SPECI FI CATI ON METHOD FOR FORMNGPATTERN Technical Field

This'¢nvention relates to a nethod for thiCkﬁI ' ' f a resist

pattern by providing, on a resist pattern fo my’mm” ,’mmm)ng | ayer capabl e
I

of being cross-linked in the présence of an acid, .causing cross-1|inking

of the coating |layer adjacent to the resist utiIiZ|ﬁg di ffusion of the acid

fromthe resist into said coating |ayer to thereby effectively reducing

di mrensi on of the space portions of, for exanple, a |line-and-space pattern

and, nore particularly, it relates to a nethod for thickening '
pattern by providing, on a thi ngf(i:Ianr §SSh Pt used in ﬂ"mgmmmmmlm
of manufacturing nmagneti c heads, m cromachi nes, etc., the coati ng,Gl)oglgr
capabl e of being cross-linked in the presence of an acid to thereby

effectively make the pattern finer. Background Art In the wide field

I ncl udi ngeTEon froRt FORMENG $aRreaRduct or devi ces such as LSI, preparation of
flat panel displays (FPD) such as liquid crystal displays (LCD),

manuf acture of circuit bases such as thermal heads and manufacture of
magneti ¢ heads, photolithographic technology has so far been enployed to
form fi nBectreivait Field conduct fine processing. In the photolithographic

t echnol ogy, positive- or negative-working photoresists are commonly used
for form ng Bhisednyvenpion arelat8acto ppgiethed- for thigkening- Winds 0§ a resist
photoresist is coated on a substrate and, after mask alignnent, exposed

t hr ough PakterisRYprPVHSIeBepn & sesbstnpatiesn hommgdsy e (foating layer capable

. of being cross-linked in the presence of an acid and causing cross-linking
of the coating 1ayer adjacent to the resist utilizing diffusion of the acid
from the resist into said coating layer to thereby effectively reducing
dimension of the space portions of, for example, a line-and-space pattern
and, more particularly, it relates to amethod for thickening a resist pattern
by providing, on a thick film resist pattern used in the process of
manufacturing magnetic heads, micromachines, etc., the coating layer
capable of being cross-linked in the presence of an acid to thereby

effectively make the pattern finer.

. Background Art

In the wide field including manufacture of semiconductor devices such
as LSI, preparation of flat panel displays (FPD) such as liquid crystal
displays | (LCD), manufacture of circuit bases such as thermal heads and
manufacture of magnetic heads, phbtolithographic technology has so far been
employed to form 'fine elements or conduct fine processing. In the
photolithographic technology, positive- or negative-working photoresists
are commonly used for forming a resist pattern. Such positive- or
negative-working photoresist is coated on a substrate and, after mask

alignment, exposed through the mask and developed to form a resist pattern.
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The thus fornmed resist pattern is utilized, for exanple, as an etching
.resist in manufacturing sem conductor devices,. FPD or circuit bases, or
as a netal plating resist in manufacturing magnetic heads. In recent
years, finer wiring and space wi dth have increasingly been required in
processes for manufacturing sem conductor devices and the like wth the

I ncrease in integration degree of the sem conductor devices and the |ike.
In order to neet the requirenent, various attenpts have been nade such as
an attenpt to use a radiation with a shorter mave Iength to t hereby

real i ze m;h%eth 2oL Bar P8 81 PIASE 201 LlaliBPE 8E AhStcniE adhst

thereby ormtiner resrs evel‘op a nov

t hese %l%?ﬁ%?t%iﬁ% Fﬁ%bﬂﬂu@?@&@bi LCPPH- ox.J_? éé@s or as a metal

'photollthogr tec ogy utilizing t € conven |ona exposure

techni ques ahafgdkddistulihymahied AP ﬁa%éﬁcr fehdl. pattern exceeding the
critical resolution of the maveleng radi ati on used for exposure. On

the other hand, réferappaads|SFifedr weXDOgiana Epatatiidthhate ShRAE8Eingly been
wavel ength or an apparatus using the phase-shifting mask are expensive. As
one appr aeghifted isopwodesseischop mahlieattitisigesdmitcdidretpt Gededs an®ethedike
for formng a fine pattern, described in Japanese Unexam ned Pat ent
Publ i cat wdfthNblse lHcr2as84tn iHieldba8Yén ddiRed 382 Ahecsemicomdudtiozhd@vices and
conventional ly known positive- or negative-working photoresist is used and,
after cor’t@&clgkﬁg ptr peder ftormeat the sequitemept.ovahiousoateenntendte beenmade
pattern-formation nethod, a |layer of a coating |layer-formng nmateri al

