬂﬁym ane, n-butyliriphenoxysilane,

sccm§ tg,té ﬂ'; ég[aggyﬁl ﬁ)}l @B?%%ﬁil:agg25&0431413{1tri-nnpropoxysilane,

) I t, XY Bk and y-tri
seclio-BRBRIPRE, aiéyg@‘&ﬁﬁ B6hpBH8mE
sec-butyltri-sec-butoxysilane, sec-butyltri-tert-butoxysilane, sec-butyltriphenoxysilane,
t-butyltrimethoxysilane, t-butyltriethoxysilane, t-butyltri-n-propoxysilane,
t-butyltri-iso-propoxysilane, t-butyltri-n-butoxysilane, t-butyltri-sec-butoxysilane,
t-butyltri-tert-butoxysilane, t-butyltriphenoxysilane, phenylirimethoxysilane,

phenyltriethoxysilane, phenyltri-n-propoxysilane, phenyltri-iso-propoxysilane,
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di met hyl di xnet hoxysi | ane, di met hyl di et hoxysi | ane,

di rnet hyl di - n- pr opoxysi | ane,

di met hyl di -i so- propoxysi | ane,

di met hyl di - n- but oxysi | ane,

di met hyl di - sec- but oxysi | ane,

di met hyl di -tert-but oxysil ane, dinethyl di phenoxysi | ane,

pheg}'lﬁi th@kb:{y@mmxwﬁan&ﬂzn%ec buodh atahy, | fhegfIRPWYShktaRRilane,

et hyl di - n- propoxysi | ane,
m%&lﬁ‘i]ﬂh}éh&tyﬂlﬁﬁ' PImOREMYEHok iRne, vinyltriethoxysilane,
i et hyl di - n- but oxysi | ane, dlethyldl sec- butoxyS|Iane
y-arflinepiopl i medbky dldb@xyahinapepyludited gl siephenoxysi | ane,
di - n- propyl di net hoxysi | ane, di-n-propyl di et hoxysil ane,
v-gletid ooeypr oypytinchi stinexysibpexy-ghicatvay propyltriethoxysilane,
di - n- propyl di -i so- propoxysi | ane,
y-triffuo roppepplyimat hoxy bitane xangli -ain@yoropropyltriethoxysilane;
di - n- propyl di - sec- but oxysi |l ane, 15
IOOQﬂT n- propyl di -tort-but oxysil ane,

n- propyl di - phenoxysi | ane
chm@t,hy]dg@ct&;pr)éﬁ, ,qlgpﬁgy@gqﬂp%glane dimethyldi-n-propoxysilane,

dxmg:hﬂldgbs_og};lgg%}lfyg;lael{@[]gﬁx%zl@a r,l-{[)gwéysﬂane dimethyldi-sec-butoxysilane,
d1mat:hyﬂdi~gqrgl5€t%¥s§;aﬁ%%ﬁﬁ@b;@gﬁégﬁgsﬂaﬂe diethyldimethoxysilane,
dict@%la#cé}%ﬁgéi%ﬁ lag?thflgf{)?)g%}? )é(k}lal aﬁléthyldl -iso-propoxysilane,
dwt@la ﬁ %u{%)r g}ﬁugl @g??%ﬁ%dt&gﬁllm d et yédl deptt )l(zstlosx.lyﬂljlarr]lg
dmt%}la hEM:% Fg'llnendxm gﬁggﬁ&%&ﬁ s:lane di-n-propyldiethoxysilane,

-1 s0- OXYSi

di- nﬂh Dfi‘yla’luﬁ ¥)l tgioxﬁmﬁﬁé A¥iShrb 3&-130 propoxysilane,
|

-n-but yl di - sec- But oxXysi 1 ane,
di- nﬂdroﬁ\yl&uﬁuﬁbm yéiRAL -t s el gdtebutoxysilane,
i -n-butyl di phenoxy3|lane

di-ndirepddtetityuickyerinapdiyis-ptapghii-phenoxysilane,

di - sec- but yl di et hoxysi | ane,
di-isgi-propy dimethd=ysilanepdiopopysgividetboxystlane,

di - sec-butyl di -i so-propoxysil ane, 25
di- 1s@|-p1Qpﬂdbwwmymlabmtcbxgcgpnoan]él iso-propoxysilane,

seebut yl di - see- but oxysi | ane,
di- 158rm§%6hﬁ'§(fpm“¥$l@ﬂﬁ diigcoRipyidingee-butoxysilane,
but yl di enoxysi | ane

di- lsarplt)%}ﬁgl @g%/twt%yg&r}%g@@wpwldl -phenoxysilane,

di- n%tit}flgrt 1%?{5/%}#;&'&? N~ E%@ﬁiﬂ %ﬂséﬁ@ di-n-butyldi-n-propoxysilane,

di- ngml){lg kso-gm;%gy(mﬂahg’ gch l;}{iglﬁ?/grpél?oxysﬂane
dmlng)!ut)tlgl- %ec-k?)ﬁtcx{y% ang erﬁ-xlb gﬁtgm-%&-ﬁ{ﬁ%xyml ane,

tert- OXYSI
di- n%‘ugﬂgi nﬁyhem’}{r%ﬁl Oexsgﬁég?r%ﬁﬂhﬁ%ﬁ%wﬂ ane, di-5 egxby Lyl figthoxysilane,

di-sRLIRRGBLh Profth i RO XY Ské-BOGIdi-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,
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5 di phenyl di -i so- propoxysi | ane,
di phenyi di - n- but oxysi | ane,
di phenyl di - sec- but oxysi | ane,
di phenyl di -t ert - but oxysi | ane, di phenyl di phenoxysi | ane,
di vi nyl tri met hoxysi | ane,
di - y- am nopr opyl di net hoxysi | ane,
di- téipc b\YtyRmnn;ﬁBﬁ@@fﬁilﬂieeﬂmmllﬁitﬂdaﬂﬁo propoxymlanc
di - y- gl yci doxypr opyl di met hoxysi I ane,

di-teéH-birty GlinCh A P Wi ﬂit%tﬂﬂ&#%d-lﬂﬂ@xysﬂane
di -y-trifluoropropyl di net hoxysi |l ane,

di-teh-bytyldi-tért-boogpsilany |diHtat-bovglaiphameysiéad, t he |i ke can
10 be given. [0053] Anpong these, tetranethoxysil ane,

dipHeayidartthaxygdaleadiphetyédir ethaeypilamo ¥iphehyd dien-propoxysilane,
tetra-iso-propoxysilanc, t et raphenoxysi | ane,

diphemyidirlsbeiropbiyeaps) diphayyldimebibtykyslhng, Wphesyldae-butoxysilane,
met hyl tri-n-propoxysil ane,

diphenylditert-butprssilpreo dpbpriliimhenoxysilasehgivinyitiseHexysilanane,
ethyltriethoxysilane, vinyltrinmethoxysilane,

d’"'YWYHWRI Ppsétiwg@qyp%& di-y-apiepyanyiiseneilets | ane,

pyl tri ef hoxysi | ane, | trimethoxysi | .ane,
dluwlﬁﬁwp&w tBe ?‘Y%?ﬁlécr mﬁx {ovriasiiig %’Fﬂsélﬁf@

Itr| si l.ane, t but Si e,.
gDy R T oy BT, Hip BRI S BEHONY 6 B tike can
b gpenyltrlethoxy5|lane di met hyl di met hoxysi | ane,

©&l1i°ftet hyl di et hoxysi | ane, 20 di et hyl di met hoxysi | ane,

[0 f% et hyl di et hoxysi | ane, di phenyl di net hoxysi | ane, and
'phenyldiethoxysilane are preferable. [0054] These

rr%t;%@tdﬁon o%‘gﬁl&gl% g 1@%?@&&!&%%0&1’1 gaﬂe s mh‘p yS“moi‘

telr e@-x@@-pMYﬁ]aﬁ@tte@ilﬂﬁﬁéﬁ’sﬂixﬁu Hﬁtﬂy‘]}rﬁﬂ%ﬁlcfx?hmﬁlea (2), the

organi ¢ groups given as éxanples ' for the formul a

metl(}fl‘brleﬂﬁﬂﬁhﬁmg,l MRyl B ﬂr@ﬁ&@hlsﬁi@am{@&rﬁso—bhﬁmﬁmﬂ@nd
IS an oxygen atomin the fornula (2)

ethylirimethoxysilane, ethyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane,
1-propyltrimethoxysilane, i-propyltriethoxysilane, n-butylirimethoxysilane,
n-butyltriethoxysilane, i-butyltrimethoxysilane, i-butyltriethoxysilane,
tert-butyltrimethoxysilane, 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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i ncl ude hexanet hoxydi si | oxane, hexaet hoxydi si | oxane,
hexaphenoxydi si | oxane,

, 1,1, 3, 3- pent anet hoxy- 3- net hyl di si | oxane,

1, 1, 3, 3- pent aet hoxy- 3- net hyl di si | oxane, 5

, 1,1, 3, 3- pent anet hoxy- 3- phenyl di si | oxane,

, 1,1, 3, 3- pent aet hoxy- 3- phenyl di si | oxane,

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

-tetraethoxy-1, 3 -dinethyldisiloxane,

1, ﬁ)%mg)iés%tf'i xgb%ﬁd i @/hﬁh@ﬁ%? y%ieh QR the formula (2)

tetraet 3-di phenyld oxane,

mcl&ielhe%aﬁzteuﬁﬁ%mgmﬂe %eﬁaamdﬂsmtshwaq]lesméx@gfmexycm1mne

,1,3-triethoxy-1, 3, 3-trinethyl disiloxane,

1,1, L3 3 Sentdrh RS0 YrethyddiSilddan® NENY 3. férk XA, 3-methyldisiloxane,
1,1,3-triethoxy-1, 3, 3- trlphenyld|3|loxane

1,13 Sﬁphxmﬁmhn%/-ﬂepﬁel@lcﬂmtcﬁcmi@ﬂel hy)3dpaitdecioans phenyldisiloxane,
3-diethoxy-1,1, 3, 3-tetranethyl disil oxane,
1,1,1 3 3etcimazhdrox 3 MidheByRlidiletamphenyl di si | oxane, and
1,3-diethoxy 1,1, 3, 3-tetraphenyl di sil oxane. 15 [0057]
1,1, hboetpetinesd, 3 dexethgtvdyadiesi | oxane,
hexaet hoxydi si | oxane,
1=1,3L3 Ie’igﬂlmih@t}/rhﬂéﬁlmwyldlﬁﬂng’lﬂrret hyl di si | oxane,
3-tetraet hoxy-1, 3-di net hyl di si | oxane

%316@@%%3 QIP@?MQ‘;?U@‘Wdl bﬁéﬁweﬁh%wle%e%ﬁ@mt@@ldlsﬂoxano
1,1, ~trg:t]&q}gftg,§yt¥l@]éih§£ gl?qxt@f'fé E‘Iﬁgg - %8?@ 623£gxphenyldlslloxane
| 1#@*@9*&?&5%’/@%@@ & %é?%&?ﬁ@ﬁﬁ%d@f } bt an i iidisitoxane,
- Befifld PR PRt en the formia (2,

1,3- ﬂexg{lﬁgn S X,ééﬁt% rfﬁﬁﬁyldﬂ%gﬂehm disilane,

ane

1,3- &etil‘m}y} ?’323" ﬁﬁﬂﬁtﬁ:ﬂﬁfdm&fa& met hyi di si | ane,
22 pent aet hoxy- 2- met hyl di si | ane, 19
[0057]

Among these, hexamethoxydisiloxane, hexaethoxydisiloxane,
1,1,3,3-tetramethoxy-1,3-dimethyldisiloxane,
1,1,3,3-tetracthoxy-1,3-dimethyldisiloxane,
1,1,3,3-tetramethoxy-1,3-diphenyldisiloxane,
1,3-dimethoxy-1,1,3,3-tetramethyldisiloxane,
1,3-dicthoxy-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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1,1, 1, 2, 2- pent anmet hoxy- 2- phenyl di si | ane,
1,1,1, 2, 2- pent aet hoxy- 2- phenyl di si | ane,
1,1,2,2-tetranet hoxy-1, 2-di net hyl di sil ane,
1,1,2,2-tetraet hoxy-1, 2-di et hyl di si | ane,
1,1,2,2-tetranet hoxy-1, 2-di phenyl di si | ane,
1,1,2,2-tetraet hoxy-1, 2 di phenyl di si | ane,

- ; | gt

l,l,ill,z:,]é’,:- rﬁx?ﬂ?&@ﬁy?ﬁh& ;f@gglﬁn:'cng?#r?’% ?g?bgﬁgﬁz -2-phenyldisilane,

1,1,42 el?aﬁuéth@%ﬁhQl‘d{mlzth%lc@s:tahb plh!?Q Lidirgdth@iel, 2-dimethyldisilane,
1,1,2-tiiethoxy-1,2 2-triphenyl disilane,

1,1,422eim@h&HOxy 2 ’73d1]1he%gﬁh§11@hé anet kalighd Fe2-diphenyldisitane,

1, 2-di et hoXy-1, 1, 2, 2-t et r anet hyl di si | ane,

1,1 l%r%dﬂhﬁﬁﬁ-h%txhndih?ld&ﬂh@d nalpheivthaliysi  aneimedyttisitane,
, 2-di ethoxy-1,1,2,2-tetrapltenyl disilane can be

I,I,MMEE:ﬂ]o({ﬁ)-CDE% triph@nHd aitpdee 3, 1gi-tricleonyelyhddriphdngldidiianl R7
is -(CH2)"- in the formula (2) include

1,2- st Iesyalvb i feteyrsinkshly)cnmlahg nig?-diethoxy-1, 1,2, 2-tetramethyldisilane,
bi s( hexaet hoxysi | yl ) net hane,

1,2- (;I;l.nge(tlpf@c)yabh@%@gpheyﬂd@@h@m@d 1,2-diethoxy-1,1,2,2-tetraphenyldisilane
bi s(di met hoxynet hyl si | yl ) net hane,

can ¢ givahet hoxynet hyl si | yl ) net hane,
4§ s(di net hoxyphenyl si | yl ) met hane,

[00 's(diethoxyphenylsiIyI)nethane

?%c Xqis;:gq% ﬁpq? %’h{ggﬁa QEH: o~ 1n the formula (2) include
bis(hbﬁxgﬁi"ﬁwg%x}ﬁ?)aﬁ% s F@?ﬁ REbAgRGmetane,
bxs(lgcxﬁélﬂeg*aégg@h@ ﬁué&i%@h@tﬁg&ymethylsilyl)meﬂmne,
bls(@*etﬁ%gﬁﬁétﬂg @ﬁg%h%{é }aﬁt{l%@ﬂﬁx%phenylsilyl)methane,

bis(dfibt%()ghﬁltch SHVTRhAKAR l)béb}l&h@@?ﬁmcthylsxlyl)methanc

oxyphenyIS|IyI ) et hane,

bis(d@h igEtnEpy btﬁémhﬁd bis(hethbanRpheRPlsilyl ymethane,

net hoxy nnthyIS|IyI)ethane
bis(dnlus«(yeli;j}icﬁydyxdylhﬁéthaai@ bistHexanbhoeysilyl)ethane,
bi s(ntt hoxydi phenyl sil yl) et hane,
bis(HeixsétbohoXyletbhenbisdiekyiheathyargl)ethane,
1, 3- bi s( hexamet hoxysi | yl ) pr opane,
b15(@1@tl@xg@h@w§éyh@hw, by{c}@ﬁ@pamhylsﬂyI)o’chane
3- bi s( hexaphenoxysi | ropane,
bxs(dlrr@tfwglelwnvhdy%hm bns&w whylpﬂﬁb&@ﬂme

I S EE RNV S,
bis(l%gé\‘géﬂ |§d| e{s‘ﬂ%f)henﬁvfelﬂlg%pfg} p; E?yi%@@gth&ne
13-Gs @Rl R DRI TR s R0 Dorapane

1,3-bis(hexaphenoxysilyl)propane, 1,3-bis(dimethoxymethylsilyl)propane,
1,3-bis(diethoxymethylsilyl)propane, 1,3-bis(dimethoxyphenylsilyl)propane,
1,3-bis(diethoxyphenylsilyDpropane, 1,3-bis(methoxydimethylsilypropane,
1,3-bis(ethoxydimethylsilyl)propane, 1,3-bis(methoxydiphenylsilyl)propane, and

1,3-bis(ethoxydiphenylsilyDpropane.  Among these, hexamethoxydisilane,

20



10

15

20

25

1, 3- bi s(et hoxydi phenyl si |l yl') pi ropane. Anpbng these,
hexanet hoxydi si | ane, 20 hexaet hoxydi si | ane,
hexaphenoxydi si | ane,
1,1,2,2-tetrantetl toxy-1, 2-di net hyl di si |l ane,
1,1,2,2-tetraet hoxy-1, 2-di net hyl di si | ane,

1,1, 2, 2-tetranet hoxy-1, 2-di phenyl di si | ane,

hexxletﬂ@réﬁci%ﬁltaﬁé ﬁﬂﬁz&ﬁ@ﬁﬁ%ﬁl’lﬁ’é, Qbﬁ?@,ﬂtgﬂl ﬁhét%?y-—l 2-dimethyldisilane,
nmet hoxy 2-tetranethyl di silane,

1,1,2 22mﬁhah&ngxmlmﬁaenh Idsifagé, N ghehbane o- dx;%henyidlsuane,
2-d|nethoxy- , 2- tetraphenyld|3|lane

