2 8 JUN 2005 ETCH NG METHOD AND COWVPCOSI TI ON FOR FORM NG ETCHI NG PROTECTI VE
LAYER Technical field The present invention relates to an etching nethod
of a substrate, etching resistance of which is inproved using an etching
mask made of a resist, and a conposition for form ng an etchirgg pNobgsti on
| ayer used therefor. Mire in detail, the present invention relates to an
etching resistance inproving nethod of an etching mask that is used in
manuf acture of a sem conductor device, formation of a liquid crysta

di spl ayEdeii¥e METHOD AYRi €O¥FQETAION EPBpIRMINCBY CBaNe| ERMEHIIaET LACERT a
circuit substrate such as a thermal head, an etching treatnent nmethod of a
substrate using this etching mask, etching resistance of which is

inproverile gggcgl fﬂgﬂgsition for form ng an etching protection |ayer which
is used “for improving etching resistance of a resist pattern. Background
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circuit such as LSI, formation of a liquid crystal display device of a
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resi n/ qui none” di azi de conpound” having various formations 1 2 8 JUN 2005
formation of a liquid crystal display device of a liquid crystal
display (LCD) panel, manufacture of a circuit substrate such as a
thermal head, an etching treatment method of a substrate using this
etching mask, etching resistance of which is improved, and a

composition for forming an etching protection layer which is used

for improving etching resistance of a resist pattern.

Background art

In various fields including manufacture of a semiconductor
integrated circuit such as LSI, formation of a liquid crystal display
device of a liquid crystal display (LCD) panel, manufacture of a
circuit substrate such as a thermal head etc., photolithography
technology has so far been employed for forming microelements or
conducting fine processing. In the photolithography technology, a
positive or negative-working photoresist has been used to form a
resist pattern and a radiation sensitive resin composition containing
an alkali-soluble resin and a radiation sensitive resin composition
comprising a quinone diazide compound 1is well-known as a
positive-working photoresist. This composition is disclosed as

“Novolak resin/quinone diazide compound” having various formations




in many exam ned patent publications or unexam ned patent publications
such as Japanese exam ned patent publication No. Sho 54-23570 (US Patent
No. 3, 666, 473) and other technical literatures. This kind of photoresist
is applied on a silicon substrate, a substrate coated with a f lﬁ[ @5
metal such as al um num nolybdenum and chromumor a substrate co «g
with a filmof a nmetal oxide such as |1TO by the publicly known nethod such

as a spin coat method, a roll coat nethod, a |and coat nmethod, a spray
coat ne{Rhodnady di Px&RBtedret ntt 0 ﬁuﬂlmc%ttl'ah@ f ibkkm uaesiahmﬁ@da ht &t t
pattern etc. are irradiate using a radiation such as ultra-violet |ight
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a devel opnment  is conducted to forma resist pattern. Further a fine
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| i ght source which is effective for hi gh m croni zation is proposed and
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process using deep ultra violet light such as KrF exiner |aser (248 nm
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exposure light source. the |ight source is getting in the short
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source. These kinds of polynmer have the problens that™ they
is conducted to form a resist pattern. Further a fine processing can
be made by etching a substrate through this resist pattern as a mask.
In this etching process, a resist pattern that performs as a mask
requires a sufficient etching resistance.

On the other hand, micronization of wiring width and separation

width is further required in the production process recently as a
semiconductor device is being highly integrated. In order to respond
to this, a procéss using short wavelength light source which is
effective for a highmicronization is proposed and partially utilized
practically for a light exposure equipment, i.e. a process using deep
ultra violet light such as KrF eximer laser (248 nm) and ArF eximer
laser (193 nm), further X-ray and electron beams as exposure light
source. As the light source is getting in the short wavelength
tendency, the material with no absorption in wavelength region to
be applied is required for a composition of aforementioned photoresist
and, for example, the material such as a chemically amplified type
resist based on para-hydroxystyrene is taking a leading position for

KrF light source. These kinds of polymer have the problems that they



2 8 JUN 2005 have less etching resistance than the aforenenti oned novol ak
resin in general and require etching condition, particularly etching
selective ratio between a resist filmlayer and a | ayer to be §§Cp§§7 i.e.
optim zation of etching speed in each |ayer (to be slowed for i2P and
to be fast for an etched layer) and further a deterioration of a
pattern-transferred formafter etching takes place. Furthernore in order

to realize a mcronjzation, a nean to nmake the resist film thickness
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made manufacture of a sem conductor device nore difficult. Further, a
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by this diffused acid and the resist pattern is nade thicker by renoval of
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narrower as a result, to_realize the mcronization of resist pattern by
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havi ng a L%her resglutLon than the lim¢t of eﬁglﬁ}Lon so far known
practi(ﬁﬁq compound 1s 1ntroduced as a materlial which 1s transparent to

the wavelength used for exposure to 1light. These polymers were deemed
to be further low etching-resistant and made manufacture of a
semiconductor device more difficult.

Further, a method to make a resist pattern practically fine
using pattern forming equipment so far publicly known are studied.
For example in Japanese unexamined patent publicationNo. Hei 10-73927,
a process is described wherein a pattern is formed by the method so
far known using a radiation sensitive resin composition so far applied,
then a layer is applied on the resist pattern formed, acid generated
in a resist by heating and/or exposure to light or acid existing in
a resist is diffused into the aforementioned coated layer, the coated
layer is crosslinked or hardened by this diffused acid and the resist
pattern is made thicker by removal of uncrosslinked coated layer to
make the width between resist patterns narrower as a result, torealize
the micronization of resist pattern by decreasing separation size
or hole diameter and form a fine resist pattern having a higher

resolution than the limit of resolution so far known practically.




3 2 B JUN 2005 However, it is not nentioned in the patent publication to

i nprove an etching resistance of a resist. Under the circunstances

descri bed above, an object of the present invention is to offer a nethod
to improve etching resistance of a photoresist pattern that is28olifedlby
the nethod so far applied and a nethod to etch a substrate using the
resist pattern as an etching nask, the etching resistance of which is

i nproved. Disclosure of the Invention As a result of eager study and

exam natloeayetrheipresemt nemidmineds ihothd patent heukaf ioragnent itonedpobject
can be attained by formng additionally an etching protection |ayer having
et chi nganr 85FBag ceevrsrplotdr ésirtesigatt ern and reached to the present

[ tion. That is,. th ' ' | at t t chi t hod f
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etching protection layer on the resist pattern forned, an etching
protect pons lyebrekich psttdsokubliei s FAVBYORRS metdBHALHI MY Wabeieln the
interface between the conmposition for formng an etching protection |ayer
and t heaplict neelsos ttodeisch Bt sthrave, us Tembotienge diecessary again etohlheyg t han
an etching protection |ayer of the aforenentioned conposition for formng
an et chiagkprotectidning spsisppngededferbper tdnteRsa¥Rf wat er and etching a
substrate by using a resist pattern having aforenenti oned etching
protection |ayer thereon as a nmask. The present invention also relates to

a conpoE'E££g%#f) PTG AR 8Lghi ng protection |ayer used for .

aforenen%lone é%é%lng ne{ho% t%at is characterized in that it contains a

wat er - sol ubl ea®r a@ result of eager study and examination, the present
inventors found that the aforementioned object can be attained by
forming additionally an etching protection layer having etching
resistance on a photoresist pattern and reached to the present
invention.