abl e éPCBe%encéfd'@prtu afevi mrdaatien with aspPreer wavehtenaiinte theseby

ttern, th erial layer is cross-1linked and hardened b utilizin
it £ ust ofeatian éﬁféBF’arFFb PRECPENT <o pat ey SR WA ﬁe;%tpr%e@sp
make t he terl al i ns ubIe in vel opi n ol utjqn, .t hen ened
portions f];?e %len i 6{7’%8@@ to; ge %e‘?pet?gnpﬁ?i jts(rlf adapted %%Ftt 1A

techniques or to develop a novel process. However, the photolithographic

technology utilizing the conventional exposure techniques has difficulty
in forming a fine resist pattern exceeding the critical resolution of the_
wavelength of radiation used for exposure. On the other hand, an apparatus
for exposing radiation with shorter wavelength or an apparatus using the
phase-shifting mask are expensive.
As one approach for solving such problem, there has been proposed a method
' for forming a fine pattern, described in Japanese Unexamined Patent
Publication Nos. H5-241348, H6-250379, H10-73927, etc., in which a
conventionally known positive- or negative-working photoresist is used and,
after conducting pattern formation according to the conventionally known
pattern-formation method, a layer of a coating layer-forming material
capable of being cross-linked wifh an acid is applied on the formed resist
pattern, the material 1ayer. is cross-linked and hardened by utilizing
- diffusion of an acid from the resist pattern caused by heating to thereby
make the material layer insoluble in a developing solution, then unhardened

portions are removed by development to thereby thicken the resist pattern
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2 and, as a result, nmake finer the resist pattern by narrowi ng the space
portien ip the resist pattern, thus a fine resist pattern with fineness
effectively belowthe |limt of resolution of the exposure radiation

wavel ength being forned. This nethod has attracted attention as a useful
nmet hod because it enables to effectively reduce di mensi on of space
portions in a resist pattern w thout additional expensive investnent in
equi pnent such as an exposure apparatus for exposing with short wavel ength
radi ati on. The above-descri bed, conventionally proposed pattern-formng

method hay heen r%:&\é fﬁ&?ﬁa #indr ?ﬁ%%@i&ﬁ g@&té?ﬁ 'bb,‘%%:‘r%wi‘ﬂg ﬁ‘gty@m g,[p%%}t?.%n

pattern not so i ckness I'ng a thickness“o

for examlerne RaL1 &P rpstw%, ;nB S ¥ he Tes3lt PR W25 £ neqm%fsfseéﬁgé{&v&éi?

in manufacturing sem conductor integrated circuits. In e case ere

thi cknespeqbwt fite 1HASESSE e ddAut36n td¥ Ghe EXSSRIRY ra8SaHOPHANEESNSPEh being
deformation of a pattern after devel opnent even when the resist pattern is

t hi ckenedobie@r OThdkGethRd hie dteshetedalttendion G4 Vi@ fudRstHoAPBEt sy it
bei ng cross-linked in the presence of an acid and cross-Ilinking and

har deni ngnhbkes tatefifgctiyely reducedimermndion ef spagye pottitorisinafdesd sepatitesn
acid fromthe resist. However, it has been found that, when this nmethod is
appl i ed wdthontsidsiitpanatrexpensing imvdstiment hiclemdpment Zypin es amwrexposale
as is used for manufacturing nmagnetic heads or micromachines, the pattern
f or med byPParstisFornkrapPaeirgl widht shest wavedengthswadiatidiong t he coating
| ayer by devel opnent is inclined or deformed in a somewhat pressed state
e shown i n Ehg. abve-dgscaibgd. nopveppiondlly PrePased dintderpnEomeing method
vari es dependi ng .upon th ositiqQn where the_ pattern portion is located in
the pat t BPROBETHAGISIPREd @eapmethods 8, b aPBALEH oy 8 FPeLibpatisre
shown in_Fig. ds.abserved in the central orti.on aof .th fer, i.e.,
central | BBFEooRtR AL Fh et Ve shonnBSS b Fodlsr OF, ¥B: Lrampnd,
not more than 1 ym such as an etching resist pattern for use in manufacturing
semiconductor integrated circuifs. In the case where thickness of the
resist is not so thick} there arises no problem of deformation of a pattern
after development even when the resist pattern is thickened by providing
on the resist pattern a coating layer capable of being cross-linked in the
presence of an acid and cross-1inking and hardening the coating layer-forming
material layer due to diffusion of an acid from the resist. However, it
. has been found that, when this method is applied to a resist pattern having
a film thickness of 2 pm or more such as is used for manufacturing magnetic
heads or micromachines, the pattern formed by removing unhardened portions
after cross-1inking the coating layer by development is inclined or deformed
in a somewhat pressed state as shown in Fig. 3(a) or 3(b). The type of
deformation of the pattern varies depending upon the position where the
pattern portion is located in the patterned image. For example, deformation
in a somewhat pressed state shown in Fig. 3 (b) is observed in the central