1,1,2, 2216&&@116}(3%1/ 2Jdllﬂlleﬁy12hfﬁl@h€£ aphemydtetsi 1, ane-tetramethyldisilane,
bls(hexanethoxy5|lyl)net ane,

1,2-diesi{dyexn e iowcyambyly )il hg ne;-dimethoxy-1,1,2,2-tetraphenyldisilane,
bi s(di met hoxynet hyl si | yl ) net. hane,
1,2 -Wiesi{cckivel, h@yreatphengidisylhherbidianemethoxysilyl)methane,
bi s(di met hoxyphenyl si | yl ) net hane,
bis(béxaethosyilyXypitleanyg] kib(dimgthestymeatlyisily)methane,
bi s( met hoxydi net hyl si | yl ) net hane,
blS(éicﬂ(Oévmﬂyéﬂﬁ’émwagh|byﬂ@wwlkfafryéhcnylsﬂyl)mcthane

bi s( met hox henyl si | yl ) net hane, and_ 10
bls(éieﬁloét’hléﬁ@yéilﬁﬁ’é‘ﬁwﬂ%Ib}ﬁl(ljﬂﬁthétf}ﬁfblﬁ@ﬂ&’ﬂsélwﬁ@ﬂ@%bl e.

e.conposi.tion for t d layer filmin
bis( q%@%ii@?@w sily et "taf‘%rﬁ’“’(Flﬁg‘O"}E‘il)‘HB%\!ngfﬂqhﬁl@ﬁf‘@F’rrul a

vis R SR RO RB PR {S7o6: the compound of the

moégrnula (2) may be used. Two or 15 nore conpounds
| ected fromthe conpound of the formula (1) or the

ﬁ%@%ﬂ hosﬁl&?fm %Eﬁ“d@l faig%ﬂﬁ{y infe glse%%ﬂ 1[1\%9995&1 tl)@

er to efAsure excel I ent esion t pper-’l ayer
o LB e OB I At 0
mmﬁ)@ﬁm@ﬁf B Yorn®@a PAE eWosipoyind B the f&l@lﬂﬁ.g@) n(c@)be@mcd Two or

hydrol yzate and a condensate, or either
mord dmpbizRtselcticd Giontthe 2ainpowmaf oft the for &mlm@@ Bﬂth‘é hewhobyd of

the following fornula (8), 25 Si (0R2)4 (8)
the formmla (2) may be used.
[0061]

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

[0062]

(a) A hydrolyzate and a condensate, or either the hydrolyzate or condensate, of the

compound shown by the following formula (8),
Si(OR), (8)

wherein R? shows a monovalent organic group, of which specific examples are the same
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wherein R2 shows a nonoval ent organi c group, of which
specific exanples are the sane 21 as in the fornul a
(1). [0063] (b) A hydrolyzate and a condensate, or
either the hydrolyzate or the condensate, of silane
conmpounds whi ch include the conpound shown by the
formula (8) and the 5 conpound shown by the foll ow ng

asinft%%ijnﬂnlé?l?,)z R"Si (OR2)4., (9) wherein R and R2 the

same or ferent, individually show a nonoval ent

Ooégrgani c group, 10 of which the specific exanples are
I]1e sane as those in the formula (1) and s is | or 2.

(&) [ 006K dr &l?zé‘c@ ané Q%@nd@fmﬂ@ &r @ﬁl%( ehd l@droIS/ﬂﬁb @m;hlé Rbn@dnsitBenf
conmpound”shown by the fornmula (9) (as conplete

bxlaﬁé%h@oﬁﬁdsswﬁﬂﬁ dRNRRUBY cofpdndlshorhiby th: Brigla30) prlrths
by weight, and nore preferably 0.5 to 25 parts by

compBighdhobarbyAe fiirmtisg byrmuwli @t of the conpounds 15
shown by the formulas (8) (as conplete hydrolysis
condensate). [0065] Wen hydrolyzing or partially
condensi ng the conpound shown by the formula (1) or
(2), water is used |nRaﬁl(@RD)Amt{9@referably 0.25 to 3
nol, and nore preferably 0.3 to 2.5 nol per one nol
of the group shown by R20-, R40-, or R50-. If the
amount of ,20 water used is fromO0.3 tQ

whereis Rygnd R Hisrsameor gifeyens, @ﬁmdudgb§’g@%mn‘|‘w\f§]ﬁnt organic group,

ase honD ene of the coated_fil tora
of TS PR T OO RS QT ST A° Fiore riGe frig i g Land's B P8

\ 6Wider-layer filmfor resist. [0066] Specifically,
(0088t er i s interrrittently or continuously added to an

?w'eccas o{l)){v tg l(%cibis nl&av‘ﬂgrg&Pn ggﬁxe%%mﬁ h%%"\ﬂ}btﬂg f«%xjﬂﬁxla
©) (glg Etho er?cﬁgs?gcb@?ig%%%) % G217 615467 ks waeﬁﬁu and
more preferably 0.5 10 25 parts by weight for 100 parts by weight of the compounds
shown by the formulas (8) (as complete hydrolysis condensate).

[0065]

When hydrolyzing or parti‘ally condensing the compound shown by the formula
(1) or (2), water is nsed 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°0-,  If the 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 under-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 or 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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during the addition of water. The reaction tenperature
is usually O to 100C, and 22 preferably 15 to 80C. The
conmposition for form ng the under-layer filmfor the
resist of the present invention nay be obtained by
addi ng an organic solvent to the reaction solution.
[0067] 5 When two or nore conpounds shown by the

pmfg%wL %&of%@h?-"{ g&.@?ﬂéﬁﬁ&ﬂxg@? Rl Lihe ‘dﬁ&&déﬁﬁgx}l/mbfgr the resist

nor e “tonpoun
oy r.Q. ed L 8din [ r o8 FaAB
of U HERnl EEEnRln HATHEROEep 2 Ringt olAnR{spjRac s Ftion
soluBBy. separately hydrolyzed or condensed and m xed
thereafter. The nmethod (b) is preferred. [0068] 10 A
[Oo@ﬁtalyst may be used when hydrolyzing or partially
condensi ng the conpound shown by the fornmula (1) or
(2)whénsi@br kel ehpoteiaund byahe furgali(¢) acihd foratula (2) are
i norganic acid, an organic base, and an inorganic base
used BNcdpshigitionn(ad sheawary nese obmpivends aatyddeysilrolf 2060 condefised
The foll owi ng conpounds can be given as exanpl es of
aftet méxine balb) dinetvat drmgore compoumrts:shown &pithefocneladd por (2) may be
conpounds such as triethox _
separatehalnadpred arcendanaedynd mixed thareafter.i - Fheppetbosk(b) is preferred.
nmono(acetyl acetonate)titanium tii-i-propoxy
[00¢fdno(acet yl acetonate)titani um 20
tri-n-butoxynono(aeetylacetonate)titanium, .
{r i GRAYBIDRYE WA O\ B &Y IOMFI o AEI TN QAN SIFne the compound

PRSI L AE TR LR .
inor%‘iiﬁig_ﬂ.&ﬁ?gf & fgxi)ig ‘)gs%,egn}/d aF ﬁl%?g%ﬁ:tc atsé éd%rl)le%l\%n as examples of the
catalyst.

[0065]

The following compounds can be given as examples of the metal chelating
compound: titanivm 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)iitanium,
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)iitanium,

di-sec-butoxy-bis(acelylacetonate)titanium,
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25 di-i-propoxybi s(acetyl acetonate)titani um

di - n- but oxy bi s(acetyl acetonate)titaniu m d

i -sec-but oxybi s(acetylacetonate)titanium 23 d
i -t-butoxybis(acetyl acetonate)titani um

anonoet hoxytri s(acetyla.cetonat.e)titanium no
no- n- propoxytri s(acetyl acetonate)titanium no

D03 ARl I etonate)titanium 5
di 1%}%{}&{1%{99& lbétiér@ga?@ﬁ{a}ﬂ ) |

ut o cetyl dcetonate)titani um

moﬁ%@l%@fﬁEg?%’é@%&’étéﬁaﬁ@ﬂﬁﬁhﬁﬁﬁ acetonate)titani um

nono- xytris(acetyl acdetonate)titani um

moA@hlAkh S AL RN AESL O Blhihani um (0070 10
tri et hoxynmono(et hyl acetoacetate)titani um

mokd-i-plpBk P ReXateDR Rk RYtAGeHmOacet at e) ti t ani um
tri-i-propoxynono(ethyl acetoacetate)titaniu n,

mofid-h-batdxyittxcaynaieidtinnpigacet ate) ti t ani um

tri-sec-butoxy nono(ethyl acetoacetate)titaniuin, 15
motia-sectbubortoicip (oeaiglaettopdtagedndanet at e) ti t ani um  di et hoxy

bi s(et hyl acet oacet at e%g itanium di-n-propoxybi
mos(-ebitpkatre watddcatospte)titamimm

di -i - propoxybi s(et hyl acetoacetate)titaniu n,
tetrgfis(pcdbylaeptybitgfi@niayt.acet oacet ate) ti tani um 20
~di-sec-butoxybis(ethyl acetoacetate)titanium
[OOi]- t - but oxybi s(et hyl acet oacetate)titauiuin, no

. hoet hoxytri s(ethyl acetoacetate)titaniu

methoxy-monlolgethylacgtoac tate)tﬁamum, ) m
tri-n-propoxy mono(ethylacetoacetate)titanium,
tri-i-propoxy-mono{ethylacetoacetate)titanium,
tri-n-butoxy-mono(ethylacetoacetate)titamum,
tri-sec~-butoxy-mono(ethylacetoacetate )titanium,
tri-t-butoxy-mono(ethylacetoacetate)titanum,
diethoxy-bis{ethylacetoacetate)titanium,
di-n-propoxy-bis(ethylacetoacetate)titanium,
di~i-propoxy-bis(ethylacetoacetate)titanium,
di-n-butoxy-bis(ethylacetoacetate)titanium,
di-sec-butoxy-bis(ethylacetoacetate)titanium,
di-t-butoxy-bis(ethylacetoacetate)titantum,
monoethoxy tris(ethylacetoacetate)titanium,
mono-n-propoxy-tris(ethylacetoacetate)titantium,
mono-i-propoxytris(ethylacetoacetate)titanium,
mono-n-butoxy-tris(ethylacetoacetate)titanium,

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

mono-t-butoxy-tris(ethylacetoacetate)titanium,
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nono- n- propoxytri s(ethyl acetoacetate)titani u m
nono-i - propoxytri s(ethyl acetoacetate)titaniu m 25
nono- n- but oxytri s(ethyl acet oacetate)titani um

nono- sec- but oxytri s(ethyl acet oacetate)titani um
nono-t - butoxytris(ethyl acet oacetate)titanium 24
tetral ci s(ethyl aeetoacetate)titanium nono(acetyl

tetraRRRLIANA B Elatfi@hiMacet oacetate) titanium
bi s(dcetyl acet onat e) bi s(et hyl acetoacetate)titani um

mon@@@etytaﬁétoﬁz(t@ﬁﬁtt(b'ﬂh%lacetoacetate)titanium,
acet onat e) nono( et hyl acetoacetate)titaniu m 5 [0071]
bis(attyeBionse it Rcaomeaie)dmniing nds
tri et hoxynono(acetyl acet onate) zi rconi um
tris(deeiylavepmapdiiynofehelaacetoctacEtaomngt e) zi r coni um
tri-i-prop oxy no no (acetyl aceto nate)zi rconi u m
{007t i - n- but oxy nono(acetyl acetonate)zirconium 10
tri-sec-butoxynono(acetyl acetonate)zirconium . |
zircaniim chélatespymowaissuel ¢4 irigthorpmmanel e vlisatone)Zirgpiinmoxy
~ bis(acetyl acetonate)zirconju m
tri-ngAr O PRXY BRI SIS MACKEWRIEDHECEPBYAL €) zi r coni um  d
.1 -1-propoxybi s(acetyl acetaqnate)zirconium 15
tri-i-grOPREB IR P@fﬂ&%tewp)&tré%ﬂ@t e) zi r coni um

. Qi -sec-butoxyhi s(acetyl acet onate)zirconiu m
iﬂ*ﬂga“quysa?%@ﬁﬁ%%&F@%@@P%t e) zi rconi um
R S
tri-t-BRIRy i O PRE YL EoR R L YliAREt onat &) zi rconi um
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)zircontum,
di-t-butoxy-bis(acetylacetonate)zirconium,
monoethoxy-tris(acetylacetonate)zirconium,
mono-n-propoxy-tris(acetylacetonate)zirconium,
mono-i-propoxy-tris(acetylacetonate)zirconium,
mono-n-butoxytris(acetylacetonate)zirconium,
mono-sec-butoxy-tris(acetylacetonate)zirconium,
mono-t-butoxy-tris(acetylacetonate)zirconium,
tetrakis(acetylacetonate)zirconum,

[0072]
triethoxy-mono(ethylacetoacetate)zirconium,

tri-n-propoxy-monofethylacetoacetate)zirconium,
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nono- n- but oxytri s(acetyl acetonate)zirconi um

nono- sec- but oxytri s(acetyl acet onat e) zi r coni um

nono-t - but oxytri s(acetyl acetonate)zirconiu m

tetral ci s(acetyl acetonate)zirconium 25 [0072]

tri et hoxynono( et hyl acet oacet ate) zi rconi um
tii-ii-propoxy nono(ethyl acetoacetate)zirconium 25

“"Hl?Pdﬁw@ﬁ@%@y{t}%ﬁ%?‘&%ﬁg@!’”&“ﬁ% oacet at e) zi r coni um

acet odcet at €) zi rconi unt,

1ri-r{—5ﬁtb?fg18$%’§?§f§1’ao@t’69 - at(:ﬁfrt?éﬁhéﬁ?t oacet at e) zi r coni um

rn- nono (ethyl acetoacetate)zirconium 5

tri-s@é—%ht!&;%-)‘xﬁjn%((%ﬂmmﬁlcé’t%%&eﬁ&ﬁtr@&ﬁmﬁj rconi um
di - n- propoxybi §( et hyl acet oacet at e) zi rconi um

tri-tutdxyRhORPXU Pl Sl Sk BeipdpAgt at e) zi rconi um
di - n-but oxybl s(ethyl aceto acetate)zirco n ium

dictBbxysig (ethiylQuvhisdetlitodiaaet oacet at e) zi rconi um 10
di -i - but oxybi s(et hyl acet oacet at e) zi r coni unt,

di-npapeiytoxythyiasétebdeydiert@dacm} at €) zi r coni um

__nmono- n-propoxytri s(ethyl acetoacetate)zirconiwn,
di-i4poopexi-bplahdretdmcrtdsiimoptmacet at e) zi r coni um

~ nmono-n-butoxytris(ethyl acetoacetate)zirconium 15
di-nrhmtercyshis(ethivtaostipaedta ¢ tonpmacet oacet at ) zi rconi m,

_ notto-t-butoxytris(ethyl acetoacetate)zirconium
di-seqabytgre Pis(cSnmirt s t§ HEEPRINE Zi r coni um

.. mono( cszt él acetonate)tri,
dvt@p&xm@v S BYlReFt AR AT GOR B um
monoethoxy-tris(ethylacetoacetate)zirconium,
maono-n-propoxy-tris(ethylacetoacetate)zirconium,
mono-i-propoxy-tris(ethylacetoacetate)zirconium,
mono-n-butoxy-tris(ethylacetoacetate)zirconium,
mono-sec-butoxy-tris(ethylacetoacetate)zirconium,
mono-t-butoxy-tris(ethylacetoacetate)zirconium,
tetrakis(ethylacetoacetate)zirconium,
mono(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 yaluminum.
[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, oxali¢ acid, maleic acid, methylmalonic acid, adipic acid, sebacic acid, gallic acid,
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bi s(acetyl acet onat e) bi s( et hyl acet oacet ate) zi r coni m,
and 20

tris(a.cetyl acet onat e) nono( et hyl acet oacet at e) zi r coni wn
; [0073] and al um num chel at e conpounds such as
tris(acetyl acetonate)al um num and
tris(ethylacetacetate)al um num [0074] 25 Exanpl es of

buthasii AETAGS 10 5t 16 o g Rt g1 gt 364 bl

aci e%t%poL ]qckd,.gcfﬁgoLg,%ci?h Pona& ic acid, decanoic .
L S wd Pt e hilPare ey MRt eReioart mamgobesoc

S SRR AL LSRR R P e

ANy Ol 1SS B0 S SR8 ) i i

c aci el ¢c ac

sulféﬁi:q@idpgl?cﬂzll[bo&@d} Finkric AGd bitriR-abRl HeRES YhifioMaGhefkd

benzenesul foni ¢ 'aci d, nonochi oroacetic acid,

[oomjchl oroacetic acid, trichloroacetic acid,
trifluoroacetic acid, formc acid, malonic acid, 5

s ul Ag0siampbesi of ,thd)ihbg;ahiic(acﬂl@,i Iehdrddbnas dotd, aRHE acif] dulfusic acid,
acid, tartaric acid, and the like. [0075] As exanples
hydafflubhie acidoaigiastioeplacicdsid daydegdhdnoric acid, nitric
acid, sulfuric acid, hydrofluoric acid, and
[00osphoric acid can be given. [0076] 10 As exanpl es
of the orggnic base, pyridine, pyrrole, piperazine,
py rsoixiatiiphes of U grenielbase, pyidied, pwerolet pipeaeing) mialidine,
. triethylam ne, nonoethanolam ne, dietha.nolani ne, _
pipegiding; pigpling tiraethalesivaritighylppiensongetiansldaine| dethaelamine,
. triethano[a :ne, di azabhi cycl o aoctane, diazabicyclo
dimgigrmencethiaas kpres aryomeHivdEpdanglapmgnicHipnolagisfoni um
._hydraxide, and the |ike can be. given. 15 [0077
dinzgfsyilp oSy, Wikabep gsinee: HaceslgicdneststmumnT
amxﬁ)ﬁ%rﬁ )ﬁ':,;g)%bcid%%nﬁfcﬁfe Y% can be given.
[0077]

As examples of the inorganic base, ammonia, sodium hydroxide, potassium
hydroxide, barium hydroxide, calcium hydroxide, and the ke 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 1s 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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hydr oxi de, barium hydroxi de, cal ci um hydroxi de, and

the like can be given. [0078] Anong these catalysts, a

net al chel ate conpound, an organic acid, and an 20

inorganic acid are preferable, and a titanium chel ate

conmpound and an organic acid are nore preferable.