That is, the present invention relates to an etching method
of a substrate which comprises steps of forming a resist pattern on
a substrate using a photoresist, applying a composition for forming
an etching protection layer on the resist pattern formed, forming
an etching protection layer which 1is insoluble in a developer
containing water in the interface between the composition for forming
an etching protection layer and the photoresist described above,
removing unnecessary parts other than an etching protection layer
of the aforementioned composition for forming an etching protection
layer by a developer containing water and etching a substrate by using
a resist pattern having aforementioned etching protection layer
thereon as a mask.
The present invention also relates to a composition for forming

an etching protection layer used for aforementioned etching method

that is characterized in that it contains a water-soluble or a



4 2 8 JUN 2005 water-dispersible resin, a crosslinking agent and water as
a solvent and/or a water-soluble organic solvent. Hereinafter, the present
invention will be described in nore detail. In the etching ne?ZPs ﬁf #he
present invention, a resist pattern which consists of a photofes B ZP | m
is formed on a substrate. Methods to formthe resist pattern and materials
used in these nethods such as a photoresist, a devel oper, etc. nay be
anything, by which a resist pattern consisting of a photoresist can be
formed BAtAr sYbeEILle AeSANpHOCEPESL SRKIRGEISEr @NEXERSIT 3F SdSPOEERT ve or

negative-workin hot oresi.sts whi ch haye been used so far to forma resist
patter n?™f 3t EXHHpiE H O§F9FBHCCBH%Y?%?ng al kal i -sol ubl e resin such as

a novol ak resji p ogquj di.azi p sensitizen of .

chem cally asrr% |%ﬂﬁejadfacté}geQ%%spg%ggggrlg{ﬁggﬁtnap%g %%eds%é%ﬁbte%elﬁc en cal | y
anplifigg:-iype photoresist, a lot of positive-working conpositions are
known such as a conposition conprising a conbination of a polyner

consi sti ng of Ipohgdragsheytient ofrudteect esemt tthvent boh pxywossbmpbt geonp and
a photo acid generator (H Itoh, C G WIllson: Polym Eng. Sci., 23, 1012
(1983) vhidecpasiptedf pbhotarepbylati v wokkimRy ehentwraisaterpl Yetheds ype
phot oresi st can be exenplified with a conpositiaon,conprisin
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inferior in etching resistance usually to a negative-working chemcally
anpl i f i at plpet phod DstesithereTdre ekelphif i esipslsdandeeadr hkgat pos+tvoveingr ki ng
chemcally anplified Ly%e phot oresi st can be .

photoresists which have been used so far to form a resist pattern,

for example a composition comprising alkali-soluble resin such as

a novolak resin and a naphthoquinone diazide photosensitizer or a

chemically amplified type resist as representative ones. In the

chemically amplified type photoresist, a lot of positive-working

compositions are known such as a composition comprising a combination

of a polymer consisting of polyhydroxystyrene protected with t-

butoxycarbonyl group and a photo acid generator (H. Itoh, C. G.

Willson: Polym. Eng. Sci., 23, 1012 (1983) to be referred) etc. A

negative-working chemically amplified type photoresist can be

exemplified with a composition comprising an alkali-soluble resin,

hexamethoxy melamine as a crosslinking agent and a photo acid

generator (W. E. Feely, J. C. Imhof, C. M. Stein, T. A. Fisher, M.

W. Legenza: Polym. Eng. Sci.,26, 1101 (1986) tobe referred). Of these,

a positive-working chemically amplified type photoresist is inferior

in etching resistance usually to a negative-~working chemically

amplified type photoresist. The etching resistance of the

positive-working chemically amplified type photoresist can be

favorably improved by the present invention. The film thickness of




favorably inproved by the present invention. The filmthickness of 5 2 8
JUN 2005 a photoresist is usually nade to be 0.3 to 1.0 pmor like as a
resist pattern obtained after devel opment may be suitably res S}

etching in an etching process. In order to forma resist patte?(r)ldﬂl\%mzqﬁafs
made of a photoresist filmon a substrate, a photoresist is applied by the
publicly known nethod such as a spin coat nethod, a roll coat nethod, a

| and coat nethod, a spray coat nethod, a dip-coat nethod, etc. on a

si |l i cona phulistreatie thayivuspadptly nadélyo des? | 3 donlokiwhe ofri Livkeras herssirdtace, a
substrate coated with a filmof a_netal such as al um num nolybdenum and
chr oni uPFtEERUERYHNE T Gited WaRLaPrERf BRYabfefaf Lokl HeT s8RANSHE B0 and

a substrate. on which %Cﬁi.rcuit Eattern or a sem conductor device is
addi t i oRRFMY'S orhéd 5 SR REPRFRS phot oresist film the coated filmis
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about 1 m nut necessary, t rculrt pattern-wse irradiation or the
li ke i sfreondiicheguporthes r espabtbiréBist PUEh1 dclBSK FTHY pa¥ResUyEdsl | ght
such as a reticle. As the light source used for exposure to light, any

i ght soeirloeds steoh be assdinfcoat pleathodesestolhowdthenesdosi, t Bvi &yd taodthe
light. Utra violet light such as g-line, i-line, deep ultra violet |ight
such ad"§PdxinsEPrayasept| nghhodarF @gmraatl seshodi ghEC- XoRay, S on
beans, etc. can _be.raised, as | i ght exposur e, sour.ce esist _film
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devel opnent exanpl e, baking tenperature: _ orm d
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devel op the used photoresist. A devel oper consisting of an alkaline

aqueousassdiTot aod 4 substiabty wsethiich &hel wase psthgrm or a semiconductor
device is additionally formed to form a thin photoresist film, the
‘coated film is baked (for example, baking temperature of 70 to 140°C
and baking time of about 1 minute) if necessary, then circuit
pattern-wise irradiation or the like is conducted to the resist film
through a mask for exposure to light such as a reticle. As the light
source used for exposure to light, any light sources can be used if
a photoresist show the sensitivity to the light. Ultra violet light
such as g-line, i-line, deep ultra violet light such as KrF eximer
laser light, ArF eximer laser light, X-ray, electron beams, etc. can
be raised as a 1light exposure source. A resist film exposed to light
is post-exposure-baked (PEB), if necessary (for example, baking
temperature: 50 to 140°C), developed, and optionally baked after
development (for example, baking temperature: 60 to 120°C), to form
a resist pattern. As a developer, any developer can be applied which
can develop the used photoresist. A developer consisting of an
alkaline aqueous solution 1is usually used in the case using a
photoresist comprising an alkali-soluble resin and a naphthoguinone

diazide photosensitizer or a chemically amplified resist as a



phot oresi st conprising an al kali-soluble resin and a napht hoqui none

di azi de photosensitizer or a chemcally anplified resist as a 6 2 8 JUN
2005 photoresist. Furthernore, as a devel opi ng nmethod, any neRodukamsbe
adopted which is used for a devel opnent of a photoresist so far applied
such as a paddl e devel opnent. A conposition for formng an etching
protection layer is applied on the substrate having a resist pattern
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o oo Tt B e B8Rk e Rl e o S Ay e FRBS . >°
a di t I : d

Do Y oabotE tfen 18 610 3831 fBLOO0mEn B PRG0N oL T8 e 5 CopLlegr der

cont ai nigh ARtLpddylan defebpacatbet ween said conposition for formng an
etching protection |layer and the resist, the resist pattern and the

conposi ti on flcohposingorafoetfichimiggmroeechinmplrayect aor lhgatreits applidder eby
a crosslinked layer is formed in a filmfor formng an etching protection
| ayer @il gHBOSUWRGtwiete PRB1IRGS? steyiatt dattans AareeEhimEudr oegct i D% 4 ayer

is formed. This formation of the etchin rotection ayer be
ConductatEtgE MBLiDy e EByS OIS ity S5y REFTh 30y S’ GBRIGER TRER for
formn 19 prot i e i i Si_0 ing from
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i nvention conprises at [east a water-sol uble or wat er -di spersible resin, a
cr ossl igdnihqagenteantdomdbgerandiadr 1a insatleblea ubldeverlggeirccsotyamtnand
one whi ch does not dissolve a resist pattern when coated thereon is used.
As sai d'afieinsyl dBEerpce Reteeedi Pt sopprest bipm fegnposnig ancougvid i on

for TormagaoS shog ALy cehLondaver ARy Rubliel, knomy, ong ean, be

composition for forming an etching protection layer are heated up.
Thereby a crosslinked layer is formed in a film for forming an etching
protection layer neighboring with the resist pattern and an etching
protection layer is formed. This formation of the etching protection
layer may be conducted, for example, by crosslinking or hardening
a composition for forming an etching protection layer by acid
diffusion through heating from a photoresist to a film for forming
an etching protection layer.