portion of the wafer, i.e., central portion of the pattern image, whereas

deformation of the resist pattern being pulled in one direction as shown
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deformation of the resist pattern being pulled in one direction as shown 3
in Fi'g. 3(a) is observed in the periphery of patterned i nage. Wen the
resist pattern is deforned in such manner, devices such as magneti c heads
can not be manufactured as designed, thus causing problenms such as poor
yield, poor  efficiency of formng the coating |layer and insufficient

fi neness. An object of the present invention is to provide a nethod for
making effectively finer a pattern such as |ine-and-space pattern, trench
pattern or hole pattern than critical resolution of exposure wavel ength by

usi ng pParaRr TS e ST B EE B of AT BindBLfd]. Il L gEESE

using p g on ThI's resi

coatng b Py ha" dAGrER o6 Alon’ARARLS 8Ly PELIBuEh WS phikErh hlahl%an not

presence of an "aci orma coating’layer capable o ng cross-1inked

in the ppesRREactiiréd adCddhighad, At aneass iepAch thls MoK RS g $ie Rl P%P
to diffuse into the adjacent coating |ayer to cause cross-linking of tThe

coating baytcidrry oierehwindithiecBoatind asyelr 2Ad {RiJurfBient Fideaeks.

deformation of the pattern after being thickened and inprove the

ef fici ency oknfalrjeictgof hthec paeseht nitv@ntionatisigd pyevidd laimegho® rfdin makohig

reject products inappropriate for manufacturing devices such as magnetic

heads dueffectisfedynfinemnapattbensashsts pine-and-space pattesm; édenchl pattern

pattern with high fidelity to the design being effectively forned.

Di scl osuPt hsrle; patternethap eridigal aegotubion ofeerpasurenwaralegathdey forming

i nventors have found that deformation of the resist pattern to be caused
er defB|JpTURFURECCRAGTFL PayEeTR Af Fe PP 8T IMER N d1lRathigkeess| Lakngg

of the coatjng .layer can be_ effectively conducted by adding a step of .
Ut radi at PROCOEYROBERPREE | EGhGIOqY - | FRatANS (g P igr THPLT MyBtEETy 2, SOBFing o

to 450 nﬂ&@r%%ga%ﬂqua rgap%%q/eoéf being cross-linked in the presence of an

acid to form a coating layer capable of being cross-linked in the presence
of an acid, and allowing the acid from the resist pattern to diffuse into
the adjacent coating layer to cause cross-linking of the coating layer to
thereby thicken the resist pattern, which prevents deformation of the pattern
after being thickened and improve the efficiency of forming the cross-1linked
coating 1layer, thus generation of re jec{: products inappropriate for
manufacturing devices such as magnetic heads due to deformation of the resist
pattern being prevented and a pattern with high fidelity to the design being

effectively formed.

Disclosure of the Invention

As a result of intensive investigations, the inventors have found that
deformation of the resist pattern to be caused after developing the coating
layer can be prevented and that cross-linking of the coating layer can be
effectively conducted by adding a step of irradiating a resist pattern with
visible light or ultraviolet rays of 150 to 450 nm in wavelength before and/or

after the step of forming the coating layer capable of being cross-linked
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after the step of form ng the coating | ayer capable of being cross-Iinked
4 in'the presence of an acid on the resist pattern of 2 pmor nore in

t hi ckness having been forned on a substrate, thus having achieved the
present invention based on the finding. That is, the present invention
relates to a nethod for formng a pattern by providing on a resist pattern
of 2 pmin thickness a coating |ayer capable of being cross-linked in the
presence of an acid and then cross-linking the coating layer with an acid
diffused fromthe resist pattern to thereby thicken the resist pattern,

wherein t | rn LS:d ' ] ISl [ . ;

ther o " BulepRStafal bEIGh houd Bhoent o bRk Bl pofl AR
layer. | Rag@dhtbodh EondY SHEM SNEHARN La! Bavifgd JBIfRAEOTthe present
manuf acturi ngc a magnetic head by conducting a netal  plating treatnent

after forfebhOtbrPbasthcoRatiEfinginghe above-descri bed manner. Brief
Description of the Drawing Fig. 1 illustrates one enbodinent formng a

pattern thi cheaedsaate piégent Onvdift IDhOSEIt eisNti Atietholyedr £eehBig 8Patitbbn
visible light or ultraviolet rays of 150 to 450 nmin wavel ength after
f or mat i obyqiroviddngionga ragest pattarn efi = pmpiat tkidckndssga cdatihg dayat@apable
anot her enbodi nent formng a pattern thickened according to the present
i nvent i orfibelngr cobst-ligkedrigsitbe presence ofi ah acidsary] ¢heén girossrlinking the
ultraviolet rays of 150 to 450 nmin wavel ength, then formng a coating
| ayer oncppbinglayer vith anagiddiiffuspd fremthemegisy nattgrn tattherekrrbickent

defornmed pattern fornmed in a conventional manner. Detailed Description of
| nveﬁ gotfpsist pattern, wherein the resist pattern is irradiated with visible

light or UV rays of 150 to 450 nm in wavelength before and/or after formation
of the coating layer.