These catal ysts may be used either individually or in
[Aﬂﬁqggaaghqon of two or nore. [0079] The anount of the
‘ alyst used is usually 0.001 to 10 pans by wei ght,

and Ja2ep ﬁ)ﬁé@)ﬁ@ﬂ lo¥n&ad cAitbel Bvepsd :ﬁ,l(bgm&ﬁit&msciﬂ o thé Qfbsent
parts by wei ght of the conpound (as conplete

inveiyidh ol ysi s condensate) obtained fromthe conmpound of
the formula (1). [0080] 27 [Acid generator] A |latency
[c0&dfot oaci d generator can be given as acid generator
used in the present invention, [0081] 5 The | atent
acilhederaraidogenaseat usad trhide prase@ntvantos ot a compoaing generating
conmpound generating an acid by being irradiated with
an agidtbryaheing istadiadgdswinh vhregindet ggysobitiuensagy 9f usualdy 10010QmI, and
and referably 10 to 50 mJ. [0082] Exanples of the
P“ﬁﬂﬁbhkihﬁWﬁQgéﬁerator i ncl ude onium salt photoacid
enerators 10 such as di phenyl i odoni um
i f1 uoronet hanesul fonat e, di phenyliodoni um

%&%&Eg%ﬁm@%ﬁgﬁg&laﬁg “5&;1 Ty Sl photoactd generators
suclbﬁlss(f}g}}etnyBg@%ﬁgﬁgﬁ@ﬁ%ﬁ%&gﬁﬁﬁp}fonatc, diphenyliodonium

I ; f . : .
pyrﬂﬁ@%@ﬂ? tep TR RRER ROBUE o hsrasaranfosis Sinbeatliodspisp,
non@&)ﬁo h L@ut yl} enst @9%&@%@28@:%&%&&& l)rrl%ﬁ%&%ulfonate,

I odon uor oant 1 nonat e
bis(4-t-butylphenyiodonium dodecylbenzenesulfonate, b15(4mt—butylphcnyi)lodonium

naphthalenesulfonate, bis(4-t-butylphenyl}iodonium hexafluoroantimonate,
bis(4-t-butylphenyl)iodonium nonafluoro-n-butancsulfonate, triphenylsulfonium
trifluorometane sulfonate, triphenylsulfonium hexafluoroantimonate,
triphenylsulfonium naphthalenesulfonate, triphenylsulfonium
nonaftuoro-n-butanesulfonate, diphenyl(4-methylphenyl)sulfonium
trifluoromethanesulfonate, diphenyl(4-methoxyphenyl)sulfonium
irifluoromethanesulfonate, (hydroxyphenyl)benzenemethylsulfonium toluenesulfonate,
cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluoromethanesuifonate,
dicyclohexyl(2-oxocyclohexylsulfomum triflucromethanesulfonate,
dimethyl(2-oxocyclohexyl}sulfonium trifluoromethanesuifonate, diphenyliodonium
hexafluoroantimonate, triphenylsulfonium camphorsulfonate,
(4-hydroxyphenyhbenzylmethylsulfonivm toluenesulfonate,
1-naphthyldimethylsulfonium trifluoromethanesulfonate, 1-naphtyldiethylsulfonium

trifluoromethanesulfonate, 4-cyano-1-naphtyldimethylsulfonium
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15 bi s(4-t-butyl phenyl )i odoni um

nonaf | uor o- n- but anesul fonate, triphenyl sul foni um
trifluorometane sul fonate, triphenyl sul foni um
hexaf | uoroanti nonate, triphenyl sul foni um

napht hal enesul fonate, triphenyl sul foni um
nonai i uor o- n- but anesul f onat e,

trifidbfhesydnc4r fombidy b-RRAERY Inh by fddR EMMsul fonium
trifluoronet hanesul fonate,

trifidbnenydneds L ROXMRARNYI- Aty @itd eeigi A 0fonium

trifluoronethanesul f onat e,
{riflpbyeckicobanphefonbicberzane b iyl g syl v um
t ol uenesul f onat e,
{rifloycinchieagiuifenie| ¢ 24iox0 mpphiyhiecyy sl fianitdfiuoromethanesulfonate,
trifluoronet hanesul f onat e,
4-metho-d Frapbildi¢thy exidenien atifrgtionstiah sl forite,
trifluoronet hanesul fonate,
4- hbnhﬁiéy-ﬂawﬂphtybk@@slwlsglf@wym)tgiﬂuﬂmmthnnesulfondte
rifl uoropet hanesul f gnat e, phenyl i odoni um
4- hw@w |1uwpbv&ﬁwtﬁ%wﬁltf%hmwiﬁnmﬁw%wl@thmwifonate

oH R Sttt oo
oS TG B SeoranRbe ViR g e S BTGl T oni um
4*1%%@5&1%19{@ gﬁpﬁéﬁa r%@?ﬁqj{llgallufnéwp W% omethanesulfonate,
4- etj}gwrtlé{% napﬂ?gﬁgg ailfhg@r%ﬂ‘ﬁ?phcrl m mﬂumomcthalmsulfonate
(Lo G REEH NaRBRUIEORS) cﬁmthi%gﬁ?ﬁ Mmhu&%%mwéu%hm

oniu romet'hanes onat

4 (ﬂnx@ﬂu@ﬂ?&thoﬂ?ﬂbﬁa)}ﬁ%ﬂ)lt%irﬁwd%thfoﬁﬂéxﬂlﬁﬁh tuﬂum omethanesuifonate,
trifl uoroméfhanesdul fonate

métmb{%'éa@bdnynﬁ:@hlt Mdtlcﬂﬂﬁfahﬁhﬁdibtﬂmﬂih@ﬁﬁhm triflucromethanesulfonate,
trifluoronet hanesul f onat e,

4- Ltﬁaxmhfbphyloxﬂaahﬂjhiydtb&ilhﬁdh(ﬂhiof)bdsnxmmu ifluoromethanesulfonate,
trifluoronethanesul f onat e,

4-n-prdppetyeadyeriyl maphnap Hdy et hydrethi dpdeiium trifluoromethanesulfonate,

_trifluoronethanesul fonate,

4-1-gropgehicosbpnyoxd priwhiby tter shwhyadhioplrndph tefiaremethanesuifonate,
trifluoronethanesul fonate 4- et hoxy- |

4- nmbH%mq&,yquty&)qyahymfgylpﬁi@by@mlmﬁhemum ir xﬂum omethanesulfonate,

4t‘tArlqu (Nmth | f onat

UtEEYFEIRPIY oK Y mlt@fﬂMwbl@vhwwﬂéﬁﬂmﬁomeﬂmnesulfmmw
<RIBS AT st st
RSN ROR ?155#5!{5&39 Foturahgabewr SpRsipERbenesulfonate
o ‘f?#ﬁi‘ﬁ%ﬁéﬂ?ﬁ%ﬁf@ﬁéﬁmﬂ; e
1-(rlaphth) 0% QB PGS drORR  Renium trifluoromethanesulfonate;
halogen-containing compound photoacid generators such as
phenylbis(trichloromethyl)-s-triazine, methoxyphenyl-bis(trichloromethyl)-s-triazine,
and naphthyl-bis(trichloromethy!)-s-triazine;

[0083]
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4- (2- met hoxyet hoxy) - | -naphtyltetrahydrothi opheni um
trifluoronet hanesul f onat e,

4- met hoxycar bonyl oxy- | - napht yl t et r ahydr ot hi opheni um
trifluoronethanesul fonate, 15

4- et hoxycar bonyl oxy-1-naphtyl t et rahydr ot hi opheni um
trifluoronethanesul f onat e,

dia@?@oﬁ%8@2%@@2&2@%@3&@?3@?% 5F opoxycar bony! oxy- I
1,2- nQﬁ?fI@cL 1¥cln'i:§%&1%9y4d gfamaﬁfakum

tri ronet anesu

1,2 ﬁalmni%ﬂqu;eamgaw Q%ﬁényrcﬁﬁaﬁ'a&yi b ShpRRYAR RPN Wionate

trifl uoronethanesul f onat

of 245“,4,4%&1%6&%&@@1@% Q%Y -llz-ﬁﬁﬂmdqhhm%hécﬁw% SthieRAeRF UM

trifluoronet anesulfonate

3,4:4(-ZetiabbmAPHeont Uudoy cax i) colnmﬁn@ bitbtoedit abyeditetsuephen
|un1tr|fluoronethanesulfonate

4-trigplehat @ bul fimg dmegityl iehenydydeayiond, -and pi(pH éhelso @by dimedthine pAel a
niumtrifluoronmethanesul fonate, 4-benzyl oxy- |
sulfomapbidyotrgbuahyhirtotdd paieemnot b as benzointosylate,
, trifluoronethanesul fonate,
tris(wifjuvaphethyessliormatafpliagatielahy dr ot hi opheni ut n
trifluoronethanesul fonate; hal ogen-contai ni ng

nitr QRS REG - 6}@&%&;{}%{&@@}@&@{1&1@1% ty d}uo&@nggd nesulfonyl

t hi thyl)-s-t
bwﬁﬂﬁéaﬁ ﬁ;ﬁﬂgﬁ @@t%ﬁ H%@iﬂlﬁrr‘e‘lrs ';»Igfi?;}lngswvalzqi%e and
t I th 0083] 29

trif G R PSS Ll n%tﬁﬂe@wﬁ@a@og@ (&7 Bhidesucn as

md.2-n 4- sul | chl o e
windorBndfRR @ﬁnatﬁo%bs\g {13653 B St <GR 8 it individualy
azi do-4-sul fonate of
oru%c%n@ﬁ% lpg?ggggﬁgg%henone and
[o0gk) 2- napht hoqui nonedi azi do- 5-sul fonate of 5
2,3,4,4" -tetrabenzopl tenone; sulfonic acid conpound
[Smpag]oa0|d generators such as 4-trisphenacyl sul f one,
nmesi tyl phenacyl sul f one, and

bi $ixpmeny o tHefodgario svdpaNGed FRdhaunddilidy@P ifm %Singosxtlon
conmpound phot oaci d generator such as benzoi ntosyl at e,

inclidel diphatid liydosartenirahests|shanad e peahny i-paabddhshexane, i-hexane,
ni trobenzyl -9, 10- di et | t oxyant hracene- 2- sul f onat e,

n-heptaing| ltlmpmﬂe,th&4ﬂesmﬂfywmn&,01 octane, i-octane, cyclohexmc and
bi cyclo[ 2,2, 1.] hept -5-ene- 2, 3- dlcarbod||n1de

methyl ﬁy@lﬂwgq@mtmtm hyedrocarbon solvents such as benzene, toluene xylene,

ethylbenzene, irimethylbenzene, methylethylbenzene, n-propylbenzene,
i-propylbenzene, diethylbenzene, i-butylbenzene, triethylbenzene, di-i-propylbenzene,
n-amylnaphthalene, and trimethylbenzene; monoalcohol solvents such as methanol,
ethanol, n-propancl, i-propanol, n-butanol, i-butanol, sec-butanol, t-butanol, n-pentanol,
i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol, 3-methoxybutanel, n-hexanol,
2-methylpentanol, sec-hexanol, Z-ethylbutanol, sec-heptanol, heptanol-3, n-octanol,
2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethylheptanol-4, n-decanol,

sec-undecyl alcohol, trimethylnonyl aleohol, sec-tetradecyl alcohol, sec-heptadecyl
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trifluoronethanesul fonate, 1, 8-naphthal enedi carboxylic
acid imde trifluoronethanesul fonate. These phot oaci d
generators can be used either individually or in
conbi nation of two or nore. [0084] 15 [ Sol vent]
Exanpl es of the organic solvents used for the
under -l ayer himconposition include aliphatic

alcoﬂéﬂdgxan iéhesaao elmsmﬁauz,uﬁkbmxmmem 308methyR§BIoRBROL,

exané tane, i-heptane,

benz ]glcf}h&r blﬁ&hﬁkﬂ?ﬂ&éﬂﬁlo ﬂiﬁﬁk%@ﬁlcohcloﬁ{da&@sol polyhydric
ycl ohexane; met hyl’ cyclohexane aromati c

alcohw%%ﬂfskk%h &pémgaeﬁ@ g@u@ihr@w@ﬂa ZB06), 1 B3AuiEBes %lwdn,ene,
0 et hyl benzene, trinethyl benzene, nethyl et hyl benzene,

pemﬁn@ﬁcﬂwh bepetientanediobpy hennetiel-2, 4] lephkdienzene,
but yl benzene, triethyl benzene, d|-|-propylbenzene

2- etnylamahaaphl Aatiethelenaptlycol, idipert pyl blzgrizan driethyteoa lgehb|
sol vents such as nethanol, ethanol, n-propanol,
tripriopylenpglinod], antk guteanolp ketone belvantpbychse ecdoneamuthyl ethyl ketone,
t-butanol, n-pentanol, i-pentanol, 2-nethyl butanol,
metigd e-repyldwtine, methehe-dntil ke@ﬂﬁéil%bﬂ;h@tﬁﬂ&n!@m W hi-bislalseione,
25 2-nmet hyl pent anol , sec- hexanal et hyl but anol
methyd e-preabi datsne, gyl malsyLl 3%10% B@thé(hmlwxyliw&cﬂﬁywﬁéwﬂéqewne
sec-octanol, n-nonyl alcpo r] 2, 6-di thyI hept.anol -
trimpthybRIRBN, cyse&eﬁfﬁa%ﬂctm EHhdIexaRqne PWB\%PHG acetony]

e é@tp@%@ﬁm ey
etheﬁé]tmwytl ggﬂﬁbin%tﬁye% eggrgu Ze&he&%ﬁgf%lr Etgl yPehng '?)X{de
1 Z-Ex%gglh?{ h@%&l cﬁéﬁﬁm 4319{%)?9 og‘congg,Ph@fﬁ]ngtJ}%eﬁ@?di%ké(&o

athyﬁ Wﬁgh%hgﬁgﬁyhgth%g&ﬁg% gﬁ%ﬂﬁgbﬁm}%}i ﬁhcr ethylene glycol

diet I%EH&Y | e@l@f@lﬂ:ﬁ#&;l hﬁ-}nam-gut?!: QYéreasylghy ?l?t@l bR @-ﬂmkﬁ Reher,

, triethylene glyco tripropyléne glycol, ‘and

ethy%x%cgl%‘&) moK@;Sl@ﬂ?l c&ﬂélV&ﬂyl%n@ g@balé‘rﬁorﬁﬁ%ﬂﬂﬁbm@ﬁ&m&d cthylene
hyl™ ket one, i n- propyl ketone, nethyl n-butyl

glydseliongl Lﬂhbt}ﬂhﬂiyl&ﬂglyml nioebhiethyl ethed, Yietyddrendycol mehbsthyl
n- pentyl ketone, ethyl n-butyl ketone, nethyl n-hexyl
ethcigeiuﬂhﬁpn&jglycalbiumhyl dider,ohiethylene glycol mono-n-butyl ether, diethylene
glycol di-n-butyl ether, diethylene glycol mono-n-hexyl ether, ethoxy triglycol,
tetracthylene glycol di-n-butyl ether, propylene glycol monomethyl ether, propylene
glycol monoethyl ether, propylene 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 monomethy! ether, tetrahydrofuran, and 2-methyltetrahydrofuran,
ester solvents such as diethyl carbonate, methy! acetate, ethyl acetate, y-butyrolactone,
y-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-ethylhexy! acetate, benzyl acetate,
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trimethyl nonanon, cycl ohexanone, nethyl cycl ohexanone,
2, 4- pent anedi one, acetonyl 10 acetone, diacetone

al cohol , acetophenone, and fenchone; ether solvents
such as ethyl ether, i-propyl ether, n-butyl ether,
n- hexyl ether, 2-ethyl hexyl ether, ethylene oxide,