| A composition for forming an etching protection layer used in
the present invention comprises at least a water-soluble or
water-dispersible resin, a crosslinking agent and water and/or a
water-soluble organic solvent and one which does not dissolve a resist
pattern when coated thereon is used. As said water-soluble or
water—dispersible resin composing a composition for forming an
etching protection layer, any publicly known one can be applied if
it is a water-soluble or water-dispersible resin. For example, a
homopolymer or a copolymer is raised which is formed by homo- or

co—polymerizingatleastonenmnomercomponentselectedfromthegroup




it is a water-soluble or water-dispersible resin. For exanple, a

honmopol ynmer or a copolyner is raised which is fornmed by hono- or

co-pol ymeri zing at | east one nononer conponent sel ected fron1;?§aﬁéfu 7 2
8 JUN 2005 consisting of acrylic acid, nethacrylic acid, vin 05
vinyl alcohol, ethylene imne, ethylene oxide, styrene, a styrene
derivative such as hydroxystyrene, a polycyclic aromatic vinyl conpound, a
het erocyclic vinyl conmpound, vinyl amne, allyl am ne, vinyl methyl ether,
and et hyl ene gl ycol, wat er - sol ubl e_novol ak resin, .a ywater-soluble resin
Cont ai N ng S TGRS o F RS Oh ek BEEPS S s BEHE RS et dim]
vat er - sol ubl @HHea efifificle AhiRkkYddiRAlRe s(%&ifdgpeaggﬁ%negtca thgsg gy be
used singly or in a mxture of two or nore kinds. Aresin produced using a
nononer halemiyasthvar eoahi esr hpgratystgrhaé pr acypol yaydliieg aasmat io noimgrl
conponent is favorably used as a water-soluble or water-dispersible resin
used for £IBPBYT t # oRCTBOCYESEF g Yan cerppiry pVépekti on | ayer froma view

poi nt of i %%vi%qéyﬁnaggégvrg%ﬁt S%%&§QMSF%$ therﬁ{gﬁﬁgaﬁéggs?%%é¥m s an

er a .
exanpl e of €se ef erabl’e resins, =Solu i'Spgersible

resin  conpites-pe1 @b XORRvNIBL Adsidl, lae@stepNELINBNENREs S| RHkcadnifMr he
group consisting of acrylic acid, nethacrylic acid, vinyl acetal, vinyl
al cohol , vixagblpye ggbhdoneiaterhydeid eimelegiinaalesin, antater-delubinytea ani ne,

al |yl anine,.nethacr%& am ne an V|n¥é_neth%I e% er and gt | east _aqne
monorer séi€cted Ad _flhreesdf“oﬁ}f R 9% S5F * stPFERAAYaRPe Y ReRILY
derivativey anpQl ¥EMGIHC ol BRI Cm¥EAYLi fepound, a heterocyclic vinyl
conpound, a water-sol uble novol ak resin, etc. can be raised. As the
styrene deri vat Rveeslies profecedhsieg aythmonest yaweing, andanstdhilcstryne e,
4- et hyl styrene, gfisqpropylshyrene, 4- )
a heterocyclic ring as a monomer component is favorably used as a
water-soluble or water-dispersible resin used for a composition for
forming an etching protection layér from a view point of improving
an etching resistance in the present invention. As an example of these
preferable resins, a water-soluble or water-dispersible resin
comprising a copolymer of at least one monomer selected from the group
consisting of acrylic acid, methacrylic acid, vinyl acetal, vinyl
alcohol, vinyl pyrrolidone, ethylene imine, maleic anhydride, vinyl
amine, allyl amine, methacryl amine and vinyl methyl ether and at
least one monomer selected from the group consisting of styrene, a
styrene derivative, a polycyclic aromatic wvinyl compound, a
heterocyclic vinyl compound, a water-soluble novolak resin, etc. can
be raised.

As the styrene derivative described above, hydroxystyrene,
4-methylstyrene, 4-ethylstyrene, p-isopropylstyrene, 4-
butylstyrene, 4-hexylstyrene, 4-methoxystyrene, 4-ethoxystyrene,
4-propoxystyrene, 4-butoxystyrene, 4-butoxymethylstyrene, 4-
butoxycarbonylstyrene, 2, 5-dimethylstyrene, 2,4,5-trimethylstyrene,

4-phenylstyrene, 4-fluorostyrene, 2,5-difluorostyrene, 2,4~



butyl styrene, 4-hexylstyrene, 4-nethoxystyrene, 4-ethoxystyrene,

4- propoxystyrene, 4-butoxystyrene, 4-butoxynethylstyrene, 4- butoxycarbonyl
styrene, 2, 5-dinethyl styrene, 2,4,5-trinmethylstyrene, 4-phenylstyrene,
4-fluorostyrene, 2,5-difluorostyrene, 2,4- 8 2 8 JUN 2005 difﬁdbﬂ@gﬂﬁﬁene,
o-chl orostyrene, 4-acetyl styrene, 4-bezoylstyrene, 4-bronostyrene,

am nostyrene, vinyl benzoic acid, vinyl benzoic esters, etc. are raised.
In the styrene derivative, a -nethylstyrene and its derivatives are al so

i ncl udedifOmotdrt otdrer, dradhll o prd yymesia, cd aaortatlist wiemyl, Ldrpomyids yaeee,
exenplified as representative ones with vinyl naphthal ene, vinyl alkyl
napht haf RECTRF tEASht MRIARE YRANSY | EINKA  Beranisceteldni wityl phenant dir ene,
vinyl tetracene, vinyl rene, etc. and those conpqunds but. replaced vinyl
gr olip WPEHET SoBEGpdthA T otp:  Ra EHR A ESHa Gy (T PRYRY CORBETIRIS af e

exenpl i figd; wi th Nodnylcarbazah 5o Navipylpyrrolidone, 1-vinylimdazol, 4-

or 2-vinylpyridine, 1- vinyl-2-pyrrolidone, Nvinyl |actam etc. and those

conpounds buton viny | otGieihadiri,NnpoIgRlvaged wrbRat$6ptoREDYEoE SRS These

wat er - sol ubl e or water-dispersible resins may be used singly or in a

m xt ur eexdémp it iovd oy ecdpneckentRiivee cmese watihn xttoyé nephahaleast wihweyXki nd

sel ected fromthese resins and at |east one kind selected fromthe group

of a watbfykglamtdadesen Ry hidiiyaaencox¥2pYi el rlo@pthaaggner - 5 bl e
urea,. resin, an al ky u de is

ol cod BRSO rt i K BHE T TReCe T o0 A TR s Ghacre i Tt SPBRYATY ¢
om0l SEDRERAY B oSl YRRl Portethstante
even tHOUHb BfQvicddednt;or céfieo @iy & rRUe RESE1 B NE® Wiy Nat en (Reer et & -
sol ubl e or water-dispersible.
N-vinylpyrrolidone, 1-vinylimidazol, 4~ or 2-vinylpyridine, 1-
vinyl-2-pyrrolidone, N-vinyl lactam, etc. and those compounds but
vinyl group being replaced with isopropenyl group.

These water-soluble or water-dispersible resins may be used
singly or in a mixture of two or more kinds. Furthermore a mixture
of at least one kind selected from these resins and at least one kind
selected from the group of a water-soluble resin containing an
oxazoline group, a water-solublemelamine resin, a water-soluble urea
resin, an alkyd resin, sulfonamide is raised as a favorable one.

These resins having aromatic or heterocyclic rings have
rigidity required for an improvement of etching resistance besides
they are developable with water or water-~soluble organic solvent even
though provided for the above purpose since they are\made water-
soluble or water-dispersible.

And then the molecular weight of water-soluble or water-
dispersible resins is preferably 1,000 to 10,000 by weight average
molecular weight, more preferably 2,000 to 5,000. The stability of

a coated film depending on time 1is deteriorated besides 1its

coatability is deteriorated and then it is getting difficult to obtain



And then the nol ecul ar weight of water-soluble or water- dispersible resins
is preferably 1,000 to 10,000 by wei ght average nvolecul ar weight, nore
preferably 2,000 to 5,000. The stability of a coated film depgndi
time is deteriorated besides its coatability is deteriorated &ﬁdJH£QW5it
is getting difficult to obtain 9 2 8 JUN 2005 a honogeneous coating film
if the nolecular weight is less than 1, 000 and the stringy phenonenon
t akes pl ace or honbgeneous coating film cannot be obtained with a small
amount ef hoteppigwugrantihy [ilacef dheemobscnlas wadghspl £adsentlaart @500
surface if the nol ecul ar weight exceeds 10,000. As a crosslinking agent
used i naadcohpostximgy frrenomenngtakes ml@tﬂm@rphgm@@emws; apatiol them
present inventjon, there can be raised alkoxyal kylated am no resins such

as al ko£FaPRY| 4E eBRER BV s ignsmald) RBRYAF k9f a‘f”é%PQ)’é}gzc?gﬁé’ﬁéWnél%gl ns,

al koxyal ! aled, urea fesips.q bosides | ow Ipl ecul ar nelapine, gyanamne and
urea derlva |ves egse"a oxyalky a A 10 T 651 [s- can b e “exenp I"ed