In addition, the present invention relates to a method of manufacturing
a magnetic head by conducting a metal plating treatment after formation of

the pattern in the above-described manner.

Brief Description of the Drawing

Fig. 1 i1lustrates one embodiment forming a pattern thickened according

to the present invention by irradiating with visible light or ultraviolet
'- rays of 150 to 450 nm in wavelength after formétion of a coating layer on
a resist pattern.

Fig. 2 ijllustrates another embodiment forming a pattern thickened
according to the present invention by irradiating a resist pattern with
visible 1light or ultraviolet rays of 150 to 450 nm in wavelength, then forming
a coating layer on the thus irradiated resist pattern.

Fig.3 illustrates examples of deformed pattern formed in a conventional

manner.

Detailed Description of the Invention



5 The present invention will be described in nore detail below by reference
to Figs. 1l.and 2. Fig. 1 shows one enbodi nent of the present invention of
formng a pattern by formng a coating layer 3 on a resist pattern 11,
then irradiating with visible light or ultraviolet rays of 150 to 450 nm
in wavel ength, and Fig. 2 shows another enbodi nent of the present

I nvention of formng a pattern by irradiating the resist pattern 11 with
visible light or ultraviolet rays of 150 to 450 nmin wavel ength, then
formng the coating layer 3 on the thus irradiated resist pattern.

Firstly, in & ' - r | St
pat ter i 11 of SUper et anrer vt oy Lkhe SEAEELAh T BUBBNRERE Beloh BV Hlrgoonss
being irggdpaged Wiy yisible light or ultraviolet rays ((2) in Fig. 1 and
(2) in Fig. 2). This resist pattern 11 can be formed, for exanple, in the

fol | owi ng NMapi@r 1WHdwsZditbehbisitaat A RO BEAHE € 1 FREOGN Jf@&rﬁlﬁndg I(aifp(’)a';‘cttbh

a photoresist solution is coated on a substrate 2, then prebake

exanpl e, pgt f@armtiggpereddtiagoiayet 3 dit@ fesit phdbérd 1M, Nthén irt@difFMPwith
photoresist layer 1 ((1) in Fig. 1 and (1) in Fig. 2). This photoresi st

| ayer 1 wisphile dight sexr edpoaetoldtt lrayly/ afaySo stecisasingihi wevedlengithl, iare] Fig.
deep- W rays such as KrF exciner |aser or ArF exciner |laser, X- rays or

el ect r on2bshews angthept ¢rprdimgntf o rtheopressposimvenbaém raf EPEBin@ita pattern
tenperature of, for exanple, 50 - 140C), devel oped and, if necessary,

subj ect ebYtiFnaddat ey dhepresis tobat tayn( A wi themsdbdeukighdf or pdtraxiedgterage

- 120C) to forma resist pattern 11. As the photoresist to be used for

@ ni ng PR HEILPIR gV Ieniodh . then feTing therogtingdsyernt op Bamthesm

a resist pattern having a lgyer thickness of 2 pmor nore may be used,
with bot ﬁ‘p-’ﬁ%‘ifaﬁifg_regﬁgt pattern.

Firstly, in Figs. 1 and 2, there is formed on a substrate 2 a resist
pattern 11 of 2 pm or more in thickness capable of generating an acid upon
being irradiated with visible light or ultraviolet rays ((2) in Fig. 1 and
(2) in Fig. 2). This resist pattern 11 can be formed, for example, in the
following manner utilizing the photolithographic method.

That 1s, firstly, a photoresist solution is coated on a substrate 2,
then prebaked (for example, at a te:ﬁperature of 70 - 140° C for about 1 minute)
to form a photoresist layer 1 ((1) in Fig. 1 and (1) in Fig. 2). This

. photoresist layer 1 is patternwise exposed with UV rays such as g-line or
i-line, deep-UV rays such as KrF excimer laser or ArF excimer laser, X-
rays or electron beams and, optionally after post exposure baking (PEB; at
a temperature of, for example, 50 - 140°C), developed and, 1if necessary,
subjected to post development baking (at a temperature of, for example, 60
- 120°C) to form a resist pattern 11.