1, 2-propyl ene oxi de, dioxol ane, 4-nethyl di oxol ane,

(wcﬁhﬁéﬂ%€ 1%'%@&@%%F@go ﬁ%ﬁggﬁtﬁ%ﬁ ﬁn&h%@@ﬁ;ﬂ&%&ﬁ&h@%k
ethygla}é&@ﬁceh %lg»YénegIcho %B}éﬂh ﬂ&h&'a\éﬁt‘a{e Eﬂﬂ?@n@ %HBN'

nono- hexy et her; t hyl ene

mmgiemgxp 'ethﬁpm%‘@ @Yéth}ﬂéﬁlﬁélycaﬁﬁﬁﬁﬂoﬁ{éﬁxy@ bﬁh@phccm@ Qhe@hﬁé:’ﬁyélycol
et her, ethylene “glycol dibutyl ether,

mmfﬂeﬁwﬂ Hh@ﬂﬁ:eﬁité’ Qiiﬁth}"l'@i(wgﬂ?&d’l Yﬁor@trh&ﬁt slhat d&)ﬂaﬁﬂﬂ Qrc@y%ﬁ@ klycol
nonoet hyl et her i et hyl ene glyco di et hyl et her,

moshingdt i legee agHtate oropylaee: giyéul tydnoethhestherdicedatey b&fp?lmc alycol
gl ycol di-n-butyl ether, diethylene glyco

mompnapyh ethexydetaet, ipespyleichbyop] mongbutglddthertaettnedipydpgeae glycol
gl ycol di-n-butyl ether, ropylen | ycol nononet hyl

moretmbashy] egreo pa,dtaﬁ,edip@@ylghqg bolroeroetityy Ethet dnstate, mlvspl ieerdate,
| ycol nonopropyl ether, propylene glycol nonobutyl

metg@mmh@pbmwct &Hyl grqpmatenﬁmw prapyonage, framyl propionate,
|pro yl ene ggécol nonoet h et her dlprou¥lene

dwtgylm oo B pRalaion ety grisp g om By by
actfig i ghwwkﬁ%tg gt Bokileie, PO PO Bt Biosercqsgiing

soNgRH L %hﬁﬁﬂgﬁ?bﬁ%?H@?%ﬁ@EWEeﬂymvﬁpéﬁsfﬁ@?@ﬁ@“ﬂmnﬂe
acefirfl ng@a@g?‘ts%‘d%ﬁ endfEhBhie, R A, and

N-nifil P&ﬁﬁ'on k3 far Iu'}l X %M &%%td%ahyl sulfide, diethyl
asaghissyaD SRR

ace ut y acetate

Sulﬁ%’eeﬁlmﬂhbﬁé(}(étl aﬂ?ﬁtoﬁﬂngphcﬁg rlﬁlYlEt ?Fﬁltli%kﬁl’e b%l&%célﬂhlez(%; opane

acetate, nethylcyclcdhexyl acetate, n-nonyl acetate,
sulipmt hyl acet oacetoate, ethyl acetoacetate, ethylene

gl ycol nononethyl ether acetate, ethylene glyco
[oosmynoet hyl ether acetate, diethylene glycol nonomethyl

ether acetate, diethylene glycol nonoethyl ether

ac éthatselventis ahdwyih by ehegblicwingrfonmula { )tayd prefdnsrly apstiatle;

propyl ene glycol 5 nmononethyl ether acetate, propyl ene
presghtyioedntiwonoet hyl et her acetate, propylene glyco

nmonopr opyl ether acetate, propylene glycol nonobutyl

et her acetate, dipropylene glyco

RPO®R>0).RY (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 ¢ is 1 or 2,

[0086]

As preferable examples of the solvent shown by the formula (10), propylene
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nononet hyl ether acetate, dipropylene glycol nonoethyl

et her acetate, glycol diacetate, nethoxy triglyco

acetate, ethyl propionate, n-butyl propionate, i-anyl

propi onate, diethyl oxalate, di-n-butyl oxal ate,

nmet hyl |actate, ethyl lactate, n-butyl l|actate, n-anyl

10 lactate, diethyl nalonate, dinmethyl phthalate, and
glydhi ﬁm}élncm;ﬁ BakAlesp gﬂz‘n@ %ﬂ&@ﬂmﬁ%ﬁt@l RiHRY pl§@llc\,4ﬁ:rg1§co$ uch

as N-met hyl f or mam di net hyl f or mam

mm{\évp%]gﬂ ety pkepyiaigtheol meeha él’l@ar ;Nnﬁﬁtaﬁwg@@ﬂtdamm?], ether,

met hyl acet am de, N- nethyl propi onanmi de, and

propy1emt diyddd Yiiatip}iecen q;ro;@manea%l/cfdu dire®nfl aihat, pgoSdine@ical dibutyl
|

such as dinethyl sulfide et hyl sulfide t hi ophene,

ethdr, eclxpx@lpylﬁih@glyconhemﬁnctﬁylrmhdﬂ,ydzpmpylhm( elyes! motdediyhniher,
and 1, 3-propane 15 sultone. [0085] The sol vents shown

d:pxbyylthEgl&odall roowapgofyd ethat, aiprdo)lerar gy @il efcachinlylctbeedipiopylene
the present invention, 20 R 9Q(R210) eR20 (10) wherein
glydRl BinsetblylR2G:r, diplioplydoe klygolrdigghilseshar, diptopsiicog glycal dipropy!
a m)noval ent organic group selected fromthe group
cthegofigiopyleng sbroltibuty kethergprouplenaghyagl monanethy gttigs poetate,
atoms and a group  shown by CH3CO Ré represents an
propylesa gyeol grqmﬁthmwhﬁngtate@pwpwﬂ%ahco MOBRIGRARY] etigragstate,

pro@?qz@elﬁycé W Eﬂ)/ @Wgrhf 4 }Gafﬁ% {dﬁ%ﬁy@?@aﬁg@%ﬁ%ﬂ@%&; gther acetate,
singeif: g*gfﬁ@%g"ﬁ@ﬁ ) F@l&ﬁ%dﬂtﬂﬁ%ﬁﬁﬁmﬂwe%&?@aﬂoq’ﬁﬁ%ﬁfyi"éh%f
acetgl% glr?)j'op (?r}lgw gog?@:tgl Rt p%%tg gt él%gé %lgz %T;cf Jeb}é tate,
diprgtl)%lg% glgh@lrcf?&)é*att? LAE G, F‘) g@[&ﬂ%h}%@?ﬂﬂ% l%é%e (i111 I b le g these,

I propylerie g

ol I I
e

glyc%‘l hﬁ)’implg):pgltr éﬁﬁ’é&" B y ?ﬂé %’l?}gd;l éﬁ?@ggy gthsi Igﬁfpgllcglﬁ %{)ﬁ@yﬁlﬁfhﬁlyl
cther propylene glycol dlethyl ether, propylene glycol monomethyl ether acetate,
propylene plycol monoethyl ether acetate, and propylene glycol monopropyl ether
acctate 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%. 1f the water content is less than 1 mass%,
a residue tends io 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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et her, dipropyl ene glycol dibutyl ether, propylene

gl ycol nononet hyl ether acetate, propylene glyco
nonoet hyl et her acetate, propyl ene glycol nonopropyl
ether acetate, propylene glycol nonobutyl ether
acetate, dipropylene glycol nononethyl ether acetate,
10 di propyl ene glycol nonoethyl ether acetate,

and ghﬂfcgﬁﬂ:yﬁﬁ‘eﬁlbg'fﬁﬂi e ﬂpéx'hol@ﬁhjb(ﬂl Reder t@FRLAE &ching fallm e.

| propy monobut yl” "et her acetate, propyl ene

Sind¥ s\bem'm Qﬁcﬁﬁ@ﬂ 1%? mix Gt RHRNKE 2R kRl it §ipAgehble@o rée the
propyl ene gl ycol can be given. Anong these, propyl ene

raw@hMER] byRnmatiby kneihdeike. propyl ene gl ycol nonoet hyl
et her, propylene glycol nonopropyl ether, propylene

|po&ﬂycol nonobut yl et her, propylene glycol d|n|ethyl 15
et her, propyl ene egcoI di et hyl ether, propyl ene
gl yKie! comenooftbytid echentoa tetha cempoptiapidremeurgleytaykr film is
nonoet hyl ether acetate, and propyl ene glycol '
prefiebbpt op3d petsierweighte tiat wmowr preferabiel abl @ patebit weight for 100
excel l ent storage stability. These sol vents may be
parlg & aveigit of ghe lydtilyaed eamppnents (as cempisthatdrolysisicopdamsie)
nmore, [0087] 20 The water content of the oq805|t|on
obtaignd frors th tkmfdréwqua%?hwn b the fpefetideng Gremd (Pnalf the
mass% but, not nore t ss% .If the r )
Coﬂt?eih?%f}‘l? agid gepRiatof F?alﬁ“ltfi ﬁ’aig%ngy éi"efgéléllﬁ’t}@“f%@réﬁl"@% g ocal
ener at on the s ce of the_u .filn1fo
due ot i el @""3&88?‘ a}%&ﬂ@f Fiiendi @‘\)@F%d’é‘éu‘qe lack
of pesgiry prloReRERab P RRe PR B PR P BB pine o

resugl.gegﬁp o&l'ohbﬁ{l*ﬁl 2§ n{ﬁgﬁft‘t Y eza?’ an Qvﬂﬂﬁpdt{chmf 3 15 L{nge%gla,r% Ft'i]e to

uw1an I ron S pr

an 1H&%&9ﬁt§iei¢ﬂ§€n&%g r®RRon, %%d AiRar t g Ic,emext @Ttﬁé %@Ebﬁ’eraied

not nore |n order to reduce
is mlo®d 1Hdh 80 paf-ég Bﬁﬁ/eﬁg%“ﬂdﬂéﬁn% fali@@s FRY odkuf due taf» ruo Bitdcbﬁ?vc:

raw material, it 1s preferable to refine the raw
amdimt 6f dod g@‘)éra’ibcﬁt | $ucB ke nmRdailines Inckee ek@O89¢ curing of the
upper-layer film for patterning, upper-layer film components left in the area in which
patterning is unnecessary, dissolution of patterns in the area in which patterning 1s
necessary due to an excessive deprotecting reaction, and the like.
[0090]

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

[B-diketone]

As p-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-3,3-heptane
dione, 1,1,1,5,5,5-hexafluoro-2,4-heptane dione, and the like may be used.

[0092]
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5 The content of the acid generator in the conposition
for the under-layer filmis preferably I. 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
! NerpeGARhAR b Rkt A ARD ER A ALy ek b @8bHAM |s PRI %0
by wei ght, paftterning allur es naf,occur 18 due to an
of NSUELicC o i arad. 1 patterning
B D o B A o et o
[00@ sufficient curing of the upper-layer filmfor
patterning, a residue on the upper-layer filmleft in
t hesddifén bp-Akcedhe RRLH SFRbOEnshfesWBRRIORS Bf HoRYe stbilityBahd
i nsufficient deprotecting reaction, and the like. If
elilfin@es porsility of détedoatiotloftn endirddyerifdmnmngotinian siBth as a
parts by weight, patterning failures may occur due to
decsasexcapsiivtg (fSommpgauniddrnadinl generated. Such
patterning failures include excessive curing of the
[O0%per -1 ayer film for patterning, upper-layer film
conponents left in the area in which patterning is
[Othmrglecessary, dissolution of patterns in the area in
which patterning i s necessary due tq an excessive
depPbereaninpenis el wrrollakal sk, |09@édal(@o%)t orgeniq-pelymers,
and PO S E POTED topbpoIes e keBBffon Aaned e
(3-di ket one, one or nore conpounds such as
PresgBbiy P one, 2, 4- hexane di one, 2, 4-hept ane di one,

rOO%,):fs-heptane di one, 2, 4-octane dione, 3,5-octane dione,
Y2, -nonane 25 dione, 3,5-nonane dione,

>, SR 3P AR S0 B g s iy gobvaride, for xanpie

Lo BrcBe SadiRIAS LHAGOS 9@ nfl] AREproRRebLY hE1d 2R
lwvégéﬂégéﬁ%ggéﬂﬁggg%?ggﬁmﬁﬁgmgﬁggﬁt gff?ﬁ?%fket&%e bsed o
and a5oli@oMBERIT LaYRRtrAtidyBIA0TH A8 inids@A ih ShelabbOe-aRntivict

and preferably 3 to 30 wt% of the total anmount of the
hyds&itMedrganic 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 Industrics, Ltd., Alumina Clear Sol, Alumina Sol 10,
Atumina 8ol 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
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[0093] 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
conponents such as colloidal silica, colloida

u@l e QAR ROl BR RN sticARE SHATIaGH anbSlyRRY abe
Stmaggzméet&gpt h!e undlé’r- Ul)gyer ;nl mcconposn}fl or% 0 ta| neélL in

(mcﬁhple?cr IQ{e%ﬁff:buhd“éﬁ@Ed]ﬁ’ﬂm liRAYempeohd, Qi déadlriséd belgimigea
d sperS|on of high purity silicic anhydrlde for

poly@¥AdRdiE, pol kR palaaNG, ageqpiabkilitleepsyanmieolepf
y@‘suall i ﬁtithBO rl1m and preferably 10 to 20 nm 15

ﬂuoﬁﬂé’«c@ntsmiﬂgcbcﬁﬂﬂﬁpmﬂhﬂhe tikmcanbe giveraon of 10 to 40 nmass%
in the above-nenti oned hydrophilic organic solvent,

[00959096] As exanpl es of such colloidal silica, nethanol
silica sol and isopropanol silica sol manufactured by
Ni sssemurf@btents caboriordesurficant, antaioni B etanamehienit pedctant,
by Catalysts 20 & Chem cals |Industries Co., Ltd., and

an atriphoterik sudaianieandi the hke ¢odwmives doRridiion? Slicanqeytaining
Al um na Sol 520, Alum na Sol 100, and.Al um pa Sol 200

surfpRipns mlmal&mlewow@ SHFRCEIb R ArIneIRuSH Fpeeirfactagt, an acrylic

r Sol, Alum na Sol 10, Al um na Sol 132

SU“H%WHf%%ﬂﬂﬁgg vakﬁﬁﬁwén Fi ne Chemicals Co.,Ltd., and
@ﬂe like can 25 be given. [0098] As exanples of t he

{01 gani ¢ polynmer, a conpound having a pol yal kyl ene

ox'z@sespe(%%c examples of the surfactant, polyoxyethylene alkyl ethers such as

polyoxyethylene laury] ether, polyoxycthylene stearyl ether, and polyoxyethylene oleyl
ether; polyoxyethylene alkyl phenyl ethers such as polyoxyethylene n-octylphenyl ether
and polyoxyethylene n-nonylphenyl ether; polyethylene glycol diesters such as
polyethylene glycol dilaurate and polyethylene glycol distearate; sorbitan fatty acid
esters; fatty acid-modified polyesters; tertiary amine-modified polyurcthanes; and
polyethylene imines; commercially available products such as KP (manufactured by
Shin-Etsu Chemical Co., 1.td.), 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 KX), 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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structure, a conpound having a sugar chain structure,
a vinyl amde polyner, a (neth)acrylate conpound, an
aromatic vinyl conpound, a dendrinmer, polyimde,

pol yam ¢ acid, polyarylene, polyam de,

pol yqui noxal i ne, pol yoxadi azol e, fl uori ne-contai ning
pol yner, and the |ike can be given. 5 [0099] As

Jf the %Ifl@%lﬂ]%lﬁm SrRORTABLGs BURé Ami;aBY 1 t@D0 afakedk] the coated film
surfactant, a. cationic surfactant, an anphot eric

has §H{1Eﬁ%§§1ﬁta’n PPebptiae rhhdean@ans bﬁceﬂbmesltbragmstdﬂmyt ion, a
[icon-containing surfactant, a polyallcyl ene oxide

mlmyrfactant a fluorine- contalnlng surfactant, an
acrylic surfactant, and the like may be given. 10
[ 0JIO@]lolAchﬂpc&garfdsﬂomnamphmsneafts {hydrodys - etdangajes of the
pol yoxyet hyl ene al kyl ethers such as pol yoxyethyl ene
compaundsl of ehefermuladl yandyethiiga 62 )éuleﬁawpmph@@n obtatned m this
pol yoxyet hyl ene ol eyl ether; polyoxyethyl ene al ky
manpbieims| anethregs Il@iﬂﬁhldawﬂﬂty&)@}'lﬁtoﬁ?g‘é%lm yﬁ%h@ﬁ?ﬁbf}f 800
et her and pol yoxyet hyl ene n-nonyl phenyl et her;
to 1p4PYst hyl ene gl ycol diesters such as 15 polyethylene
| ycol dilaurate and pol yethyl ene gl ycol distearate;
Wléﬂrbitan fatty acid esters; fatty acid-nodified

pol ters; .tertiary am.ne-nodifi ed oI ur t ’
pov%%tfwﬁw@%éawnfw@ bmBGRHER (TGP ‘im&?@%ﬁé?@mg
as Kp manuf tur ed
ety Aot g PG RETPACE ﬁ?‘é‘*ﬁ%ﬁ“ﬁ%ﬁ%éﬁ'sﬁ%& 8 oflfe
Ltd hkem Pr oduct s
com@gpxb%?}g)twn%thgfggigﬁg?%g{ ?ng u 1%? i e‘g by Dai ni ppon
Ink and Chem cals, Inc.), Fluorad (manufactured by
Sum tonmo 3M Ltd. ), Asahi Guard and Surflon
(manuf actured by AsahRI@@;@)CO() Ltd.), D sperbyk
(manuf actured by BYK Japan 1<1K),” SORSPEI t SE
(manuf actured by Zenelca Co.), and the |ike can be

gi ven. These surfactants may be used either )
wherélfl iR/ irgptaddnis adralkyd gragrivivivgt 1 @ni Codarioaatans opaearyPgroup, R

[0101] The concentration of solid conponents in the
reprasahey & hyayregenfatbmoc ampoeivalestorgayc 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, glycidy!
group, and the like can be given. A monovalent organic group, particularly an alkyl
group or 2 phenyl group is preferable as R in the formula (1).