with methaxygei iybodel am ne resins, ethoxynethyl mel am ne resins,
propoxynet hyl nel am ne resins, butoxynethyl mel am ne resins, ethoxynethyl

benzoguanam n@s rssamsslrmimMyagéhyluwceam @sSkbfipos et hex yfmt Fyrmihgaan
resins, propoxynethyl urea resins, butoxynethyl urea resins, etc. Low
mol ecul etchehaminedecgdanaldyre ahdhermmee satdr i veentes atbeeg eapl bd redsaidt h
met hoxynet hyl nel am ne,  ethoxynethyl nelam ne,_ propoxynethyl nelan ne,
butoxynéﬂK?FYa%%Y%%¥%%amh€§éﬁ§ﬂﬁ§F%F*h%ﬁé%#ﬂéyaégﬁ% H%%?%bner651nsr

benzogua?%nlne éégylbenzo uananlne nnnoneﬁgﬁlol %%nethylolurea

alkoxyn% yf%%lk% %%ng W%Pﬁy?eﬁ%{ﬂ} ﬁy? ure@tﬁy?eﬁ% urea
car boxyhLg; acs di offt %ol@@ﬁ%gr%@%}nhﬂg' NguaAsHt Se CQHd Q?eHS%@r%QQWeQV ina

m xture of two or nore kinds and ncorporate

These alkoxyalkylated amino resins can Dbe exemplified with
methoxymethyl melamine resins, ethoxymethyl melamine resins,
propoxymethyl melamine resins, butoxymethyl melamine resins,
ethoxymethyl benzoguanamine resins, methoxymethyl urea resins,
ethoxymethyl urea resins, propoxymethyl urea resins, butoxymethyl
urea resins, etc. Low molecular melamine, guanamine and urea
derivatives are exemplified with methoxymethyl melamine,
ethoxymethyl melamine, propoxymethyl melamine, butoxymethyl
melamine, hexamethylol melamine, acetoguanamine, benzoguanamine,
methylbenzoguanamine, monomethylolurea, dimethylolurea,
alkoxymethylene wurea, N-alkoxymethylene wurea, ethylene urea,
ethylene urea carboxylic acid, etc. These crosslinking agents can
be used singly or in a mixture of two or more kinds and the incorporated
quantity thereof is 1 to 70 parts by weight, preferably 10 to 50 parts
by weight relative to 100 parts by weight of a water-soluble or

water-dispersible resin.
Surfactants may be added in a composition for forming an etching

protection layer of the present invention in order to improve its

coatability. Acetylene alcohol, acetylene glycol, polyethoxylate of
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quantity thereof is 1 to 70 parts by weight, preferably 10 to 50 parts by
wei ght relative to 100 parts by weight of a water-soluble or

wat er - di spersible resin. Surfactants nay be added in a conpos§ ion for
forming an etching protection layer of the present invention®Pn/Btd® to
inprove its coatability. Acetylene al cohol, acetylene glycol,

pol yet hoxylate of 10 2 8 JUN 2005 acetyl ene al cohol, pol yethoxyl ate of
acetylene glycol, etc. can be exenplified as exanples of the surfactant.

Af or eneacebnegnaceigdherie palyehbbxplate arfylacedydepeotlreml betexemphibe ed by
3-nmethyl -1- butyne-3-ol, 3-nethyl-I|-pentyne-3-ol, ,

, 6- di nB¥RPPL UL iRA ¢ pmpled of the surfachant-anBt AFPISD AR gV ipRe

, 5-di e | -1 - hexyne-3-ol , 2,5-dinethyl-3-hexyne-2, 5-diol

S naboriol sttt QdEel b e B 3smaterigty o
n-a mﬁﬁt‘%ﬁe—?-folt,V‘DB%e rf—ﬂﬁ&&#ﬁ@ﬁ%fl,a@' 418 n|dAEQAPALRLEYnGUENELLY 'S
0 to 2,000 ppm nore pretferably 100 to 1,000 ppmin a conposition’for

f or m nggasl gt chbng, pr ot est tanedraylers-efedyhe -ar esandlj nvent, coAim¥aher-f-or

di ssol ving or dispersing a conposition for formng an etching protection

| ayer ofexyreepiesiont iZnvwertimonhyhy3nbexpeetd M-tdidl,par i, bubameyylf2i%-is

wat er. Water fromwhich organic inpurities and netal ions are renoved by
di sti | | 2exanedioh §§€ha@”@ster%‘é¥ﬁ%?ﬁa}nt% FRE L& 1ofC SREGLMEM 1@ PaFFER ki nd

of absorption treatnent,.etc. i referahl e. Furthernore a wat.er.sol uble
or gani c® JVV%ﬁF'W8§g§gjgg%&%e5882t%%$ l'%HjﬁﬁFgPrS?ﬁ?r%P%Rt¥$$ﬁﬁb?ﬁgto
coatabiji RIS A fier 1fher mi,n e [ r Lop: Lay
Vﬂter-s%1% ?g&ggganlc %gﬁ#egﬁgggnég%ngF %é%PPnFPedmgagt?%ﬁ?g%?€l#€-?§ris
di ssol vesrmingvaireret ddyng. briveeablioft Diyedres @ grikeatcanvbatexgopl i fied

al cohol s such as nethyl alcohol, ethyl alcohol, isopropyl alcohol, etc.,
ket ones Water for dissolving or dispersing a composition for forming

O~ NwWww

an etching protection layer of the present invention may not be limited
particularly if it is water. Water from which organic impurities and
metal ions are removed by distillation, ion exchange treatment,
filtration treatment, a various kind of absorption treatment, etc.
is preferable.

Furthermore a water-soluble organic solvent may be used
together with water aiming at improving coatability of a composition
for forming an etching protection layer. Water-soluble organic
solvents may not be limited particularly if it is dissolved in water
by 0.1 weight % or more, and there can be exemplified alcohols such
as methyl alcohol, ethyl alcohol, isopropyl alcohol, etc., ketones
such as acetone, methylethylketone, 2-heptanone, cyclohexanone, etc.,
esters such as methyl acetate, ethyl acetate, etc., ethylene glycol
monoalkyl ethers such as ethylene glycol monomethyl ether, ethylene
glycol monoethyl ether, etc., ethylene glycol monoalkyl ether
acetates such as ethylene glycol monomethyl ether acetate, ethylene
glycol monoethyl ether acetate, etc., propylene glycol monoalkyl

ethers such as propylene glycol monomethyl ether, propylene glycol
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such as acetone, nethylethyl ket one, 2-heptanone, cycl ohexanone, etc.,
esters such as nethyl acetate, ethyl acetate, etc., ethylene glycol

nonoal kyl ethers such as ethyl ene glycol nonomethyl ether, et Egﬂﬁhﬂﬂéycol
nonoet hyl ether, etc., ethylene glycol nonoal kyl ether acetat S

et hyl ene gl ycol nonomethyl ether acetate, ethylene glycol nonoethyl ether
acetate, etc., propylene glycol nonoal kyl ethers such as propyl ene gl ycol
nononet hyl ether, propylene glycol 11 2 8 JUN 2005 nonoethyl ether, etc.,
pr opyl efengeleyl ef‘?@ﬁéal%ﬂ- ePREPY kieq gl BSOL TORC2AKY pradiiAredies b frsopuch

thyl eth tate, I I I thyl eth t tc.,
'acti ¢ 851 EROLYaEReag eChy M ety Sk Reciaty, ereoyl&fonatreol ¢
hydro?%@ﬁ@?tﬁgf%t%_% tQlyeng,, )éwce.’r,]el?c%&est@%%qﬁ:kfgghné?t% 1 lactate
N, N- di net hyl acet oam de, N nethylpyfrolidone, etc., |actones such as ¥y

-but yr Ob@ﬁgpmﬁact@tfé-, and. 5 e iAVBLdratEAHe) $ stebhads: dRidhd, al,cehs)]
et hyl al cohol and isopropyl alcohol, ethylene glycol nononethyl ether,

et hyl | attat eamaiwk Nudietasy Np W-ddhe tibpkaeseoamidsed Nasefthydpglat-el bdese, These
solvents can be used singly or in a mxture of two or nore kinds. Further
in the etase hhetenas svgante sorbetyralsmtaen ditssolad osp yoman Lower

| i nked terial f ' t.chi tecti | but t
(i Ssol vt CSh7 LR FRERGR FEF RY LA LS dn S LOraEs PaRal %55 LHG-reant coesl vent
] t CorsE | gai
oot oot Fon 130er OTRoer der Lo Poi Ay an S EAl no CoPStect en dayer ThOL HE

i nterf aﬁ@th?@é%ﬁ%li&idrﬁsbi_b Paid&d Rsangvéhep B dherenttiones scareasktéan for
form ng an etching protection |ayer, a coated resist pattern is heated

after cobatusegy aiagiposr tiroa hortioe mhgwanoetmchiengipdet eciumrhdrayarthen a
resist pattern. Thereby an acid is, for exanple, diffused from a resist
pat t er nC& 8 e TeHH OSTENGA FVYV IO HPRY @R SN pRéverh bbRrosslinked

material for forming an etching protection layer but not dissolve
a resist pattern, a solvent constituted by only organic solvent can
be used as a solvent for a composition for forming an etching
protection layer.