As the photoresist tq be used for forming the above-described resist
pattern 11, any of those which can form a resist pattern having a layer
thickness of 2 pm or more may be used, with both positive- and

negative-working of course being usable. As such photoresist, those are
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negati ve-wor ki ng of course being usable. As such photoresist, those are 6
.preferred which will generate an acid upon being irradiated wth visible
light or W rays of 150 - 450 nmin wavel ength, said generated acid acting
to forma positive or negative resist pattern. As photoresists to be
preferably used for form ng the photoresist layer 1, there are illustrated,
for exanple, positive-working resists containing an al kali-soluble resin
such as novol ak resin, hydroxystyrenic resin or acrylic resin and a

-qui nonedi azi de conmpound and chemically anplified, positive- or

negat i ve-ag%%wgd il 10 eqf%@srﬁeaaa apm_éyidgr &@é@%&@ew&m Yidthe

and form™a resist pattern utilizing e catalfytic action aci d.

However, 1tila@+PbOtR 88y $ ot 190 0e 49566 1R Fd\re RIRREN! sd 1A/ §BhE PO B UcRAlact ing
‘necessarily be those which are conposed of a material capable of thenselvés

generati R Foracad pdBeei X POS WidgatiReC 2881 ¥HEpLLEdiar.l eabShhoBéRddidlts e
does not generate an acid upon exposure, it suffices, for exanple, to
further padderabljhasedsicit fomiialg the photbres it 1apér carthpeeecdns €1 hilsttitéd,

upon exposure. In the present invention, a resist patternis fornmed, and a
coati ng floayexarpkey pgsibiesiwarkisgapedists tontdiniryuanfalkedd -se3uble resin
pattern 11 before or after irradiating the resist pattern with visible
| i ght or suichr @8 glavolakayesdn, 1 bgdroxsirymenin wesdheoyt lacryhls zesbat andg a
| ayer 3 being formed ((3 ) in Fig. 1 and (4) in Fig. 2). As the coating
| ayer - f ordWiRgnadiazidg s eanpeand,s@@dj n prék¥nt am don, Resl&dveo| ulre
resin conpositions containin a water-soluble resin, a cross-|inking agent
?ﬂ, i f Megative yworking, Fegistft Whinhy deRerpikAAeia MYy drFadirrien pith Jigbte
ones. As the_water-sol.uble sin _to.be used in the mater:solugl resi,
compost 1 BNe FOTRt SSHAY) PRECTTL A LRI OIS FEFE B SR SRePE The 2y,
monomer Contﬁbaé$@kfltﬂgdﬁﬁgguﬂééisggQ§Pbe used in the present invention may not
necessarily be those which are composed of a material capable of themselves
generating an acid upon exposure. In case where the resist material itself
does not generate an acid upon exposure, it suffices, for example, to further
add to the resist material amaterial that can generate an acid upon exposure.
In the present invention, a resist pattern is formed, and a coating
layer-forming material is applied to the thus formed resist pattern 11 before
or after irradiating the resist pattern with visible light or ultraviolet
‘ rays of 150 - 450 nm in wavelength, thus a éoating layer 3 being formed ((3)
in Fig. 1 and (4) in Fig.2). As the coating layer-forming materials to be
used in the present invention, water-soluble resin compositions containing
a water-soluble resin, a cross-1linking agent and, if necessary, a surfactant
and the like are illustrated as preferable ones. As the water-soluble resin
to be used in the water-soluble resin compositions, there are illustrated
homopolymers or copolymers of a vinyl monomer containing a hydrophilic group,
such as polyvinyl alcohols (including partially saponified products of

polyvinyl acetate), polyacrylic acid, polymethacrylic acid, poly(2-

hydroxyethyl acrylate), poly(2-hydroxyethyl methacrylate), poly(4-
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such as pol yvinyl al cohols (including partially saponified products of

pol yvi.nyl acetate), polyacrylic acid, polynethacrylic acid, poly(2-

hydr oxyet hyl acrylate), poly(2-hydroxyethyl nethacrylate), poly(4- 7

hydr oxybutyl acrylate), poly(4-hydroxybutyl nethacrylate),

pol y(glycosyl oxyethyl acrylate), poly(glycosyloxyethyl nethacrylate),

pol yvi nyl nmethyl ether, polyvinylpyrrolidone, - polyethylene glycol,

pol yvinyl acetals (including partially acetalized ones), polyethyleneim ne,
pol yet hyl ene oxi de, styrene-nual ei c anhydri de copol yner, polyvinylam ne,