{0105]

Examples of the alkyl group include a methyl group, an ethyl group, a propyl
group, and a butyl group.  The alky! 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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be adj usted according to the purpose of use,
preferably in the range from1 to 20 mass% 36 If the
solid conponent concentration is in the range of 1. to
20 mass% the coated film has a thickness in an
appropriate range and has excellent storage stability.
[0102] The total pol yorganosil oxane conponents
ml@ﬂydrolysis-condensates of the 5 conpounds of the
formula (1) and/or formula (2)) in the conposition
obt g j S ; r . l
el ghe Bt i Sheors [RQUSIn DRToRTARDL ERPLRER) Shappy
growi® a QL PERenyl BARB] arfah§1BBedP pRYup! AVEbrophéni GRIpPOSI ti on
for patterning used in the pattern formng 10 nethod
bromeplidnongdupoiearoplienyBastp aneibahtismgroly dedhy 2 dlgeRl @vstalline
condensates of the conpound shown by the follow ng
unitfsached adérijatieahabieg gibiphwenylRroag, ¢ GhZ)bna frd)p Bbivdher ei n
R represents an al kyl group having 1 to 10 carbon
selfantrganszioy uain swrhyals agledupiveR2ntaieng psletitaphand)\add dlyelikeataoive
. or a nonoval ent organic group, and a is an integer
giveirom 0 to 2. [0104] As exanples of the nonoval ent
organi c group represented by R and R2 of the 20
[01¢%Wrnul a (1), a substituted or unsubstituted al kyl
group, aryl group, allyl_group, glycidyl group,, .and
t he™y ‘?’*’I@QPX%W%H? VAPGEHY CIAfIi FRIVRPSEHN 15F Jatrraing Magsin the

articul arl 1. al kyl r.ou r,a.phenyl group is
patciparagreeial gbFIe hovwape &0(oyne foFobT Bl Brsiee
Oléﬁ the al kyl group include a nethyl group, an ethyl
! Joup, a propyl 25 group, and a butyl group. The al kyl

group preferably has 1 to 5 carbon atonms, may be
either linear or branched, and one or nore hyrogen

at onsyof tghe al kl group y b H
eyl s . T
X Oom O
~{R10L —R") . R} .
..-'\'i#_ E® f\'ﬁﬂ_ i .-*\";IF__J Ro
- # , Iy
r? \DH ! R? \DH e \OH
3
{4A) (413}
{0109]

wherein R® and R represent a hydrogen atom, an alkyl 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,
[0110]

The polymer including the repeating unit (3), the repeating unit (4A), and/or the
repeating unit (4B) produces a carbocation (<CR;") when the -CR,OH 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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substituted by a fluorine atom 37 [0'106] As exanpl es
of the aryl group in the fornmula (1), a phenyl group,
a naphthyl group, a nethyl phenyl group, an
et hyl phenyl group, a chlorophenyl group, a
br onophenyl group, a fluorophenyl group, a substation
group having a liquid crystalline 5 unit such as a
[o1¢grivative having a bi phenyl group, a functional group
having a self organizing unit such as a derivative
contpath®kdp@athd Miitml’rg),nh@f@catﬁigdlzﬁﬂ'ﬁﬁAl),i dnd/ g alie fepeati@ly vaN (4B),
[0107] As exanples of the upper-layer film conposition
as thenlkpbdroep hivige Used catbob heomsb@piradittat ny ROMT ngl M8t hodthyl
pol ymers shown by the follow ng fornulas can be given,
gropf)' ahQy! irdvptan i pk@pyHg rduip, idoguli-jiropd)aréupéan)belgiver. C no
else d na M/ CHRe OH Re OH (3) (4A) (413) 15
[OIID109] wherein R8 and R9 represent a hydrogen atom an
al kyl group having 1 to 3 carbon atons, or an aryl
gr og;@,hemgrw, atrlgl 4w, grsnhthrbgrions 4 bipkengl grgppowd the like

atons, a vinyl group, an allyl grqup, or an aryl
candreiiyen agtbe #Y] Qe sensesepied by I%“rang R 0110]
[0113]

Polymers having a structure of the formulas in which R* and R? are hydrogen
atoms, and m and L are 0 are particularly preferable used in the present invention.
[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 (413-1).

[0115]

HC——CH H,G—CH H,c——CH

ipey, Sl o
>3 e 5 e bl
' ' #
RY \OH R \QH R? OH
(3-1) (4A-1) (4B-1)

[0116)

wherein R®, R, RY, and L are respectively the same as those defined in the formulas (3),
(4A), and (4B).
[0117]
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20 The polymer including the repeating unit (3), the
repeating unit (4A), and/or the repeating unit (413)
produces a carbocation (-CR2') when the -CR2OH group
on the side chain reacts with an acid (Fr) remaining
in the resist pattern 2, and the cation reacts wth
the -CR2AO | group to crosslink. 38 [0111] In the

r epegyd xjeggath'l iutnit((ﬁ, 'tlzet4 ﬁi%e{tﬁlg %ﬂhi(fﬂﬂ), %P{:ljﬂ gh%’e‘)a%esx@ Egéﬁlg &4}31) are

the repeating uni as the’a gro

contdned iR MDA %Fﬁsdaﬁﬁ 118$67h ecbiy a@pre@abl?@g 1680 mo®s é)f the
nmet hyl group, an ethyl group, an n-propyl group, an

tota@ BmbaiRrTRNe ?cg?mb,hp R Rfudi YBRe répehiplialit @%ﬁh@ Ppleating unit
group, a tolyl group, a naphthyl ‘group, a biphenyl
(4AQS Andfor tRebpbitglunke4B¥ Bithb eb@lev@igcifclefs Alid/dtcldR@HRistance.
represented by R8 and 1t9. [011. 3] Polyners having a
If theet anviintl beth@freidagng onio()ase irepaating tiniRB! AN andASr thé eepeating unit
hydrogen 10 atons, and in and L are O are
(4Bparleisobhadd yopph ethe cabsklenkusepkerfornt:he: prebentpdind piftmoeathan
[0114] The repeating unit (3), the repeating unit
70 iaalf, solubility hiea selyesittiaygbadtcteagetB) nay be obt ai ned by
ol ymeri zing the nononers shown by the follow ng
[O1fdrnula (3-1), fornula (4A-1), and formula (413-1).
15 {“0115] Fé:ft]m-\/\fc_d-l, H2C=CH Cl I C2L ~ Ca iit2Ra Re
Ro/ Thepgpperlay gioftlgpcoppsition for patterning used in the pattern-forming
method may contain repeating unils other than the repeating unit (3), the repeating unit
{(4A), and/or the repeating unit (48).  As examples of such other repeating units,
hydroxystyrene, 2-hydroxyethyl methacrylate, glycidyl methacrylate,
N-methylacrylamide, p-hydroxymethacrylanilide, and the like can be given.
[0119]

The other repeating units may be present either individually or in combination of
two or more. The content of the other repeating units in the polymer is preferably 30
to 90 mol%, and more preferably 50 to 70 mol%,

[0120]

The 1:>01ystyrene—redu¢ed weight average molecular weight (hereinafter 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
vsually 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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(3.1) (4A-1) (413-1) [0'116] 20 wherein R8, 1t9, RO,
and L are respectively the sane as those defined in
the formulas (3), (4A), and (4B). [0117] 39 The
repeating unit (3), the repeating unit (4A), and/or
the repeating unit (413) are contained in the anount
of usually 10 to 70 nol % and preferably 30 to 50 nol %

cfiral ; hdifd td 48h BOINEBbve ERE APRMAL fmidhe
Mm':{r%‘E‘}:Ifrji{eegteniﬂ?ﬁg&f‘fﬁl‘iL %@:@;JB qlﬁée repeating u}’ﬁ rt*i ?4%?, and/a’gr&h

desifdiEmbeBaaAt tddhdiRioh ik ﬁﬁ)lpﬁra?m@ s@loenen HNgesehicsngial
the etching resistance. 5 If the anount of the

polyn@RRAtibMhitiibd a CRIin tvahder gpeakhdthelitel (t4Nicsirabld/tondd 2
the repeating unit (4B) is less than 30 nol % the

suffiefeds ahmboki sfghprnfcal peneerirmipn etidtop ai ordel; toiréalime aeuilivaamt
70 nol % solubility in a solvent may be decreased.

polylndtib8iiomtuee. t i If perratiagfihe hiommcdithosididabpolfwerization initiator to
patterning used in the pattern-formng 10 nethod nmay

the proowrdiof theaghe it trangfea agens iophdighy hadicarsadies) saupiing reastion
(3), the repeating unit (4A), and/or the repeating .

mayygfictr {e8Bjing mspreguesined appndesemblstrarivingragicaiplymenization

hydr oxystyrene, 2-hydroxyethyl nmethacrylate, glycidyl
prod-\%,t. ha’Elywpéilgr’)g pqxij@%/ Y g%;f%ezgﬁrlggl’s posse)s/smg unco%tz%ﬁecfj y

B B S Bt S Bt
i t her .i.ndi vi dual | 1. conbi.natian. e,
oS P SOEEL T e

plefgr%%fgf;&') 9.0@6;%{ o ?8' ?/m|380 t O[ 8(1)23? ??;heand mor e

[01 | ystyrene-reduced wei ght average nol ecul ar wei ght
: %ﬁerei nafter referred 20 to as "MwW') of the polyner

?Zgﬁmﬁhé&%f&ﬁtﬁram%ere,?&xmgriémbﬁ iifdtor llRide SRR akd A piichlarly
limited to: a thermal polymerization initiator, a redox polymerization initiator, and a
photoinitiator,  As specific examples, initiators such as a peroxide and an azo
compound can be given. As more 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 repeafing units in
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and/ or the repeating unit (4B) determ ned by ge

per meati on chromat ography (GPC) is wusually 500 to
500, 000, preferably 500 to 100,000, nore preferably
800 to 50,000, and still nore preferably 800 to
10,000. If the Mvis less than 500, the conponents nay
volatilize at the tinme of baking the film failing to

neceggﬁy 6818911@ ea?&{jt% ?iqxl{ed 1£nalt1 Ak ;ga%[le%mcn{w%)dzjg: eﬂﬁé‘g?éag m?ﬂtch{%sfjwe
of aI&ﬂﬁmﬁ@hW&u&% igﬁxa[)& &R aecﬂmggrangﬁf aSoh R P Rain the ¢ polymer of

rrzi ynerli za unsat rated nono

the ﬁﬁilﬁﬁlﬁ%@@h@ 96111\911 S/@%h lﬁfcn?ﬂ%@uﬁ’gﬁvef\ﬁ epeald ﬁ%eﬂf‘b&;ﬁblc of

desire ar composition in

dlss@!f?ﬁlrgQHé hithEmer! Mel f)d]yﬁm@ﬁz:ﬁ’foﬁsiﬁﬁﬁt%l Ghd %l}ﬁlﬁ@l’aﬁﬁbz agent is

po ynerlzatlon initiator, a chain trans er agent, and

genérmy hiel Qs thd pdlﬁnéi%hbﬁbd)i%ﬁto Addxampiey bf 116 loerni ATRLRLE,
the radi cal” polynerization initiator in order to

alcon@aslommsakauﬁef sodveRbs, cthbr OVAniE hRAL polar ket ents, lbtef Revents,
rati o of the anount of the radical polyneri zati on

aromavictsoBteats, &l lidcheomomlintlipfatit kelveltaican be @inerf. er Aagesttol
is too high, a radical-radical coupling reaction may
solvets,-progaud]f butgnal,rprppydehect !y an mefomethyhdesst, radihe like can be
non-1living radical polynerization product. The
givepes dis tkictoge p@lwmrmcng/l atlid ketgaepsetonarrad tesldkesean bg given.
. uncontrolled characteristics such as the nolecul ar
Exampplegpf thersharbinebide afkowsi bﬂtetlaﬂl'ssﬁlpll phiicexymeiayh@herpeigyl
rati fther di cal poly initiator
etheg Ratfahygiogwar.ndd g{fﬁmw ﬁf@fv@ E @16131310%3 ro@%ﬂ&tb include
221 npl e a neriz -,
dimgkpy i Rgot. Aoy wb“mﬂ%&raél%ﬁﬁ% lighr P eits; fkyl ggetates
th [ i nitiator
such Siegf Ity BrBPHTRL 578 Uil Tl bE kR PrrbRBSer i
ar ongag%§gfdcﬁtsqffau"a% @ﬁylaegvgélbéapg@h%xs&u% Ad &gregg. A9 and
halo?é@ﬂm F‘ﬁmgtflc. tGer@dicqak GHBJ O6ERLdné At E@Anplbfbt thehRYhatic

roper oxi de, t- butylperbenzoate benzo

solv@tﬁﬁ %llﬁ'ﬁ hexa%wzoycﬁkﬂﬁhhr%( gndiidinmet hyl val eronitrile),
, 2" -azobi si sobutyronitrile (A BN),

[0125]

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 in a
normal atmosphere in some cases, the polymerization is preferably conducted in an inert
gas atmosphere such as nitrogen 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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1,1' -azobi s(cycl ohexanecarbonitrile), and
di net hyl -2, 2' -azobi si sobutyrate (MA1B) can 20 be
given. [01231 As exanpl es of the chain transfer agent,
pyrazol e derivatives, alkyl thiols, and the |like can
be given. [01.24) 25 The polynerization may be
carried out by common batch pol ynerization, drop
invdd@byeri zation, and the |ike. For exanple, necessary
types of the above nononers (3-1), (4A-1), and
[01¥AB- 1), and nononers corresponding to the other
repeating units in 41 necessary anounts are dissol ved
i n e ohganied sotheanberiaderdnyreticaibnifor phernpnesente
of a radical polynerization initiator and a chain
apptopainsheselageinton alcobolaisnctt dsengbinotesthaol, 2-fvepatiohyll-butanol,
napht hal ene derivative of the enbodi nent. An organic
2- btg@mlehpemiamrd,b?l-;aﬂmanol,oﬁ-Qsmmwl, hexeohBrivrend, 3-hexdinekl
merization initiator, and chain transfer a?ent IS
2- msthggﬂaémmnloy s eliyiag-pepiengof -yt Zapantin ob G-wetiy l-2pentanol,
exanpl es of the organic sglvent, alcohol solvents
and ﬁe%thél %@Wémlseth@ts Sagh asgfietlpkesher aftseprapYheher dipropy! ether,
nts, .aro c, sol vepts, .and

ond S s KRG (R P SO B iR aa gb thervolvaat does
not ajsyﬁgq amigllll}\ét? nt %'ﬁ 1ﬁ"€1¥£ﬁ not 11 gh.gg(lt)l?%gjlyl&%?p 0 gfé))yy%ciqgagwlate

ketone solvents nmet hyl ethyl ketone, acetone, and
&1ike can be gi ven. 10 Exanpl es of the ethers
[01 ﬂclude al koxyal | cyl ether, such as nethoxynet hy

ther ethyl ether, tetrahydrofuran, and 1, 4-di oxane.

et hﬁz?w% RABD1aLishop Ol 6ol Tchfiho

or mam and t he ﬂ ke.
4~ m@t%yﬁﬁlp%ﬁtdﬁ@l' Mﬁﬂ‘hé likahkeyr eﬁ%leat EhesSsVer@Smey BY lised either
acetate, nethyl acetate, and the |ike can be given.
indidan &sin@bmbhftioRbPHRd bicmel Vanks sohentidga@bkyded iy kn
sol vents such as tol uene and xyl ene, and 15
amonat woeattbe saidommatane oSthk vesnitBigswalposision iplderablgrizEne. 70
Exanpl es of the aliphatic solvents include hexane,
masg¥pc inohepafeegblafds tth 60 hiakedo, and particularly preferably 0.1 to 50 mass%.

struc

[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 repeating unit
(4A), and/or the repeating unit (4B).  As the crosslinking agent, polynuclear phenols
and various commercially-available curing agents may be used. Fxamples 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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[0125] The polynerization tenperature is usually 20 to
120C, preferably 50 to 110C, and nore preferably 60
to 100C. Although the pol ynerization nmay be conducted
in a 20 normal atnosphere in sonme cases, the
pol yneri zation is preferably conducted in an inert
gas atnosphere such as nitrogen or argon. The

4.4 I[@l@qql[amfywxs}bhel@ﬁ I- IMtwmwl)mﬁw}myﬁmcgﬁmh&ﬁau M

enbodi ment” can”be adj usted

poly?ﬁmdl@édch%@nbﬁﬂakf&Df Be abotRIyRRRARHEendRd the chain
ransfer agent. The polynerization tine is usually

4,4' 015 4t(@-[haddraypBenyPl Bﬁu&ﬂ@bétklyl He@yl &hEMHﬂ&]bi@ﬂldﬂ(ﬂQﬁ&
preferably 2 to 24 hours. 0126 e above pol yner

novsialn ateerefatabbnl Wh&s@pblﬂmod?ear 95&11@1&1@&3013@&:@1 efthertindividually or
upper-layer filmconposition for patterning used in
in cdrhiginpddnt efrtwvofaommirag met hod of the present 42
invention. [0'127] The solvent used in the
{Oleﬂ)per-I ayer film conposition for patterning may be
%aoprl ately selected from al cohols such as net hanol ,
awples pf EiWcﬂyalﬁé lagent sldgrfBIsocyapates piphdol |
pent anol , pent anol , . 3-pentanol, 1- hexanol
2,3+ t@l}ﬁ@)@gﬁwcyamtﬁélxﬁ-ﬁgylemghwmwtm 3.4 §W5pdllsocyanate