In order to form an etching protection layer in the interface
between a resist pattern and the aforementioned composition for
forming an etching protection layer, a coated resist pattern is heated
after coating a composition for forming an etching protection layer
on a resist pattern. Thereby an acid is, for example, diffused from
a resist pattern to the composition for forming an etching protection
layer, a crosslinking agent is activated by the function of this acid,
the composition for forming an etching protection layer neighboring
to the resist pattern is crosslinked or hardened, and an etching
protection layer which is insoluble in a developer containing water
and is excellent in etching resistance is formed. Acid in the resist
patternmay be generated by heating and/or exposing to light the resist
pattern, or it may be contained in the resist pattern by treating

the resist pattern with an acid solution. Existence of acid in the
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| ayer, a crosslinking agent is activated by the function of this acid, the
conposition for formng an etching protection |ayer neighboring to the
resist pattern is crosslinked or hardened, and an etching pr%%f%gkqﬂplayer
which is insoluble in a devel oper containing water and is excel I'ent™Tn
etching resistance is forned. Acid in the resist pattern nmay be generated
by heating and/or exposing to light the resist pattern, or it may be

tained in th i st tt t, ti th I, St tt it
el d Softtt O, MBA-EEEncBRal el #UATRE 15 AIURDBOSPPhel ST terl

be attaj { | l, n | C bk I
For m ng e ot e RS sa g er o et &S et dn PRbrsq By Lo
devel opes gesEspENtdnd anghdveN /N 4 %&@l@@e@%&bbéﬁﬁ@ﬁtﬁ@ sh&htiéh an
protection |ayer on a resist pattern is fornmed. A devel oper which is used
f or devet cpimy ma skohposng iaon etohingop o tnecaioreflale ngopreotrestiisanpd ayern may
be anyone which has a sufficient solubility needed for dissolving and
renovi ngs t fermed .or enent i oned uncrosslinked conmposition for formng an
etching protection |ayer bg% whi ch ca&not disiolve and renove t he
crosslinked “prt&chIReaT "AVED. TPhiusedeteFofeV i AR tde? GRIRPSHI1A nfK ur e
of wate nd. alco . S|C aanol i ropa r gani 1.n such
as trié?ﬁ?ﬁgﬁ%nég %?ggﬁﬁg §§?§88§2§€51$§%% gggfé%$a%§%%@ a%ﬁéﬁﬁu%g%sa t. O
these, watefcait asBiybuler Of nerliey angralGehelsiage arnt eireibedngVatiy to
be used for a developer may not be limted particularly if it iS water.
And wataefoferemtvilonsldl anganise liimyedi tdoeposittbal floans camvd nohlaor | eétech oy ar e
removed by distillation, ion exchange treatnent, filtration treatnment, a
var i ousPIQERE tgforabapepousrvhigiegehpat disselvesanst seepyedhd erosshivfed r ed

that a trsalient for . a nomvel, T IIPHIIELES G dese'] Red B00vS I o,

n
may

and alcohols such as ethanol and isopropanol, organic amines such
as triethylamine, organic amine salts such as tetramethylammonium
salt. Of these, water and a mixture of water and alcohols are
preferred. Water to be used for a developer may not be limited
particularly if it iswater. Andwater fromwhich organic impurities,
metal ions and chlorine ion are removed by distillation, ion exchange
treatment, filtration treatment, a various kind of absorption
treatment, etc. is preferred. It is preferred that a treatment for
a removal of impurities as described above is conducted for a developer
itself and then one containing no solid substance of quarter micron
size or more is used as a developer for developing a composition for
forming an etching protection layer.

Development of a composition for forming an etching protection
layer can be made in the same way as a development method for a
photoresist and by use of same developing equipment so far applied
upon a development of a photoresist in the present invention. Usually
the development treatment is made using a development nozzle such

as a soft ifnpact nozzle etc. by the method such as a paddle development
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itself and then one containing no solid substance of quarter mcron size
or nore is used as a devel oper for developing a conposition for formng an
etching protection | ayer. Devel opnent of a conposition for form ng an
etching protection |ayer can be nade in the sane way as a deVe} Qpiemts

met hod for a photoresist and by use of sane devel opi ng equi pnent so far
applied wupon a devel opnent of a photoresist in the present invention.
-Usual |y the devel opnent treatnment is made using a devel opnent nozzl e such
as a soft inpact nozzle etc. by the nethod such as a paddl e devel opnent 13

2 8 JUN 200b aOkhawshoueveIprehepnend , tAesl aheinsind NSHeA8médeats®nthd or t he
photoresist is taken using pure water. In this stage, rinsing my be nade
wi th a ri nphekpresdgitdisvtiakieni esindepurewaberaddint thhs ¢ftagec tigisdngsiah as

et hanol and i sqpropanol, organi c.am nes .such as triet anmine, . organic

i e sal t £° ER0R "R Ar e b e S ey o b el 9% OF ageBhdf
baki ng tregispas eﬂﬁé{n@faﬁ@%o;%fbﬁ&'hgﬂ or8ah EIRYEndBhEh ad Pridifyligaisd, Mask
after devel opnent or rinsing treatnent. "Etching is nade using the resist

patt ern t hatgars.cf amimesl siad ts lenchway tdésame thylahovmiwas sal traskpurkswatemrt chi ng
met hod, there are two nethods, that is, a dry etching nethod and a wet

et chi ng mefWodRerPATe bRking EReatPanit REY P eGalt yoR45H! FRFIMEY e aF it i on
of a finery, t%Qis{rh’}neérJgfagEXr ﬁe&{éh%ﬁm{%ﬁa?}dnﬁéﬁ@ Qgeﬁﬁn&&nduc" ed using

reactive gas pl asna. ore a i sTpuf on the resist mask
when the dry et @hchiing S sCoadiiaseny thiowsdktas terat titnds foemed ianthe
protection layer is installed on the resist mask in the resent invention,
a reduct i offbAeFEEkPe i3hevenae in &3k sAg ppteichingJugthed . athRyisd apat B n

transfer ilﬁetﬁgﬂ? AL bg, 900d, LGS A RSA%H Da 2Ot BEBFme B, "Rle fOr

practicing t Aventi on
dry etching method 1is usually applied for a formation of a finer

pattern. 1In the dry etching method, etching is conducted using
reactive gas plasma. Therefore a lot of load is put on the resist
mask when the dry etching is conducted. However as an etching
.resistant protection layer is installed on the resist mask in the
present invention, a reduction of mask f£ilm thickness is a little
besides a good pattern transfer is made and the good fine processing

can be made.