] - ' - i, N - sol ubl i ns:
Pt or sob SRty neoﬁgé%%?te%eg[ or s St A B BREE L L) B, ste.
¥ : i ne. .
e LonarbAER ook bRyt SREY BN IORTGTREsP EotiRih 1 RARAE  aYe) O
) . ' b ) N , i '
Moo nge_ Pubrfilas RetAYE R ADpKLIvidibyer iR QUi | T pbehBtnplentt Ylkcor,

cross-1i PB%?@ir@&eiﬁébalfsh@rﬂzlﬁﬁQnﬁ bhﬂﬁiaﬂyegc@tlsaﬂrz%a%rnlreétﬁ, %l-a»gm:l?ﬁlenejmine,
u

wat er - so e cross-1linking agents such as nel am nic | ow nol ecul ar
deri vat i pebyetiydiengi bic€dé OVe tirlefs Uhale (e ANhHIrYES , cafdlgmkoW P&l Raydbmine,
derivatives, glycol uril, al koxyal kyl ated am noresins, etc. O these
wat er - sopobyaEllylasdine| nktag; agpeavced inehgroep asomtiainting watectsdubder résinyes
are exenplified by nel am ne, nethoxynethyl ated nel am ne, et hoxynethyl at ed
mel am newapenEedyd ehme hakhergegins e, waherospiabhy |uttead reslngi rdkyd resins,
hexanet hyl ol nel am ne, etc. The guanam nic | ow nol ecul ar derivatives are

mpl i f PN ese gt ritiitise of Sy F8AARF ne Thase Hjawabedubed Angiepeadently
etc. Further, the uric |ow nmolecular derivatives are exenplified by urea,
nmonomet h§F oftir 2aCOMRIRAHPPoPEr %0 OF KBXEAeRthyiheHe UMelecwarymedghket oY | Ehe

urea, et QX{&D.%Q WBTe r%tsg !seag:ee purre %rggiitr) RXXH) ¢ 1aOC,IO%’0 i%t 1(::érms of weight average

molecular weight, with 2,000 - 5,000 being more preferable.

As the cross-1linking agents, there are illustrated as preferred examples
water-soluble cross-linking agents such as melaminic low molecular
derivatives, guanaminic low molecular derivatives, uric low molecular
derivatives, glycol uril, alkoxyalkylated aminoresins, etc. Of these
water-soluble cross-1linking agents, the melaminic lowmolecular derivatives
are exemplified by melamine, methoxymethylated melamine, ethoxymethylated
‘ melamine, propoxymethylated melamine, butoxymethylated melamine,
hexamethylolmelamine, etc. The guanaminic low molecular derivatives are
exémplified by acetoguanamine, benzoguanamine, methylated benzoguanamine,
etc. Further, the uric low molecular derivatives are exemplified by urea,
monomethylolurea, dimethylolurea, alkoxymethylene urea, N-alkoxymethylene
urea, ethylene urea, ethylene urea carboxylic acid, etc.

On the other hand, the alkoxyalkylated aminoresins are exemplified by
alkoxyalkylated melamine resins, alkoxyalkylated benzoguanamine resins,
alkoxyalkylated urea resins, etc. Specifically, there are illustrated

methoxymethylated melamine resin, ethoxyethylated melamine resin,
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On the other hand, the al koxyal kyl ated am noresins are exenplified by

.al koxyal kyl ated nel am ne resins, al koxyal kyl ated benzoguanam ne resins,

al koxyal kyl ated urea resins, etc. Specifically, there are illustrated

met hoxynet hyl ated nel am ne resin, ethoxyethylated nelamne resin, 8
propoxynet hyl ated nel am ne resin,. butoxynethyl ated nel am ne resin,

et hoxynet hyl at ed benzoguanam ne resin, nethoxynethyl ated urea resin,

et hoxynmet hyl ated urea resin, propoxynethyl ated urea resin,
butoxynethylated urea resin, etc. These meter sol ubl e cross-1inking agents

ot SIS, iglae LR S AL s
o T ol WAgfisey MR Boiiepatisisstl iy iy

‘Further, as t exanpl e | dorad’

manuf act geg eéwlgeed Norj-ag! rr%g&acture%paxﬁ@& aKagel Gegﬁol\/é%;@ﬁ

manuf act ur ed Dai - N ppon Ink & Chem cals, Inc. acetylene al c | s or

acetyl engugbyﬁﬂi ate@pPueseHeddnbyetde foI | owi ng general formula (1),
pol yet hoxyl ates of the acetyl ene al cohol s, and pol yet hoxyl ates of the

acetyl ene gl yhede watenessilubdler awes-(llihklﬁa &¥kntt hay b8 usedCindepéhdently( by
(OCH2CH2 -)-0OH (OCH2CH2 -)-0OH M n
in combination of two or more of them, and are compounded in an amount of
1 to 70 parts by weight, preferably 10 to 50 parts by weight, per 100 parts
' by weight of the water-soluble resin.

Further, as the surfactants, there are illustrated, for example, Fluorad
manufactured by 3M Co., Nonipol manufactured by San-yo Kasei Co., Megafac
manufactured by Dai-Nippon Ink & Chemicals, Inc., acetylene alcohols or
acetylene glycols as represented by the following general formula (I),
polyethoxylates of the acetylene alcohols, and polyethoxylates of the
acetylene glycols.