3>5“@13Hg"tqqyP‘;‘g“%ggtg%o‘ig‘phenﬁﬂgetmw{‘f’f{}gglt?‘a‘gglnt anol et hers
llexair?qi@flgr?edgh%gya?{%&tvﬂqé‘i RO RR e v RS engfy BisgBokinds

o L B S B £l B Y B 0
Izplo%nofyﬂc?ﬁlc%heﬂ%r E Ql}éﬂr@t £ ¥t ab61 ﬁgcct}a% ll’@(?tﬁ" 'Eﬁicohtoljo%g]

ese sol‘v nts, tanol,

Epic%oaﬁﬁ)%am Epi eﬁ%fs Pﬂﬁéxwfa&ur{?@wmkﬁsﬁam Co.angh )k he

e are pre erab ese solvents may used eif her
Ala,IHfﬂQ bYHE uahiie @1700 ms?laﬁ@tssmt ARA1dIRE 50V BIitEBOEL, ATRBRE6084,

sol vents may be used in an
Araldite 6097, and Araldite 6099 (manufactured by Ciba Geigy Corp.), DER 331, DER
332, DER 333, DER 661, DER 644, and DER 667 (manufactured by Dow Chemical
Company); melamine curing agents such as Cymel 300, Cymel 301, Cymel 303, Cymel
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., 1td.). 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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15 anmount to nmake the solid content of the resulting
conposition preferably 0,01 to 70 nmass% nore
preferably 0.05 to 60 nass% and particularly
preferably 0.1 to 50 nrass% [0129] Various additives
such as crosslinking agents, binder resins, and
surfactants can be optionally added to the
croddPRghg h@yer filmconposition for patterning. 20 [0130]
The crosslinking agent is a conponent accelerating the
[o1&4ring reaction of a planarized filmnmade of the
~ polyner having the repeating unit (3), the repeating
UNithe afrbAht ofhe cayssiidkéngd seanis iphdfetablyt SO(ARBY Asledshend more
crosslinking agent, polynucl ear phenols and various
prefe@blyei(Cinatsy onlead bfabé eoleiloviniignagevhime)in He rasdidng
Lxanpl es of the 25 pol ynucl ear phenol s incl ude
comipositioh.ear phenol s such as 4, 4' -bi phenyl di ol ,
4, 4' - met hyl enebi sphenol , 4, 4' - et hyl i denebi sphenol, and
[01%#]sphenol A; trinuclear phenols such as
4,4",4"-nethyl idenetrisphenol, and 43 ) .
4, s the bingey esing varyas sheypRBATI] pinfarhiicanespitingenyd pay
t hyl i dene biaphenol;and, pol. yphenol s such as novol ak.
be ugpd. t H@Caahﬁﬁﬁeﬁ ﬁhﬁ %U&cp;égqtlcﬁmmogl’de o-olefin polymers such as

e e R e

POl KGR O oo T EORBT Rk il BRCEAl B ptadesenc
1 ' ' .

pol PRSI BYSSBriededn i ity RSG5l Ml omysgrivested

LY RS SEE R o snasgsgane

polyﬁ' é,éaﬁﬁgltlcﬁ%ﬁgﬁcléﬁ[ﬁﬁﬁmﬁgﬂ ia%f,'})\l'%ﬁ%ﬂyemel%; &,B-unsaturated ketone

di 1 socyanat e

polymets SMEI4Q ffa@ngﬁ@m?i SIAGHIRRGS, poBR YN0 VRAY REBne), and
avai | abl e under the trade nanmes of Epicoat 81

Sl Bt Bt i o ol S
carbbRyléoatid d&dvétive polymers such as (meth)acrylic 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 diester, 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)acrylonitrile or

derivatives thereof such as (meth)acrylonitrile, a-chloroacrylonitrile, and the like;

polymers of (meth)acrylamide or derivatives thereof such as (meth)acrylamide,
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Epi coat 1009, and Epi coat 1031 (manufactured by

Yuka- Shel | Epoxy Co., Ltd.), Araldite 6600, Araldite
6700, Araldite 6800, Araldite 502, Araldite 6071,

Aral dite 6084, 15 Araldite 6097, and Araldite 6099
(manufactured by C ba Geigy Corp.), DER 331, DER 332,
DER 333, DER 661, DER 644, and DER 667 (manufactured

N N B R 0 TR TR PR OO B S S
Doly(}%gs’ ol%/\m? ng #fta%gﬁg?rﬁﬁg EO&\@E %@ftl%‘ég gg taggo 6 & gﬁld

polygﬁ{ GRAne08e ( ll‘fBat%kUIﬁg g%&o%glamhﬁ(ﬁ%bfr%ﬁ?ﬂ Mod

oguanam curing agént's such as Cy

poly@e%%ﬁy&@gyr@(@%'ol)%x}%es '(}%ﬁ@@ﬁmi‘éﬁ@ndéw g&?@/];ﬂ@éq pMS&ﬁﬁt‘ies suc,h

Mycoat” 130 nuf act ur ed tsul -

as nHbl 6 an@Bglod} Y €01 2 Ehd the UkE N1 ﬁﬁ‘iﬁmﬁ%@ﬁh fati asters
)}ill? 0 and %/msl 1172 (nanufgia%?ed by Mtslﬂl %g]r?‘amd

aronlatid phiyestass, h\lidﬁéh lybét ¢ Qedd (Poyrfhaakte le€idr D Yo
Cherln cyal Co., 6\5‘0 Anong these curing aggnltsg the 25

polymafcas, rmlyaumes;g:m@gmﬁh@ acigatolhmtig kyaky polynaidesng
agents are preferable. These curing agents may be
polybeedinaidairdes; polgbenzdasdols; polybenzotndriokeat paparofnotresoles;
more. The pol ynucl ear phenols and the curing agents
polyeragiagelessiealypyazades pelitciioroles polyguinoxdingsspalyikiapges;
agent. | 0132] The amount of the crosslinking agent is
polybsnapsrditsngs SplyadTinsy, 2nd elyantherzebin®. preferably 30
gﬁss% or less of the solid conponent contained in the
[013pksul ti ng 5 conposition. [0133] As the binder resin,
| gi therm) | astic resins Hd thern&g _i Q}g rg%i ns

?1% Caif QHW%%‘-“BFP?’}‘?B‘: REP foBITESEY Lo 8 becomes
insolsgll% ina 389’[‘3&1:%‘% éﬁ@"‘%%{ﬁ%‘ e8I 1% 81"%?be %%ﬁ ﬁgxenrgi%r resin due to
its efPQ a1 B/ EXeTol ¥ .
its efgf%:t éf b Lb‘gg@ ﬁxéteﬂlg%; %_\3611:%1 _lﬂgggg%tzﬁgc?mg% yﬁ}s %(aﬂﬁ)ﬁc%rb?’thc
therrdRURIEGRNRermosetting acrylic resins, phenol resins, urea resins, melamine
resing, amino resing, aromatic hydrocarbon resing, epoxy resins, alkyd resins, and the
like can be given, Of these thermosetting resins, urea resing, melamine resing, 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
COMpPOSItion.

[0137]
The surfactant improves applicability, striation, wetability, developability, and

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

polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene oleyl ether,
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pol y- |-hexadecene, poly-I-octadecene, and pol yvinyl
cycl oal kane; non-conjugated diene polyners such as
pol y- 1, 4- pent adi ene, poly-I, 4-hexadi ene, and

pol y- 1, 5- hexadi ene; a, [ 3-unsaturated al dehyde

pol ymers; a,[3-unsaturated ketone polyners such as
pol y( et hyl vinyl ketone), poly(aromatic vinyl

polﬁﬁ?gﬂg r%gg—?ﬂ(?ctg{gg&g @Exy }ﬂlygx}\éééﬁ%lenéﬁﬁ-trﬁﬂﬁ é)hcnyl ether,

polyfbl jlu%ﬂ?&d! ke dte, P@lggﬂfﬁéllé & g@@]‘ cﬁstgﬁ Ei'c:vﬁfd e 119@' yrrer S

such th)acry aci d oroacrylic acid

confRBLRNAGIMable OGS alch a5 kPBY N AGAUhALRI 1§ Mhin ‘Etsy Chemical
hal ogenated (nmeth)acrylic acid; a,[3-unsaturate

Co.CRIdDORYy TIewash. 7 samayet, iod €nmpah 4 BRF & lgunpo@mq,rfean@ahmmd ),
of poly(nmeth)acrylic acid anhydride and nmaleic acid

FTQINBY A0l JeF 204 31 Mg aedEP oL Y basmdadOred dlybidkibiatteoducts
pol ynmers such as polyners of nethylene mal onic acid
Corgdomastey MEGAEALITE 7ACF1V2, didBl B (mamnfdcheed bkBainfhbadhk and
pol yners of diolefin cal boxylate such as sorbic acid
Cheggcads, Inen) ddwdred EEHB0 E€# %Y, FGJR 51 diel FO93k@anufactured by
a, [ 3-unsaturated carboxylic acid thioester polyners
Suxlﬁtmp élgllétﬁétﬁs?é)eﬁymdo‘&@}éw stﬂmtﬁ@%,tf‘é? lathC 102, 8C-103,
q%proacr lic acid thioester; kﬁners
SC- é@‘h) FOh R i SIC165 eranvieRirebby et (i &5%, Igdorandshe like can
rneth)acrylonitrile, a-clrlor acrylonltrlle and t he
be ag‘f% hﬂls av%é%s Ay fﬁﬁéﬁ% %@waﬁml@}éﬂl 310" b inahRgOf o or

morg" ﬁ? B o %%%@‘fﬂ@@ SRl aN IRumet onlgss, o s

preffapfh Rhhi Je%p%fﬁﬁ??ﬁ‘?ﬁe@mpaﬁﬁ BRlabe i o e
comgg%uﬁgrl?en@ 11%P§ \qe% wlﬁa 1\&«11/1) Pgétdoii ﬁ@% Ppegnl-:r)(/gtlm -

tetra ydr uran

antxﬂ@zhﬁfnﬁ' e acl}f%klwé Héuh%{%adﬂd%éhkepol ypept i des;
pol yam des such 5 as nylon 66 and nylons 1 to 12 and

[o13ghe |ike; polyesters such as aliphatic polyesters,
aromati c polyesters, alicyclic polyesters, and

polTheaohd o@icenteicdr & thadnpdsRRa conPaliys 4 bb9ARS having the
pol yazi nes; pol yam nes; pol yaromati c ketones;

repepthyami ¢l snd/optieybpsariog onid §2ah es; uppet- Ml?afﬁmﬂm]ﬁis&mn for
pol ybenzot hi azol es; pol yam notri azol es;

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 polymer 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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pol yoxadi azol es; pol ypyrazol es; polytetrazol es;
pol yqui noxal i nes; polytriazines; 10 '
pol ybenzoxadi nones; pol yqui nol i nes; and
pol yant hrazol i nes. [0135] The thernbsetting resinis
a conmponent which is cured by heating and becones
insoluble in a solvent. The thernosetting resin is
[o14yYi tably used as a binder resin due to its effect of
" preventing interm xing with the resist pattern 2. As
examRhPpedhydrBmlGnReRR TS pdRehifeehith cohRmIRBeh il Mer
acrylic resins, phenol resins, urea resins, nelamne
havih @ Shd¥epeAltk MRit (8] kIRSrep&tiOIRHILC4 ), dnd;/@aﬂmepdaaﬁ%nsit (4B) as
epoxy resins, alkyd resins, and the 1|ike can be
resigtoBponetls dah &6 ectynsitalils ebéd ingnicashintation esing edittagraphy
mel am ne resins, and aromatic hydrocarbon resins are
proqeeihieriath eariqud 13} of 20lidive shelngkeulirnasich mdmpnbéecp siltdaviolet
either individually or in conmbination of two or nore.
raysTtlectaorobeatmsodnd Xeatn avelosedy agihrasin fabriedtemads)iptc 20t ademis i
or less, and nore preferably 10 mass% or | ess of the
boarglsl i d conponent contained in the resul ting
Conposition. [0137] 25 The surfactant inproves
[014dplicability, striation, wetability, developability,

W RGN N T T
L TR S e T

. pol yoxyet.hyl ene-n nonyl phenyl ether, polyethylene
ﬁ““ﬁﬁ@g%}g%#W' rate, polyethylene glycol distearate, and
[Opgge i ke; commercially avail able products such as
é 341 (manufactured by ShinEtsu Chem cal Co., .Ltd.),
Pol yfl ow No. 75 and No, 95 (manufactured by Kyoei sha
Chem cal Co., Ltd.), 5 FTOP EF 1.01, EF 204, EF 303,
and EF 352 (manufactured by' T' ohkem Products
Cor poration); MEGARAC B%71, F172, and x173

(manuf act ured by 2ni+po I nk and
“\\c

7]
et

DH‘IB

()

[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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Chemicals, Inc.); Fluorad FC430 FC431, FC13S, and FC93
(manufactured by Sumtonp 3MLtd.); Asahi Cuard
AGr710, Surflon S-382, SC 101, SC-102, SC 103, SC- 104,
SC- 105, and SC-106 (manufactured by Asahi d ass Co.
Ltd.); and the Iike can 10 be given. The surfactants
may be used either individually or in conbination of
L VWOT IR 3 o TR BscriDRE crREDMRInCluchB 8o HE fiGh i %or 1
pr eferaagly 1§Ilmsg%%r f“§s§? an?iﬁm)re res'?er(ggmu]i%ﬂ fayex
Al S IGs Ron 188 Sat@Fnihd8scaqh kift (ARRORARIGARKEE BEGle bRestite
. resﬁ)l(%’i nglg clgarrpols‘}iéf [ %n. 1C): hlgar addi t in\%es mcﬁﬁ%’y Sble

invengiod, | M @i@@sli@kﬁx@qgaﬁ.ﬁx\éﬂtﬂrd&cdsﬂ{y th@rﬂédcﬁéﬁ@fréhe%rcfrsgl%ﬂémg agent
e

an adhesive adjuvant, and the l'ike. 15 [0138]

and 316 dxhzep BaNinraé ekl dhiesheemnastht famutOe) diNked b the
pol ynmer having the repeating unit (1) and/or the
actisrepat aoiy unit (2) in the upper-layer film conposition
for patterning is preferably 0.05 to 60 nmass% and
[014Adre preferably 0.1 to 50 mass% [0139] 20 If the
solid concentration is | ess than 0.05 nmass% the
coatarigys mditivrs sudoas the abevs-menfidnied badet sesmevierfactestssand the
. patterns; if nore than 60 nmass% the conposition may
like [gany Be gptionialy addesco she ypremirveniilie gompostirofor paterning.
failure, with a consequence of leaving unfilled fine
fm‘kﬁtter ns. [01.40] 25 The proportion of the pol yner
eating unit

havj th ti [ 3), th :
(443 airifos ot B npEpaSE gt Theost i T RaieH g edca the
- i1ion | ferabl y_60 % 47
Pt R Bsh @PD P B ToF S B Rcrut S iReCehon g
o ins the pol havi ng th t it
rorrfll 4 BOMALES, [ hg bt Y Cam) andlor the repeating

{Oltﬂﬂit (4B) as resin conponents can be very suitably
used in mcrofabrication using a |ithography

R‘G)
q

-<ch‘#115 i/%hﬁ )
/

/

(OR™),

(6)

[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'7 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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5 process in which various types of radiation such as
ultraviolet radiation, deep ultraviolet rays,
el ectron beans, and X-rays are used, such as in
fabrication of integrated circuit boards, [0142] As
exanpl es of the upper-layer filmconposition for
patterning used in the 10 pattern-form ng nethod,
[Olﬁﬁlyners having the structural unit shown by the
‘followng fornula can be given, [0143] R11 R2° OR13

( 5)1 e %ﬁo&@ﬁé&hbed"@%ﬁ@ihﬁm@ 288 cARlge RNAWyRsEY %ﬂnpeplayer

atom an a group having 1 to 3 carbon atons,

ﬁlm%nﬂ)’o)ﬁ'tmﬁ FOUR b ERBAL IRNaftcr OMIHOGRALGE Sthe fﬁ%sem
al kyl group having | to 10 carbon atons, a vinyl

inveationp, Tmm!,dlmkmg lr@atfion ﬁ[oo@@ds&fy}’tﬁm Sa0tidh ofthe cishiinkthe agent
1, or 2. 20 [0145] 48 The above-descri bed crossli nking

and dgeidyge amrbm tBel ftiedobry] wisedobarbytihe farppdr (5) ayiérted by thm
conposition for patterning used in the pattern formng
actioredfreochedd. t he present invention. The crosshnking
reacti on proceeds by the reaction of the crosslinking
[01Xddent and the oxygen atomin the structural unit
shown by the formula (5) initiated by the 5 action of
an Vaeiods additpesshch ardhe o ca;a@iutqmcégmgig@wmgg sppfactants, and the

above-nenti oned bi nder resins, surfact ant[s and t he
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.

[0153]

ga
R“clﬂa/

0H1B

)

[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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i ke can be optionally added to the upper-layer film
conposition for patterning. [0147] 10 As exanpl es of
t he upper-layer filmconposition for patterning used
in the pattern-form ng nethod, polyners having the
structural unit shown by the following fornula can be
given, [0148] RYSI p .~ L.GRraRrs 11\\ OR17 r (6) 15

gf%nl%]re 8% §hid (B3%4n BRELEBHRITNDHI A BEIOHE PnchoRiE silffuwn by

roup having 1 to 3 carbon atons,” or an ary

the HBWhg REBulaqRresents an al kyl group having 1 to 10
carbon atons, a vinyl 20 group, an allyl group, or an

[o1sgjyl group, R' represents a hydrogen atom an al kyl
group having 1 to 10 carbon atons, or an aryl group,
gis 0, 1, or 2, and r is 1, 2, or 3. 49 [01.50] The
above-descri bed crosslinking agents can be suitably
used for the upper-layep filmconposition for
patterning used in the?patg. form ng method of the
present invention. The cro i nking reaction proceeds
by the reaction of the crosglinking agent 5 and the
oxygen atomin the structurgpg®@nit shown by the
fornmula (5) initiated by the action of an acid.