Best mode for practicing the Invention

The present invention will now be described more specifically
by reference to Examples which, however, are not to be construed to
limit the present invention in any way.
Reference Example 1
(Formation of a resist pattern)

A positive-working photoresist produced by Clariant JapanK.K.,
AZ 7900 (i-line resist)("AZ" is é registered trademark.) was coated
on a 6 inch-silicon wafer having a oxidized f£ilm of 1 pm in thickness

thereon and treated with HMDS, by a spin coater produced by Lithotech
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The present invention will now be described nore specifically by reference
to Exanpl es which, however, are not to be construed to |imt the present
invention in any way. Reference Exanple 1 (Formation of a resist pattern) A
posi ti ve-wor ki ngphot oresi st produced by C ariant Japan K K.,

(i-line resist) ("AZ" is a registered trademark.) was coated on a 6
inch-silicon wafer having a oxidized filmof 1 pmin thickness thereon and
treated with HVDS, by a spin coater produced by Lithotech 14 2 8 JUN 21105
Japan Clapan ARC ,ULARVMNITIMA - I .coadhedcdidd enlwvaberwatzesr praebpkeldaked 100C
for 60 seconds on a hot plate and was prepared to forma resist filmof 1
pmin t&f ckifess. fomheé K islegenAiscRAes shaoksP hales el wasi PEePRecdqtP phert & or

filmthick . t, duced b i-Ni S Co. (Lanbda, A
' Next TR bas chigbetd Tt BN HO MRS S o TPEppel AMVITGoR A8 1S8RTIRY
ctopw oo TR asbEng THeRERto R Pl ERlcipes RakE2BhEnr ROy g

space pgii-Nipin ScBedtoW didhbdiNec&XPOREdt Sitl wL£08x¥6d &4 twas: sifgat ed
on a hot plate at .100C for 90 seconds. This was devel oped with an alkali

devel operstgpmatced ibyy C-athant3d4apan) kKetbosié QAN EnBelel(ppeducad 38/
wei ght % t etranmethyl ammoni um hydroxi de aqueous sol ution) under the
condi t iikomtCRICNSRoL 7D SEBaulNB=0y> phdelf esthmrdlseprbangivgobhai axROPOE ti ve

ayer) S BoraRE Be et EBLa B ot Wi ArEbabaee RBEFEFhow n 1 % o

Filtrarst ohr ongh B rirr oot i Sabh et et R BIPR T BPaPy e

et chi ng gy et €y 80 La¥6hds. This was developed with an alkali developer
produced by Clariant Japan K.K., AZ 300MIF Developer (2.38 weight %
tetramethylammonium hydroxide aqueous solution) under the condition

at 23°C, for 1 minute by paddle development to obtain a positive

pattern.

(Preparation of Composition A for forming etching protection layer)

Each component described below was mixed at the following ratio,
stirred substantially, and dissolved. After that the composition was
filtrated through 0.2 pm filter to prepare a composition A for forming

an etching protection layer.

Component arts weigh
Poly(vinyl alcohol) | 2.0
Methoxymethylated melamine 0.5
2-propanol 2.5
Pure water 95.0

(Formation of an etching protection layer)
The composition A for forming an etching protection layer was

coated on the positive-~working line and space pattern which was
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Component parts by weight Poly(vinyl alcohol) 2.0 Methoxynethyl at ed
nmelamne 0.5 2-propanol 2.5 Pure water 95.0 (Formation of an etching
protection |ayer) The conmposition A for form ng an etching protection |ayer
was coated on the positive-working |ine and space pattern whi 18 Vi 20085 2
8 JUN 2005 obtained as described above by spin coater produced by
Lithotech Japan Co. (LT-1000) , prebaked at 85C for 70 seconds on a hot
plate taq.pr re talni i Lm of i n thick romthe
ormos! CHETEa=s BPaehosd SRl Ry B st ot B REP RBr B o
coated desih- RRd)er Pra@skhaked e 43P0 Ve ARAsSEEANE O de BBt RIALS to
facilitate crosslink reaction at the neighboring area of the conposition
for forrisngbasieishiangipnodet.ilopml By a@hicAhkes haxdd faomdeNel @pipRIyition
treatment was made using pure water under the condition at 23C for 1

m nut e tfemr desvdngnenossichikedparéachhdnt dapet ai Furtharyeyiel ribed dosgedubl e
| ayer of the coggosition for forningggn etching protection |layer on the

line andeSpatePpat e M2 Fhakeet fdr é1Baki For G SsCcrBAE RBs2 nfe RAateLI6e f or

120 sec n%§19@ ﬁ hoH: %ﬁﬁ? for dr%in : t(ﬁyaluatiog of.etchin% resi stance)

The pat t&FH W ERCar- SR pf 86Tt ?0n 2ayel® t REFEBRObDY R 1EFT a2l d&LEri bed

above wRsrphehingn! Fealaiminde l Bechondi bt daxgt hhed, bedowusing an

et cher NE-5000N produced by VAC Co. ahd the etching™ resistance of an

et chi ng dewsk opAsn € Vit dtainth thyakhea dle aisgasedut bividaas sndepmhé@fcdnidimion

t hi ckness after the etching treatnment [(the initial value of resist film

t hi ckness) 23°Cr éami himindti¢ ma herloves singfrbeslénkdd naed arahdca oddetiinonal

formof an oxidized filmof a substrate after etching ) _
crosslinked insoluble layer of the composition fo¥ forming an etching
protection layer on the line and space pattern. Furthermore baking

treatment was made at 110°C for 120 seconds on a hot plate for drying.

(Evaluation of etching resistance)

The pattern with an etching protection layer thereon obtained
as described above was etching-treated under the condition described
below using an etcher NE-5000N produced by ULVAC Co. and the etching
resistance of an etching mask was evaluated by the decreased thickness
(um) of filmthickness after the etching treatment [ (the initial value
of resist film thickness) - (remaining film thickness after etching)]
and a sectional form of an oxidized film of a substrate after etching
treatment. The results were shown in Table 1.

Etching condition

Rf power : 1000W (ISM)/300W (Bias)
Gas flow : CHF;/Ar=40/80sccm
Pressure : 0.7 Pa

Back helium temperature: -10°C

Etching time: 200 seconds
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treatnment. The results were shown in Table 1. Etching condition Rf power
1000W (I SM/300W (Bias) Gas flow : CHF3/Ar=40/80sccm Pressure : 0.7 Pa
Back heliumtenperature: -10C Etching time: 200 seconds 16 2 8 JUN 2005

Ref erence Exanple 2 A positive-working photoresist (KrF resi st% Cﬂwi %l ng
of the conposition described bel ow was coated on a 6 inch-sil @o VeZPB
having a oxidized filmof 1 pmin thickness thereon and treated with HMS,
by a spin coater (Mark 8) produced by Tokyo El ectron Co. The coated
silicon wafer is prebaked at 90 C for 60 seconds on a hot plate and was
prepar ed t (Réferemca Erammle 21 Il mof 0.7 pmin thickness. The filmthickness
was neasured with the equipnment for filmthickness neasurenment produced by
Dai - Ni ppon Scr e@nP@itivegwpaising photogesi st 1 (KrfaresdshdseapsigtingRE thei ng a
st epper hayi nm, exnasur.e vel engt h roduced.h n .
FPA3000EXSf:m@’:sé%ggsl TT%%/S srtlz%\‘/ivi gé?%"f\a‘{vr?gsi ﬁaatécgeone?pgs ﬁ?éhh%ﬁig%tc Fgw?%errough a

reticle fohavind B:akd z683GAmPé¢ 1AM inOfthibkAeB thetebn ahdietfsdtegesity | i con
waf er was heat-treated on a hot plate at 110C for 90 seconds. This was

devel oped W% &y alspdhi coatere(¥per 8jrphiveddbyy Tokyo ditectzpafok. Khe AZ
300 F Dovel o0 LA 38 rahfl 2ebSPIELIEAIION, s sl e cghsaue
i hydoxyst o e B e Lo P B, o e
film thickness was measured with the equipment for film thickness
measurement produced by Dai-Nippon Screen Co. (Lambda Ace). Next it
was exposed to light using a stepper having 248 nm exposure wavelength
(produced by Canon Co., FPA3000EX5, NA=0.63) by stepwise changing
the exposure quantity through a reticle for a line and space pattern
of 0.3 pm width. The exposed silicon wafer was heat-treated on a hot
plate at 110°C for 90 seconds. This was developed with an alkali
developer produced by Clariant Japan K.K., AZ 300MIF Developer (2.38
weight % tetramethylammonium hydroxide aqueous solution) under the
condition at 23°C for 1 minute by paddle development to obtain a
positive pattern.
[Positive-working photoresist]
Copolymer of 4-hydoxystyrene and 4-t-butyloxycarbonyl styrene
12.57 parts by weight
Triphenylsulfonium trifluoromethanesulfonate
0.4 parts by weight
Tetramethylammonium hydroxide 0.03 parts by weight
Propylene glycol monomethyl ether acetate 87 Parts by weight
After forming a thin film of the composition A for forming an
etching protection layer on the positive-working line and space
pattern which was obtained as described above in the same manner as

Reference Example 1, an etching protection layer was formed in the
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Tri phenyl sul foniumtrifluoronet hanesul fonate 0.4 parts by wei ght