General formula (I):

o | i R’
R'—C c=c{—c—r) y
\ ’ /

( OCH,CH, -91;0H ( OCH,CH, %n—OH

(1)

Wherein R' represents a straight or branched alkyl group containing 1 to
20 carbon atoms, R’ and R’ each independently represent H or a straight or
branched alkyl group containing 1 to 3 carbon atoms, R' represents a straight
or branched alkylene group containing 1 to 20 carbon atoms, k represents

0 or 1, and m and n each independently represent 0 or a positive number.



Wherein Rl represents a straight or branched al kyl group containing 1 to
.20 carbon atons, R2 and R3 each independently represent H or a straight or
branched al kyl group containing 1 to 3 carbon atons, R represents a
straight or branched al kyl ene group containing 1 to 20 carbon atons, k
represents 0 or 1, and mand n each independently represent 0 or a
positive nunber. 9 O the surfactants, acetylene al cohols, acetylene

gl ycols, polyethoxylates of the acetyl ene al cohols and pol yet hoxyl at es of
the acetylene glycols are preferred in view of filn}forning ability.

Exampl es | 9fof heegel uhepeaekiaiol SaodioAbhbcnaIghNsal s RULKAIEXY| 4RS!

t he acetyl ene al cohol's and polyet hoxylates o e acety ycol™s

i ncl ude KbsyalatRYt Y- 3th%| acetFRERY | al et/ Nand Obolyethoxylat £ th
'3, 6- dine ?@E octi%- 3, 6-di ol e g§7 9- ?e?ranethyl ‘Eé§§n°ﬁy7?des|° ©

3, 5-di mahb&‘cyierh@&!ﬁc@ls Qe &e’i’e&kéﬁtihybléw ReExF it~ forfilifly ability. Examples
2,5-di met hyl - 2, 5- hexanedi ol and pol yet hoxylates thereof, with

t et r anet byl dneyraxd:eoﬂexﬁe @lcolihls, 7 dtety@bnangligdrs- Whoiymaeés) éndthée
pol yet hoxyl ates thereof being particularly preferred. These surfactants
may be uasedtylelep@idehdly amd ipolyebhtxylkdtiesn ofif thewaaetylene giyddiaminghdde
are conpounded in an anount of usually 50 to 2,000 ppm preferably 100 to
1,000 ppArmetkyld-lobutin-hetlkr - sdindtihyl-depemtwordpodi t i Gh 6oflimethyk-elsontyn-

i nvention. As the solvent to be used in the water-soluble resin conposition
of the Bres@li rAvdni’i Bntetrameshylndseeqimy hd-diebl whiSchimahhyl skdiexynt e

conponents caonstituting the water-soluble resin conposition and do not

sol ve®the F-@sAiPeHe-herdtt he Aicdady %éeﬁlf"%ﬁi‘ﬁéﬁ'%ﬁ'f‘ﬁ§a§%’s‘t]r at@ndo
d t | b| t h | t, .t
areecﬁifJSPP?”Y%@&dW%ﬁ%?eeéb%%@ s Wi n e RrrastEm oty (F a2, 4.0%8S
speci fi C@la&:%?mg’ﬂg-&glam He& r4abll \51255” GtPt fhe PHyIXLA AR YREE A efng

wat er - m sci
particularly preferred. These surfactants may be used independently or in

combination of two or more of them, and are compounded in an amount of usually
50 to 2,000 ppm, preferably 100 to 1,000 ppm, based on the water-soluble
resin composition of the present invention.

As the solvent to be used in the water-soluble resin composition of the
present invention, any of those may be _used which can dissolve the components
constittiting the water-soluble resin composition and do not dissolve the
‘ resist pattern having already been formed on the substrate to be coated with
the water-soluble resin composition. As the solvent, there are usually used
those solvents which contain at least water, specifically, water, preferably
pure water, and mixtures of water and a water-miscible organic solvent. As
the water-miscible organic solvent to be used as a mixture with water, there
are illustrated, for example, alcohols such as methyl alcohol, ethyl alcohol,
isopropyl alcohol, etc.; ketones such as acetone, methyl ethyl ketone,
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'
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the water-m scible organic solvent to be used as a m xture with water,
there. are,illustrated, f or exanple, alcohols such as nethyl alcohol,

et hyl al cohol, isopropyl alcohol, etc.; ketones such as acetone, nethyl
et hyl ketone, 2-heptanone, cycl ohexanone, etc.; esters such as nethyl
acetate, ethyl acetate, etc.; ethylene glycol nonoal kyl ethers such as
‘et hyl ene glycol nononethyl ether, ethylene glycol nonoethyl ether, etc.;
et hyl ene glycol 10 nonoal kyl ether acetates such as ethyl ene glycol
nonomet hyl . et her acetate, ethylene glycol nonoethyl ether acetate, etc.