(11)

[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 pelymer
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 uitraviolet rays are used.

[0161]
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[0151] Various additives such as the above-nentioned
bi nder resins, surfactants, and the |I|ike can be
optionally added to the upper-layer film conposition
for patterning. 10 [0152] As exanples of the
upper -l ayer filmconposition for patterning used in
the pattern-form ng nethod, a conposition, of which

t h%mie%ﬁh@roﬂ@@h@mmbﬁs $ReRRSEE: @6 u per-18R% Pllh @fposition
pol yneri zation, iS a polynmer having t e structural

for phdticniSHOMRe ?Veséxh@mfdhhbﬁ)wmkgwtfv@ oMt et Caftrdmsetal &the 15
[0153] keH 'C IH n18 (7) [0154] 20 wherein R38

comg@ﬂﬁ@@ RBdusedebyhthe aogainofaneitid. afolkkathplgraopgetchastiapg cdnttod by
O carbon atoms, or an aryl group. [0155] 50 The

meahepEpdticngdrani-tp s ppssiln, ifen ehfigichagedble pohyositidwis nged ine
mononer shown by the following formula (11), [0156]
combid@tion Ghth aDRk&malliichafuef @kBF|c field as described in Tapanese Patent No,

3774739, for example.

EXAMPLIES
[0162]

The present invention will be described below 1 more detail by way of
examples. The present invention, however, is not limited to the following examples.
In the examples, “part” refers to “part by mass” unless otherwise indicated.
Measurement and evaluation 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(OCHa)4 and HzCS8i(OCH3)3 was prepared as follows.

[0164]
[Composition (A) containing a hydrolyzate-condensate (resin) of monomers Si(OCH;)q
and HzCSi(OCHs);]

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{(OCH3)4 and 8 parts of
1;CSi(OCH;)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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wherein 1118 represents a hydrogen atom an al kyl
group having 1 to 10 carbon atons, or an aryl group.
10 [0158] The nononer shown by the fornula (11) is
pol yneri zed by cationic polynerization by the action
of the acid in the under-layer filmto produce a

pol ymer having the structural unit shown by the

foﬁfﬂé'm&%ﬁuu@ LR Wadedool ayee hﬁW'Wﬁs 1{1&145% by kel ﬁﬁ#ﬂeatzon

nononer s the formula (11) be coated on

chrdx'ﬁlﬂi@ a+ng@}Pé] dsMg Gﬂ%@fuﬁﬁk'(Mﬁh&’factmrbthOMBQﬂEf i

IS possible to expose the under-|ayer

G2obuHmar 20 GRheoHEN e MeG4 @asININ: 19 e aattat berditidn@ bE@lokhate of
conp05|t|on accordlng to the present invention can be

1.0 M@Minweab@ b kyluusedmpaQtust bheWC usiignetrahygesferaalas an eluate and
phot oresi st for mcrofabrication of integrated circuit
mordapescapdlysiyieac ki ketanddird gefarehid meigriaphy process in
whi ch various types of radiation such as el ectron
[0ldgdans, X-rays, and deep ultraviolet rays are used.
[0161] 51 A wide variety of conpositions can be used
as Wrarappenndayeyer filimponpaption (Abwas elpinghby adding g dorrts
the present invention irrespective of the structure
of h.xmw;@flaulﬁayumﬁ@ﬂaf@é%%@ﬁrtts i sesysodetianat del dibiing gheoy
an acjd. Far, exa attern s contr
resuftgghBITe et By par r%fvlpcts AVst BERRER 4 2 Ffaﬂéﬁ?élagﬁ?wmﬂf-
éﬁargeable conposition is used in 5 conbination with
o1 externally charged electric field as described in

Pat t. No. 3774739, .. f | e. EXAMPLES
[P TRRE 145 RIS RO PRULH 10 Wi 11 be. desor i bed

bel’ﬁl‘é’ reé’fn g&{lﬁoﬁj E’at) ﬁlséd 1%}( })%Xru?é the under-layer film was used as is as
the upper-layer film composition for patterning (I).
[0168]
[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 clectron 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 es. The present invention, however, is not
limted to the foll ow ng exanples. In the exanples,
"part" refers to "part by mass" unl ess ot herw se
i ndi cated. Measurenent and eval uation in the exanpl es
and conparative exanples were carried out according
to the follow ng procedures. 15 [0' 163) [Exanple 1]
[Orhgreparation of under-layer filmconposition (A)) A
- conposition (A) containing a hydrol yzat e-condensat e
[EX&%g%hﬂ) of nmononers Si (OCH3)4 and H3CSi (OO -13) 3 was
prepared as follows. [01.64] 20 [Conposition (A
contigd |y . ; Al abipes1 filized,
o R R AP aleed,
[01AKueous solution (0.8 parts of naleic acid and 34
" parts of distilled water) was added dropwi se to 40
[Uppai-lagcioflmBcdigidsitionrfoopat@riaitiB) 4 and 8 parts of
113CSi (OCI-~3)3 in 117 parts of 1-ethoxy-2-propano
heat@thnaiciBRGvailitde plodnytiriorethumgsibe stas weeldasds. 60C f or
four hours and concentrated under reduced pressure to
[01BHtain 100 parts of a resin solution (a). [0165] 52
The Mv of the polyner was 2000. The Mwv was neasured by
gelFoseatiemeof tbha unddirlayra fidgraag pprtaERaosusivage araed obums
(manuf actured by Tosoh Corp., &00011)CLx2, G3000HXLXx
accarding40 Rl 1) under the conditions of a flow rate of
1.0 M/mnute and a colum tenperature of 40C using
[Ol?gtrahydrofuran as an eluate and 5 nonodi spersed

oGS APk B SRS Pr 12458h

LR RN A TR M R
the g&itilﬂkiwnag. Hel}8d 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 3%3 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 (111}]

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

[Polymer (b) having a repeating unit of hydroxymethylacenaphthylene]
[0177]
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10

13

resulting mxture with 13 parts of 1-ethoxy-2-propano
and 2 parts of distilled water. 10 [0167) [ Upper-I| ayer
filmconposition for patterning (1)] The resin
solution (a) used for preparing the under-layer film
was used as is as the upper-layer filmconposition
for patterning (1). [0168] 15 [Formation of
under-layer filmand partial exposure] The under-|ayer
film conposition was applied to pp=8-igith silicon
wa v:ZE¥I§b'H coati ng and heatg% on @ hot plate at
200C¢ for 60f{seconds, then on another hjot plate at
3004 for 6Qlseconds, to obtain a undef=hkayer filmwth
#-.80 nmon the silicin wafeérn. The

patternifor a 20 specified irradialti on BLJ‘ usi ng an

‘ rawi ng appar at us manuftaettred by
Hi tschi , k" [0169] [Formation of upper-layer film
conposi tion|for patterrding and formatijon of pattern
(1)] Afterlspin coating the upper-| aysdyCEH m f or
patterning ?H#mtn the under-layer film 25 the coating
was heated on a hot plate at 155C for 90 seconds. The

resj s developed in a. 2.38 9
tetb%igthylannoniun1hydroxide aque Gié%olution at 25C

for 90 seconds, washed with water, and dried to forma

3 x3 mn pattern (1). 53 [0170] [Exanple 2] The

under -l ayer filmconposition (A) used in Exanple | was
0l iilized. [0171] 5 [Upper-layer filmconposition for
l'ﬂﬁ tterning (I11)] Conmercially avail abl e

ph%%lpgrraioﬁaglg )c(:éfusli)l!)ca Gl B TR G et V\;a% charged with a mixed
solution of @ parts by mass of 4-acetoxystyrene (P-1-2), 6 parts by mass of
5-hydroxymethylacenaphthylene (P-1-1), 180 parts by mass of propylene glycol
monomethyl 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.,

(G2000H XY %2, G3000HXL =1, G4000HXL 1) under the conditions of a flow rate of
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[0172] Formation of the under-layer filmand partia
exposure were carried out according to Exanple 1. 10
[0173] [Formation of upper-layer film conposition for
patterning and formation of pattern (2)] After spin
coating the upper-layer filmfor patterning (11.) on
the under-layer film the coating was heated on a hot

1.0 191/1@1‘1&1,@511& @@uﬁlﬁﬁ;mﬁ@cx§@?@@W°Cmﬁxgﬁ@t§3&] Hrof@@n as an eluate and
devel oped using 2-propanol at 25C for 10 seconds,

mon¥asHe tedd dl?ﬂt%@h@ﬁs a SBRUaEd Fefeteh&@ hlefigll Mia pa3xsSbyMass of the
pattern (2 [0174] [ Exanple 3] The under-layer film

resuEQERRSIrhdrams(digsoliedth 190 farangildembthyl®-pubtahdizedbtain an
[0175] 20 [Upper-layer filmconposition for patterning
uppdrilayer filA foopatreeting fif)havi ng a repeating unit of
hydr oxynet hyl acenapht hyl ene was prepared and the
[017@pnposi tion for patterning (111) was prepared using
the polymer (D). 0176] [Polyner (b) having a
r efeemitiy ofrihe uisterdaygr ﬁlrymed hyrtialcexpaphe Wereerelied o8
[01.77] 54 HC CH H2CCH CH2OH OOCCH3 [0178'1 A
accosdipatabranpledsk equi pped with a thernoneter was
charged with a mxed 5 solution of 9 parts by nass of
[0188] acet oxystyrene (P-1-2), 6 parts by nass of

[Forﬁ:&g r(lj rg? %qcbﬁ,@fébﬁgngqnﬁht h Jxllegnaend({:clnmaimn czi“pai?tem (@ﬁrt s by

After spin coating the upper-layer film composition for patterning (XII) 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
(3).

[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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nononet hyl ether, and 5 parts by nass of

di nmet hyl -2, 2' -azobi si sobutyrate in a nitrogen

at nrosphere. The nmi xture was pol ynerized at 60C for six
hours while stirring. The mxture was rised to 95C
and heated for one hour. The resulting reaction

sol ution was 10 condensed to one half by nass and

pour ed o a | arge anount of heptane to

reprecgﬁ? ate the reaction product. A separable flask
%ﬂb d wwth a thernoneter wgs=—chidlrged with all the
junt qﬁ the resulting solid conponents, 100 pacts by
mass of “gtetpahydrofuran, 100 pails by 3

met hanol/, 7 parts by mass of trieth ‘
partspypy nmass of water. The mi xture\was refd uxed for

was conoensed to one hal f by mass and poung dinto a

| arge a heptane to obtain 18 g of a™solid
conponqu. Mv of the pol ynmer was 1800. ‘ﬁ@
nmeasur ed “by—§ per meati on chromat ogr aph¢ GFC) u§|ng
GPC col ums (hanufactured by Tosoh Corp.

&00011XLx2, GR@001-I1XLx 1, 400011X ,x 1) und%% t he

conditions of a flowrate of 55 1.0 n1/n1nute and a
col um tengerature of 40C using tetrahydrofuran as an
el uat e Brtt) nonodi sper sed polystyren@’ég )a standard
reference material. 10 parts by mass of the resulting
pol ynmer was di ssolved in 190 parts of
4-inet hyl -2-pentanol to obtain an upper-layer film
f,or patterning (111). 5 [0179] Formation of the

[0184:]: . . .

der-layer filmand partial exposure were carried out

aceg ﬁd#fg)glé}tﬂ?ffﬁ E‘Eﬁjl ShethachA hifflde ( ESQT)”N) g%@qubutoxystyrene

uppe or patterning an forfat i on

(P- 3m¥ b @IoF aé&)ﬂmolﬂt)%mﬁne SR £6rd, i igpHep - Mm%dhqume were
n1conp03|t|on for patterning (lI11) on the

dlssd}lﬂ&ﬁﬁnh&%@tﬁo f i The mihereondtgohgnvped hadéradflonng (430C) for eight
plate at 155C for 90 seconds. The resist was

hourd evEhe pelg mien saut?or38anms i tadthet reprieeip iyt anosimg aimethanol/water
hydr oxi de aqueous

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 (¢).

[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 (¢) 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 Fxample 1.
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solution at 25C for 60 seconds, washed with water, and

dried to forma 3 x3 m pattern (3). 15 [0181]

[ Exanpl e 4] The under-layer film conposition (A) used

in Exanple 1 was used. [0182] [Upper-layer film

conposition for patterning (1V)] 20 [0183] 56 % H3

H2C-"==C\ H2G CH QHN O H3C_ i CH3 OHCH3 (1" 3 1)
[O]?f -3-2) [0184] 90 g of p-hydroxyphenyl net hacryl

ilide (P-3-1),30 g of p-t-butoxystyrene 5 (P-3-2), 9

[Fm%a‘i’mn%? Qghél-ﬁﬁ!? lﬁtlmrfgf‘bltfe'n'uﬁ afEbrRaloPbs pattern (4)
nmet hyl -1 - pentene were dissolved in

rret;tmqu cmﬁzlgm?étdfbb@pl\ﬁ@é mel wmfdsmel ongiterdigd (19 ioRghe

(63C) for eight hours. The polynmer sol ution was

und@Ulaléd Rith, e JRRAS Gaphéadd Gna List Pgear MEI'0F000] vabeds. The
m xture, then using an isopropyl alcohol/heptane

resigtividsuleeelbpedointasd 38 mamdh yemmmettiyldmmonionl lawdrovadé opebus

p- hydr oxyphenyl ntethacryl anilide/p-t-butoxystyrene =
soluTioh 3025 0afer AQ sennds) wWishealf wiTl) 0@1earraid aineig fdumaf 3 <B. M pattern
@ This polynmer is designated as a resin (c). [0185)

[0188]
[Example 5]

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

[0189]
[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
solution at 25°C for 60 seconds, washed with water, and dried to form a 3%3 mm pattern
(5).

[0192]
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193 parts by mass of an upper-layer film conposition
(I'V) was obtained by dissolving mxture of 10 parts
by mass of the resin (c) and 3 parts by nass of

NI KALAC MX- 750 (rmanufactured by Sanwa Chem cal Co.,
Ltd.) as a crosslinking 15 agent in 180 parts by nass
of 1-butanol. [0186] Formation of the under-layer film

- rtial exposure were carried out according to
mx@@ﬁ%?e 1. 57 [0187] [Formation of upper-layer film

<o SR BT e BB RLL B f AEARRD | by
[Ol?f\ﬁtter ning (1V) on the wunder-layer film the coating

s heated on a hot plate at 1.55C for 90 seconds. The
[Upperti@dr $lmenfd8ish Ineshitehig; @rgp mass%

et ranet hyl armoni um hydr oxi de agueous sol uti on at 25C

f0Eo@ﬂn&@féﬂ?QSaila\mﬁd%ﬂ)h%jilWimteﬂfm' vwabdsdrdsed to forma
3 x3 mmpattern (4). [0188] [Exanple 5] 10 The

[o194nder -1 ayer filmconposition (A) used in Exanple | was
used. (0189) [Upper-layer film conposition for
patfoenmiorgef{t® inde@daypafils and panialgppersurk aseee cdriibdrout
conmposition (V) was obtained by dissolving a mxture

accopfling @ Panmpleby mass of

~1,3,5-tris(4-hydroxyphenyl ) benzene and 3 parts by nass

[0196F of NI KALAC MX- 750 (manufactured by Sanwa Chemi cal

Co., Ltd.) as a crosslinking agent in 180 %S S by

[Forimgsien of uptanyyer Sim deepatietighindror Materof ReftetH8)]

””‘}S{e}- ls;?i)r/leo%atfhllgl, H?&%Sarﬁ%é;-'fﬁ% c%)r( p%%ftjirbg fé»/\{'e ﬁa%eﬁ%{gr(\ﬁ? og lI:Jﬁer
under-layer film, the coating was atlowed to stand overnight under a nitrogen
atmosphere at room temperature. 'The resist was developed using methanol at 25°C for
10 seconds, washed with water, and dried to form a 3=3 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 diluted with 100 parts of n-butyl 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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according to Exanple 1. 20 [0191] [Fornmation of
upper-layer filmconposition for patterning and
formation of pattern (5)] After spin coating the
upper-layer filmconposition for patterning (V) on the
under-layer film the coating was heated on a hot

pl ate at 155C for 90 seconds. The resist was

devqRechy Nad of 1 (ﬂ%ﬁ&gﬁﬁ ehd TR\ aiFiRAY lgdonium triflate

hydr oxi de "aqueous 25 solution at 25C for 60 seconds,

werdai g ediint 20 ;mw&mm of @lhﬁ»lﬂdctﬁt@ th abtaira? 13K Bartd tn padstedan
(5). [0192] 58 [Exanple 6] The under-layer film

und@dapadilin @mnfoAlionsdy in Exanple | was used. [0193]
[ Upper -l ayer filmconposition for patterning (VI)] 5
[01989mmerci al | y avai |l abl e cycl ohexyl vinyl ether was used
as is. [0'194] Formation of the under-layer film and
[I,}pptaplnj/eatIﬁlmﬂlﬂ*ﬁ'miomé‘wre)auanﬁﬂ@ﬂ)]out according to
nmpl e 1. [019@5 10 [ Formation of upper-layer film
forThpa@ftl@Wiuwgl avaf veadersi(Drse¥. pattern (6)] Aner spin
coating the upper-layer film conposition for
[0289dt terning (VI) on the under-layer film the coating

was allowed stand oyerni ght under a nitrogen
at ROSHREREOtH O%J;W% 3 PEtiahgpoRg e fitded out
devel oped i,ng nethanol at 25C for 10 seconds,
ace '@ﬁé%l&ﬁ”f’ﬂ%ter and dried to forma 3 x3 nmpattern
10241? 15 [0196] [Exanpl e 7] (Preparation of under-|ayer
| m conposition (13))

[Formation of upper-layer film for patterning and formation of pattern (7)]

After spin coating the upper-layer film composition for patierning (1) 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 mim pattern
(7).