Tet ranet hyl ammoni um hydr oxi de 0.03 parts by wei ght Propyl ene glycol
nononet hyl ether acetate 87 Parts by weight After forming a thin film of
the conposition A for formng an etching protection |ayer on)thg 0
positive-working |line and space pattern which was obtained as desczﬁged
above in the sane manner as Reference Exanple 1, an etching protection

| ayer was forned in the 17 2 8 JUN 2005 sane manner as Reference Exanple
1. Then it was etched in the sane nmanner as Reference Exanple 1. An

et chi ng r eYamkaiimerf a¢ Refeemicst Examsle Was @éal 10Wad. etbhedr 85 thé Ssankr e
shown in Table 1. Exanple .1 An etching mask having an etching protection

| ayer was Mm@nped asi Refeeneenixanpiack. adn RéfchingaeskExtansiecol thgcesistsi ng a
conposition for form an_et chin rotectjon l.ayer. prepared as
descr i bed BEFBWT FYRLIEEE] Ao RGBUrts GirR PO dPre AR et chi ng
protection layer. This substrate having an etching nask thereon was etched

in the sane manner as Reference Exanple 1 and an etching resistance of the
resi st nadkampte dval uated. The results were shown in Table 1. (Preparation

of Conposition for formn n etchin rotection | ayer Each_comonent
was nixed at t h?ﬂ‘ _8%?%99118‘3_ ?ﬁag}n%tainr?’é‘g’mgu%g‘lt&ﬁf?%%/ﬁ?;eﬁiwﬁﬁm. Aft er
this, the ganpRSkimohanasr bkl Refdreste Whiipfe 2 HBDt ding! & BHEPM 18 0d
conposition B for form ng an etching pr o}t)ectl on [ayer. Conponent parts by
wei ght  CopBofomeermiingaay ¢t ¢lrirgcprbtaction Apden pyepisadene d¢8dribedrisilaw rati o)
2.0 Mot hoﬂrs'?éé‘&’ Iogtae g:oggcl)g{]gi%% g 'f%r forming an etching protection layer.

This substrate having an etching mask thereon was etched in the same

manner as Reference Example 1 and an etching resistance of the resist

mask was evaluated. The results were shown in Table 1.

{(Preparation of Composition B for £ oﬁning an etching protection layer)

Each component was mixed at the following ratio, stirred
substantially, dissolved. After this, the composition was filtrated
with 0.2 pm filter to prepare a composition B for forming an etching
protection layer.

Component parts by weight
Copolymer of acrylic acid and p-hydroxy-

styrene (85/15 molar ratio) 2.0

Methoxymethylated melamine 0.5

2-Propanol 2.5

Pure water 95.0
Example 2

An etching mask having an etching protection layer was formed
in the same manner as Reference Example 2 except using a composition

B for forming an etching protection layer described above instead
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2-Propanol 2.5 Pure water 95.0 Exanple 2 An etching mask havi ng an
etching protection |ayer was forned in the sane nanner as Reference
Exanpl e 2 except using a conposition B for form ng an etching protection
| ayer described above instead 18 2 8 JUN 2005 of a conposit2 @nj b
formng an etching protection |layer. The substrate having an etchi ng mask
thereon was etched in the sanme manner as Reference Exanple 2 and an
etching resistance of the resist mask was evaluated. The results were
shown in Table 1. Exanple .3 An etching mask having an etching protection

| ayer was boraecbmposithen sanfrirEerfRingSarRefteheng eprotaepien llapeseptThesi ng a
conposition C for formng an etchi n?(t{)rot ection | ayer prepared as

descri bed BePHFatehavdag a3fete haresnives ¢taheldii e sapmmagRer
protection,) aﬁgerencgh%:%ﬂﬁﬂ rALGal e@?réf}{l]g %Panaq’é:te ?Sf theLEAT RS et ched

in the sane” manner as erence resistance of the
resi st nagks Wasmiayeédat ede J&@lﬁ:@swéfé ShRWE :§1|i101VME1laanab| e 1. (Preparation
of Conposition C for formng an etching protection |ayer) Each conmponent
descri bed bel ow was m xed at the following ratio, stirred substantially,
di ssol ved. Aft;’E his, the conposition was filtrated through 0.2 pin
filter to e~a conposition C for formng an etching protection |ayer.
Conponent partsABYeﬁ@iﬁJ&tmaﬁQhﬁ(rYﬁé"kéln &l &ahgl :Fd?:éﬁt!bﬁ'ﬂa%&tk?a?sok%zﬁe‘ﬁ)/ 10
nol ar rati o) 2.0 Met hoxynet hyl ated nel am né % 5 2-Propanol 2.

in the same manner as Reference Example 1 except using a comp051t10n

C for forming an etching protection layer prepared as described below
instead of a composition A for forming an etching protection layer.
The substrate having an etching mask thereon was etched in the same
manner as Reference Example 1 and an etching resistance of the resist

mask was evaluated. The results were shown in Table 1.

(Preparation of Composition C for forming an etching protection layer)
Each component described below was mixed at the following ratio,
stirred substantially, dissolved. After this, the composition was
filtrated through 0.2 pym £ilter to prepare a composition C for forming
an etching protection layer.
Component parts by weight

Poly(vinyl alcohol-co-N-vinylcarbazol)

(90/10 molar ratio) . 2.0

Methoxymethylated melamine 0.5

2-Propanol 2.5

Pure water _ 95.0
Example 4

An etching mask having an etching protection layer was formed

in the same manner as Reference Example 2 except using a composition
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Pure water 95.0 Exanple A An etching mask having an etching protection
| ayer was formed in the sane nmanner as Reference Exanple 2 except using a
conposition 19 2 8 JUN 2005 C for form ng an etching protection |ayer
described above instead of a conposition A for formng an etchiJiy 2005
protection layer. This substrate having an etching mask thereon was etched
in the sane manner as Reference Exanple 2 and an etching resistance of the
resi st mask was evaluated. The results were shown in Table 1. Conparative
Exanple 1 The substrate having a resist pattern without etching protection
| ayer t her @ofomifioriningsandedchibeprioteRbien dayer Eesmplibedlahwie tinetgasd by
etching in the same manner. as Reference Exanple 1 and etchin re@j‘j%t ance
bl :

of the resPst? FETROFELI WY & G8F eFor™ing F‘_Bs%u'f‘f ngm_B?%teé:lH\R/H ?‘ﬁY_ _
Conpar at i Ve bRk tat i A§ anSREHing escrep%og v{agsét%?lea%.tnt Bid s¥hd fQMleret Chi ng

protection [ayer thereon which was ed I n Refterence Exanple 2 was
treat ed byast Bbiersncen Ekhmp 5azeand@raiee tésinde res tyteamckxafhe Pesiatdnask
etching resistance of the resist mask was evaluated. The results were
shown i n T#® evaluated. gTheNerydss wexg Nhevern tTablepd. Q 0O (r)(r)(r) O O
f'. xX#xXxrd N Owow Y +i

Comparative Example 1

The substrate having a resist pattern without etching
protection layer thereon which was described in Reference Example
1 was treated by etching in the same manner as Reference Example 1

and etching resistance of the resist mask was evaluated. The results

were shown in Table 1.

Comparative Example 2

The substrate having a resist pattern without etching
‘protection layer thereon which was described in Reference Example
2 was treated by etching in the same manner as Reference Example 2
and an etching resistance of the resist mask was evaluated. The

results were shown in Table 1.
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Effectiveness of Invention

ri Nri r{ 4)
(a O.

As mentioned above in detail, in the present invention, etching
resistance of a resist mask can be improved by forming an etching
protection layer on a resist pattern, which is formed by the method
so far applied, using a composition for forming an etching protection
layer, thereby etching condition can be made severe, a good pattern
can be transferred on a substrate in a shorter time. Because of this,
semiconductor integrated circuits etc. can be manufactured at high

yield and in shorter time in the present invention.