[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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A under-layer filmconposition (B) containing a resin
obt ai ned by radical polynerization of acenaphthyl ene
and 5-hydr oxymnet 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),
pa.tté}‘h%_t(ﬂ/) &C B ahBert1afer AN W&)expd to radiation through a mask pattern
azobisi'sobutyronitrile (4 parts). The m xture was
for PYe¥iRA i edatain BAECUENE an SlRVES Bt drawig fppatfatisihai@factured
under nitrogen atonosphere. After the reaction, the
by HieRAE E.ahandhestedred aas plitd ut 0" OWdrh601@00mpiar t $hofesist was
n- butyl acetate and the organic |ayer was washed 25
develbidd ia al 220 Pmaabtentmefhylnmhxddmdoiiveide afuecow setutiandt 25°C
nmet hanol (waight ratio = 1:2), The solvent was
5 for @vapondst washied votit witar, ang dtigdhterforra r 3w thimaxattamy (85 1500.
[0198] 59 One part by nmass of the polyner (d) and 0.1
[02Q¢art of triphenylsulfoniumtriflate were dissolved in
20 parts by mass of ethyl lactate to obtain 21.1 parts
[Patppynipg serformiaane evahepdion] ayer film conposition (B).
[0199] .5 [Tipper-layer filmconposition for —
patREFHINGgef Py Pancees ey alupted Yng tnpatianstdlioEbeptaged in

1 S IS. 200] ,.Formati on af, .t he der-Jlayer. . film
Exatgilps 4 ¢ a0oBE GO EOREPR R s Toud P ERSEls d b bl Teble
01 Exanple 1. 10 [0201] [Formati on of upper-layer film
" for patterning and formation of pattern (7)] After
[02 ii n coating the upper-layer film conposition for
03 tterning (1) on the wunder-layer film the coating
was heated on a hot platgygE1i55C for 60 seconds. The
resist was deyeloped in a 2 38 masSsS%

: : : B ——
Exbifpled TEPIGRAMTO VAN YL AR sagpROUS | CIT TUTess SHange
1 i Unexposed part <1
Exposed part +190
9 n Unexposed part <]
Exposed part +1
3 3 Unexposed part <]
Exposed part +10
4 4 Unexposed part +]
Exposed part 415
5 5 Unexposed part +1
Exposed part +11
5 6 Unexposed part +]
’ Exposed part 5
" ~ Unexposed part <1
Exposed part +240
g 8 Unexposed part +1
Exposed part 15
[0208]
15 Table 1 shows that the exposure arcas 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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15 solution at 25C for 60 seconds, washed wi th water,
and dried to forma 3x3 mmpattern (7). [0202]
[ Exanpl e 8] The under-layer film conposition (A) used
in Exanple | was utilized. 20 [0203) (Upper-I|ayer
filmconposition for patterning (1V)] The upper-| ayer
filmconposition (IV) used in Exanple 4 was utilized.
[0%%@204] The under-layer filmwas fornmed according to
anple 1. 25 [0205] [Formation of upper-layer film
forp h@%t\%&g%ﬂﬁn%%tﬁ&f dEhé Eﬁs&ﬁ ilﬂ%'ilfi@ﬁ E'an(@*emo‘sﬁ&@w ng

obt ali y spifi coating the upper-I[ayer

utlhﬁ'ﬁlrmﬁ%ﬂt heRg a%’cnel@pplﬂﬁ‘éﬁcﬁﬁtrfbp thidrbMbr xe‘ﬁldnl'lﬁ’ lr‘r{@gﬁfedl HYGE

| mwas exposed to radiation through a mask tern

boa:ﬁ@ Endthe3k@ Gsini @dith s graghyadrbedds i Wﬁm'ﬂsdaﬂgu @P@fj (ﬁ(‘rﬁ@h@t"bn
beam dr awi ng appar at us nanufactured by Htachi, Ltd

partebRripas, edran, ;diotvekatgdat ' 100C for 60 seconds. The
resist was developed in a 2.38 mass%
t et ramet hyl ammoni um hydr oxi de aqueous sol ution at 25C
5 for 60 seconds, washed with water, and dried to form
a 3x3 mmpattern (8). [0206] [Patterning performance
eval uation] Patterning perfornmance was eval uated using
the patterns (1) to (8) obtained in Exanples 1 to 8
under the conditions shown in Table 1. The results are
shown in Table 10 1. [0207] TABLE 1
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Exanpl e Pattern Unexposed part/exposed part film

t hi ckness change before and after patterning 1 1
Unexposed dart <1 Exposed part +190 2 2 Unexposed
part <1 Exposed part 3 3 Unexppsed.part <l Expose
ddaxt +10 4 4 Unexposed part +1 w. . ) xptlsgtj]
art 1.15 5 5 Unexposed part +1 Exposed pact ... 11

6 6 -Unexposed part Ex gﬁ,QNﬁﬁrt 1.5 7 7 _j Tpexpgked
part <1 Expo sedppart +240 -- -. ......... 8 ..8
Unexposed d part ~ 15 ~-m__..... ~-.. part [0208] 15
Tabl e 1 shows that the exposure areas on the

1. undep att@ﬁ(ﬁfmﬁ;t A Styeil cE?Sx?ﬂ@lhg%el foll@wir: &R i8 SleSBlldWiRkorder:
patterned by t e upper-layer fil for patterning.

(O Nﬂéﬁﬁﬂﬁbnﬁﬂﬁkhmxﬁg d ﬁfm‘ﬁaﬁ]éﬁ«qﬂ% chh@indal 4 pidttibersehiyve
nmet hod of the present invention can be very suitably

acid generator which generates an acid upon exposure to radiation on a substrate;

(2)  a step of rrachating 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 forming an upper-layer film which does not contain a

radiation-sensitive acid generator, but contains a composition capable of polymerizing

or crosslinking by the action of an acid,;

(4)  astep of forming a cured film by polymerization or crosslinking selectively in

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

which the acid has been generated; and

(5) 4 step of removing the area of the upper-layer film corresponding to the area of

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

2, A pattern forming method comprising the following steps in the following order:
(1)  a step of forming and curing a under-layer {ilm 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 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-tayer film in which the

acid has been generated.
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utilized without using a general photoresist for
m crofabri cation of integrated circuit boards and
the like using a |ithography process in which various
types of radiation, 5 particularly BB, X-rays, and
BUY are used. 02 CLAIM5S 1 A pattern form ng nethod
conprising the followng steps in the follow ng order
(1) a step of formng and curing a under-layer film
containing a radiation-sensitive 5 acid generator
o R PERR RO HPOR RS Rl
(1) Fi laneeMd dtvorddbahll @frikd 'k ORI cFBSK chitafdtSLrad@fioAGhhitive
to be 'selectively generated i'n the exposed area of the
aciduresiBratdrayigeh bdrlerdtes(ah)acal efoexbsur@toTiabidtiom onl RREBstlatey €T
filmwhich does not contain a radiation-sensitive
(2) aciakt@eseoahng ankipberclandrdllmsonathe ong@diter ditmcapahldeendot
pol ynmerizing 10 or crosslinking by the action of an
contabi dlrad{dipnacsdittye afd farentagbet @utasd af dompobyion capable of
pol yneri zati on or crosslinking selectively in the
polyamereeingf ort dressliplgeg by slyeeactibn lofire adid cand dauning atloninkis from the
area. of the under-layer filmin which the acid has
undéyeleperdd mearalitheluppendayes filta; st ep of renpving the area of
t he upper-layer filmcorresponding to the area of 15
(3) t he stRIRTIIRGERS thellaminatarite Fdianen SEpreha masioto graegyle an
erated. 2. A pattern form.n od conprising the

acid?sgrqcawlw %\@élgs%diﬂptﬁ 1@ o g %\f&eﬁ&?’%ﬁ@&;: (1) a step of
(4) ¢ ach St oG R I P R arion R R B P Bty
oo SRR G A A e 0
woiGEh B bOLOUBLRATIRE | D e posed area of the

(5) ﬂﬂgxgslr'tcpi cﬁyr@ﬁm?ih e 4red ofthd Egﬁeir%y&ﬁmsdoﬂgsﬁdﬂﬁing_to the area of

er-layer firmto a gas ch’ does not “contain a
the Gritik-BlylePNtnd @Which YRe AGd BasORABEEH Qneraldd contains a
nonomér capabl e of polynerizing or crosslinking by
the action of an acid; and
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),

R SI(ORY),., (1)

wherein R! represents a hydrogen atom or a monovalent organic group, R* represents a
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25 (4) a step of formng a cured film by
pol yneri zati on of the nonomer 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 nmethod conprising
the following steps in the followng order: (1) a
: NG r-layet film. . ,
oA oftn RE8 MK A0, S ol DU U Lt o 008 2
generates an acid upon exposure to radiation on a
substrate; 5 (2) a step of form ng an upper-layer film
on the under-| 40hi | i egénoteyycontain a
radiation-seng?¥§5gﬁggﬁgRggﬁgpgg%ﬁﬁ‘buﬂzgontains a
conposi tion capable of polymerizing or crosslinking
by the action of an acid, and formng a | am nate from
whetdift R*URYEC; hayRT thbishiie andiffele, UB@OTdub By Rfprdskhtd mbRvaent
step of irradiating the lam nate with radiation
orgdniiy gwgh ot a mdilogéaiganbnal e iadividhellyvhetsenladhteya Horm 0 to 2,
the irradi ated area of the under-layer film (4) a
R’ reprepentd aif arygem gtoa our gdup HGH:DY, (vdicyaienirgatieots amrinteger
crosslinking selectively in the area of the
fronu p e 6), lang drrefriesamtscbor bspondi ng 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
6. unddre-nag§ayformipgmeihegaceardingetofdaim hewsd.yoergn e upper-layer
generated. 4. The pattern form ng thod according to
fimZEptagics BIIrERIRET b CRgonsaie,REPEIINOt hEPMRRIGIPUY Y the
fllfi.Im_is n @rganic filmcontaining a
oligvine formita Chnsiti ve acid generator. 20 5. The pattern

form ng nethod according to any one of clains 1 to 3,
wherein the under-layer filmcontains a polymer

having a hydrol yzate gr ¢ depsate, or both, of at
| east one conpound se?écgggpﬂio t he group consisting

of conpounds shown by the following fornula (1) and
(2), 25 it]ISi(OR2)4., (1) wherein R represents a

wheP 6RO 9@?&35’&1@@ 1dr SreARRAY, ANty @FARHaGInG! 10,0 Rvon atoms, or
represents a
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 crosslinking by the
action of an acid, but not containing a hydrolyzate or a condensate of the compound
shown by the following formula (1),

RLSI(OR,., (1)

wherein R represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or
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64 hydrogen atom or a nonoval ent organic group, and a
represents an integer fromo0O to 2,

Ran(R40)s. 1,Si-(R7),,-Si (OR5) 2. cR6¢c (2) 5 wherein R3,
R4, R5, and R6 the sanme or different, individually
represent a nonoval ent organic group or a hydrogen
atom b and c individually represent an integer fromOoO

o o RSV SRR A o ot
'GPI?%P‘R% gg%%qgmﬁgq{;tzs 0 or 1. 10 6. The pattern form ng

O claiml or 3, wherein the
upper-layer filmcontains a hydrolyzate or a
condensate, or both, of a conpound shown by the

f 0']4119Eﬁ LG QT ﬂle(lgoh’ac%lla@g(t%i?fﬂlﬂ“?" vﬁltl:l)em the u \ﬁﬁ@rrlﬁ}iréﬁ film

resents a” hydrogen atom an af kyl group having

comhfh@ 8 Q158 PR i aP Rt 0RE rc;ﬁ@nﬁg YAt §HoWby the fdlﬁMxﬁg (?cmrﬁdas
rogen atomor a nonoval ent organi ¢ group, and

(3), ?fﬁﬁgf SSEOMES a8d hhdd ﬁcﬂ?ityxf{.h@%cﬁc&chE:gh‘Z&e?a eTﬂtﬂeﬂﬂ&ﬂxﬁétht
orm ng nethod according to claiml or 3, whereint
meadiPeEby b agepernfehtion cpohaiogtaphn netlgalrifS00 ospOlted, capabl e
of polynerizing or crosslinking by the action of an

acid, but not containing a hydrolyzate or a condensate
of the conpound shom\@qby tHhe followng formula (1),
Hg " SE(..)CRZ)4 n (1 ereithny R repreﬁegis aEJ:mdrogen
m an al kyl grou){)—ehaw n to 10 carbon afons, or
=l group, R2 ts a hydrogen m or a
andlgug, r epr esent rM eger
om_ 2, .8. The pat th n\ﬂorlgu ng met ho § ;.\g%“?ng
to clalmﬂ*"vvherelnthe uppersTayer film 5¢C ins a
pol yrrerﬁghamung at' | east onE” r at| ng unit $howsu by
the ®ol | owi ng fornmul as

(4A) (45)

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 a polystyrene-reduced weight average molecuiar weight

measured by a gel-permeation chromatography method of 500 to 500,000,
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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 nmethod of 500 to
500,000, H--~C--~- C+t+c~---C+ -C-C ROC.......

c RORLOI4 - Rlol~t:)[ "\1 "Fie C-IR Re CS Re (H
Re OH RB COH (3) (4A) (4A) 10 wherein R8 and R9 show
a hydrogen atom an‘alkyl group having 1 to 3 carbon
atons, or an oup, 1t 10 represents an al kyl
group havi ng arbon atons, a vinyl group, an
al Iyl group, r an a gr oup, and Lis O, 1, or 2. 15
9. The pattern for ng nmet hod according to claim?7,
wherein the upp r film contains a polyner
having a repeat|ng u G 3e|ected fromthe repeating
units shown by h “Lb wing fornmula (5) and a

pol yst yrene-reduc &ﬁ%ght aver age nol ecul ar wei ght
nmeasured by a gel - pe ati on chromat ography net hod of
500 to 500, 000, 6@ypll LHx TYUW2 I p OR N (5)
wherein R11 and R12 represent a hydrogen atom an

al kyl group having 1 to 3 carbon

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 polystyrenc-reduced weight average molecular weight

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

.
ool 3

(ORT),

(6)

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'7 represents a hydrogen atom, an alkyl

group having 1 to 10 carbon atoms, or an aryl group, qis 0, 1,or2, andris 1, 2, or 3.
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atons, or an aryl group, R13 represents a hydrogen
atom an al kyl group having 1 to 10 5 carbon atons, a
vinyl group, an allyl group, or an aryl group, and p
is 0, 1, or 2, 10. The pattern form ng met hod
according to claim?7, wherein the upper-layer film
contains a polyner having a repeating unit selected
fromthe repeating units shown by the follow ng
fornula (6) and a pol ystyrene-reduced wei ght average

1 TS| B8, RSG50 Tksion o

wh;&(ﬁla@%cﬁedular“welél%g)rfm eak) asV\f‘t%Etﬁt Bf pdRkfedndioRbB the

represent a hydrogen atom an al kyl group having '1 to

uppex- lﬁ?értfﬂlh cohbui@t OfPeatDi 1Rt Blatled TP the rBIG1BE RAR SIRRVPLY the
an al kyl group having 1 to 10 carbon atons, a vinyl

foll@wviapBorntida ¢)layd hay & pelysi9fenatedicyd wgight pverke/molecular weight
represents a hydrogen atom an alkyl group having 1
meatured Oy aagebpernahtoms chromatography Imahedy 50§ to $00,000, or 2,
and r is 1, 2, or 3. 67 11. The pattern form ng
nmet hod according to claim?7, wherein the composition
of which the nol ecul ar wei ght has increased as a

result of poly |Hzat n of the wupper-layer film
contains a repe It selected fromthe repeating

unit shown by th 5 ? Iomﬁng formula (7) and has a
pol ystyrene-reduced Wejsght average nol ecul ar wei ght
measured by a gel - perneati on chromat ography nethod of
500 to 500,000, IHmH ---c OR B (7) 10 wherein R18
represents a hydrogen atom an al kyl group having 1 to
10 carbon atons, or

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
containg 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
ey

OR'®
(7

wherein R represents a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, or
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an aryl group. 12. The pattern form ng nethod
according to claim2, wherein the conposition of
whi ch the nol ecul ar wei ght has increased as a result
of polynmerization of the nononmer 15 contains a
repeating unit selected fromthe repeating unit shown
by the following fornmula (7) and has a

. .pal rene-reduced wei ght average nol ecul ar wei ght

d“dﬁaééaéid by a gel - perneatlon chr omat ogr aphy mnet hod of
500 to 500,000, «k C " "CIHORLO (7) 20 wherein R s
represents a hydrogen atom an al kyl group having 1 to

13. 104 E&%P@s"‘mﬂ{ F?)'ir?omﬁﬁﬁ a8 chhhﬁ L9 Hin tﬁ@pﬂt&m fmmmg
conposition for ﬁfng an upper-layer filmused in

mcth&?a&%?diﬁ{%fb Ingrdﬂemclaﬁﬁﬁ hesliaccording to any one of
clains 1 to 12. 5 14. A conposition for formng a
under-layer filmused in the pattern form ng nethod
according to any one of clainms "1 to 12. 69

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

method according to any one of ¢laims 1 to 12,
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