Industrial Applicability

The etching method of the present invention is used as a suitable
method when manufacturing a semiconductor device, formation of a
liquid crystal display device of liquid crystal display (LCD) panel,
manufacturing a circuit substrate such as a thermal head. In these
methods, etching resistance of the resist mask is improved by using
the composition for an etching protection layer of the present

invention.
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WWWWWWO W0 W41 0 0 41 41 21 2 B JUN 2005 Effectiveness of

I nvention As nentioned above in detail, in the present invention, etching
resi stance of a resist mask can be inproved by form ng an etching
protection layer on a resist pattern, which is fornmed by the ri&8 htit 208% far
applied, using a conposition for form ng an etching protection |ayer,

t hereby etching condition can be made severe, a good pattern can be
transferred on a substrate in a shorter tinme. Because of this,

sem cond L. it ted circuits etc. can be manufactured at high vyield
and in smzﬁéﬁ'dﬂrﬁ%{%n the present invention. Industrial Applicability The
etching nethod of the present invention is used as a suitable nethod when
manuf acturing a sem conductor device, formation of a liquid crysta

di spl ay devi celofAMejip@oteipaing a sihsyaly, Whietnyorparas the stgsiAdct uri ng a
circult Sumirt?%ﬁ r&16hAferR oh RS BRtratteiflusd Of 4 BRS@redit N0ds, etching

resi stance of e resist mask 1s |rrprovedsby using the conposition for an
et chi ng pr @pelyingom compesition ferferpingsametchingvrateiction layer 2nghg psistammtervihat
is clai rr%mi ok 1. A nethod of etching a substrate, which conprises the
steps of: For m ng a resist pattern on a substrate by use of a photoresist,
appl yi ng afemntippantetehing protéction lagerainseitbleiing ¢evaiaper icontdirdyg watar ih iise

v oo B e ES oo i B uEour Pl et i b o °
form ng gijget ching protection layer and the
removing unnecessary parts other than the etching protection layer of the
composition for forming an etching protection layer by the water-containing developer,
and
etching the substrate by using, as a mask, the resist pattern having the etching
protection layer thereon,
wherein the above-described composition for forming an etching protection layer
comprises at least one water-soluble or water-dispersible resin comprising a
copolymer of at least one monomer selected from the group consisting of acrylic acid,
methacrylic acid, vinyl acetal, vinyl alcohol, ethylene imine, vinyl amine, allyl amine,
methacryl amine and vinyl methyl ether and at least one monomer selected from the
group consisting of styrene, a styrene derivative, a polycyclic aromatic vinyl
compound, a heterocyclic vinyl compound, a crosslinking agent and water and/or a

water-soluble organic solvent as a solvent.

2. The method of etching a substrate according to claim 1, wherein the
etching protection layer is formed by heating the resist pattern and the composition for

forming an etching protection layer.

3. The method of etching a substrate according to claim 1 or 2, wherein the
etching protection layer is formed by crosslinking the etching composition for forming
an etching protection layer by an acid contained in the vicinity of the surface in the
resist.

23




resi st, renoving unnecessary parts other than the etching protection |ayer
of the conposition for formng an etching protection |ayer by the

wat er - cont ai ni ng devel oper, and etching the substrate by usin a mask,
the resist pattern having the etching protection |ayer thereZ% JWhéWEln

t he above-descri bed conposition for form ng an etching protection |ayer
conprises at | east one water-soluble or water-di spersible resin conprising
a copolymer of at |east one nononer selected fromthe group consisting of
acrylic acid, nethacrylic acid, vinyl acetal, vinyl alcohol, ethylene
imne, vinyl amne, allyl amne, nmethacryl am ne and vinyl methyl ether

and at |east oge mﬂ’i&lﬁocﬁef eehrg 4 s0Batidle acesrainy @odrl Gid oOclaimsttosie, a
styrene derivative, pol ycyclic aromatic vinyl conpound, a het erocycl iC

vi nyl coWBS[ﬁ%theaWéﬁe%QPﬁaﬁknmée\éﬁj@ﬁr°&ﬁ§'3§§a‘?fé4’at8hd/ or a water-soluble
organi c solvent as a solvent. 2. The nethod of etching a substrate
according to claiml1l, wherein the etching protection layer is fornmed by
heati ng the re8i sthepatethachobelghingea subsitaie aicocordingrto dnyr onengf elainas 4 1o 13y

Pr O% S et e water-ERaliid 38Ok BR & SRS idarBngr o' 20 *

etching conposition for formng an etching protection |ayer by an acid

contained in the vicinity of the surface in the resist. 23 2 JUN 2005
4. The method ®f BI&IFOAPositionpary é’ﬂ"é‘"!ﬂc@@r gichipa G’%ﬁ?t'%héay(?lr ‘dﬁe& i thet o 3,

wher ei n ﬁﬁ%d@éﬁétcﬁﬂﬂté‘é%sﬁgt@%ﬁr&ﬂ@rtoCa‘h?%n%to? Pimaed &f 5, whicl t@nipris6ed of

etching a substrate according to any one clains 1 to 3, wherein the
wat er - codt lgiapt age @év@t@muwgm|vgatgr-@lsparsmle<trem@ cefnpwatn@ra gagolimesieblat 6.

The_compasli bAB hBfaher ToAYeR rEhCN g RECLARIGEN LAYEYIL'SE ' feblfyidrt hod

of etching a subs € accor |ng to a
conpri seamd,atnnlybasetab nﬂnyjfalmﬁoder emqlenlal iening, viayleamities @yl abvlire, rmsthacryl

conpri si nrcr’unae vnquEmet%yl eEher and at least one monomer selected from the group
consisting of styrene, a styrene derivative, a polycyclic aromatic vinyl compound, a
heterocyclic vinyl compound, a crosslinking agent, and water and/or a water-soluble

organic solvent as a solvent.

7. The composition for forming an etching protection layer according to claim
6, wherein the water-soluble or water-dispersible resin is either at least one resin
selected from the group consisting of water-soluble novolak resin and watér-soluble or
water-dispersible resin consisting of a copolymer between at least one monomer
selected from the group consisting of acrylic acid, methacrylic acid, vinyl acetal, vinyl
alcohol, vinyl pyrrolidone, ethylene imine, vinyl amine, allyl amine, methacryl amine
and vinyl methyl ether and at least one monomer selected from the group consisting
of styrene, a styrene derivative, a polycyclic aromatic vinyl compound and a
heterocyclic vinyl compound, or a mixture of at least one of these resins and at least
one member selected from the group consisting of oxazoline group-containing water-
soluble resin, water-soluble melamine resin, water-soluble urea resin, alkyd resin and

sulfonamide.
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| east one nononer selected fromthe group consisting of acrylic acid,

nmet hacrylic acid, vinyl acetal, vinyl alcohol, ethylene imne, vinyl

anine, allyl anmine, methacryl anine and vinyl nethyl ether and a2 8 di&t2005
one nononer selected fromthe group consisting of styrene, a styrene
derivative, a polycyclic aromatic vinyl compound, a heterocyclic vinyl
conpound, a crosslinking agent, and water and/or a water-soluble organic
solvent as a solvent. 7. The conposition for form ng an etching protection
| ayer according to claim 6, wherein the water-soluble or water-dispersible
resin is either at |l east one resin selected fromthe group consisting of
vat er - sol ubl & govaiiRkadifisiddhicHfbr Yeiting Al tbhifl Protelfilay@l SRR GBS ahgSi N
consi sting of a copolynmer between at Teast one nononmer °“selected fromthe
group consé of clagnob oaclajmi& weirein the waberrsdlikle aoiss|inking pheatcdetadlgast ong |

al cohol , vinyl rroli done,, ethyl ene im.ne, vinyl amne,,allyl am

et hacry Memare SR, FROT the aibs afars ot o s B sefiitire - e o

f r om t hedgreiive cloawoguangmiref arsi glyedlewil.a styrene derivative, a polycyclic
aromatic vinyl conmpound and a heterocyclic vinyl conpound, or a m xture of
at | east one of these resins and at | east one nenber selected fromthe
group consi stigg et F fiffEBhAENIAY RGN BILURARAIRG HE an

wat er - sol ubl e nel am ne resin, water-soluble urea resin, " al resin and

sul f onanpuae of claine 6gclaipn 8xgaHaime?, Wiereoihgoratei-selublerorganigisatyeahiseat d¢astg

protecti C I a f .. Fw 6 | &y rei he
et er - sob UM BF R RARY AL erionE SErSput Bt G e Als BT, Brones i T e
group conwminstihypetbbr,dactaleasthybacetnievarid Memethyl pyreslidoder i vat i ve,
benzoguanam ne and gl ycol wuril. 9. The conposition for form ng an etching
protection | ayer according to any one of claim6, claim8 or claim9,
wherein the water-soluble organic solvent is at | east one nenber sel ected
fromthe group consisting of Cl-4 fatty al cohol, propylene glycol

nonoet hyl ether, lactate, ethyl acetate and N-nethyl pyrrolidone. 25
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