ot EE?' refoilife g%ﬁeﬁla%ﬁaaé% e ﬁ%%r?f%-fr °R¥§$£Spﬂl§ﬁ§€%x%£ﬁ%%§m
o opyl engeBr i SRueBT ARPRERRL e e afkea T FEC Y peppeiind BB fimonge i
met hyl | @%fl s,esugltx Q%lpﬂo§%‘&§ﬁg glﬁ&ﬁl moﬁhgﬁﬁwdl. 1?%: %ch % eg%.%lal%onoethyl

t ol uene, xylene, etc es’s

N- et hyl |
Sl vent s CERED! RS, pEbytenc GLIBSE ndil) m@?ﬁyﬁt;hf??%é%ﬁ*@%ﬁﬁgﬁ% rovRReft,
cel | osol g@yc@ymhoﬁetwﬁ gkMEr aceehtes ¥Py B&d g&ﬁcopmbxbeﬁwp bftﬁér awcatéol

acetate, etc.; and the like. Preferable organic solvents include |ower

al cohol segeni alarwtag dstersd sGah RnmetByr Nadtate] thydl Tadwite ebbyl ; alremheic

i sopropyl al cohol, etc., with isopropyl alcohol being particularly

pr ef er r etlydi$marhomisngsadies @sor gahuene ,Sokyrens, teltey; aramidesbesatixecs NNaN-

anpunt not to dissolve the resist pattern 11. Application of the coating
er - f dimethylagedanife naWN-methyipinodddone, ®teropekagtwmesr such as 7 -

conventional |y enpl oyed for applying a photoresist, such as spin-coating

met hod, BBEERIAFICNRg metReod, ®CpatoasP gemﬁﬁhoﬁNChroﬁ$erdé@€ﬂhﬂ§oﬁmpm®@e-

etc. The t hus appl.ied coating_|layer-form ng
dimethylsulfoxide, cellosdlve, methyl cellosolve, butyl cellosolve,

cellosolve acetate, butyl carbitol, carbitol acetate, etc.; and the like.
Preferable organic solvents include lower alcohols containing 1 to 4 carbons
such as methyl alcohol, ethyl alcohol, isopropyl alcohol, etc., with
isopropyl alcohol being particularly preferred. When using these organic
solvents, they are to be mixed in an amount not to dissolve the resist pattern
11.

Application of the coating layer-forming material may be conducted in
a proper manner conventionally employed for applying a photoresist, such
as spin-coating method, spray-coating method, dip-coating method',
roller-coating method, etc. The thus applied coating layer-forming
material is, if necessary, prebaked to form a coating layer 3. Some of such
coating layer-forming material are commercially available as, for example,
AZ R200 (product of Clariant (Japan) K.K.; additionally "AZ" is a registered
trademark; hereinafter the same) etc.

In the present invention, the thus formed resist pattern 11 is irradiated
with visible light or UV rays of 150 to 450 nm in wavelength before or after

forming the coating layer 3 on the resist pattern 11 ((4) in Fig. 1 and (3)
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material is, if necessary, prebaked to forma coating |layer 3. Some of such
.ccoating layer-f ormng material are comercially avail able as, for exanple,
AZ R200 (product of Clariant (Japan) K K ; additionally "AZ" is a

regi stered trademark; hereinafter the sane) etc. In the present invention,
the thus fornmed resist pattern 11 is irradiated wth visible light or W
rays of 150 to 450 nmin wavel ength before or after formng the coating

| ayer 3 on the resist pattern 11 ((4) in Fig. 1 and (3) 11 in Fig. 2). In
this irradiation treatnent, irradiating conditions such as wavel ength of

e S 0ah T hd 39 BLPB Faabhfl SR Bty i
[ di t ' arl.y limted. le j.ation, ,
o Syl CoBoR LAYl RS S5 ani el AR5
o b | TORURLEILE, rOSAT LSO BhBR QRGeS TR e

laser-irpagt@id 0o apRardirdai 4¥6y el 8A@t Bre228tNParticdfallfi MBhited. As an
| aser-irradiation apparatus (wavel ength: 172 nn), a Xed “excimer |aser-

i rradi at i eha@piici HEpAMENR, etigére ma9Sbdkedeifor bkafiFles aally 1ap!, adligat ine

with visible light or U/ rays nay be conducted together with heating. The

i rradi at (wavéXeagtieni3é sm)sonli-1iaentumteddnhyhi r363aindt imtdiae ivhdppagattier n

but, if necessary, only part of the pattern may be irradi ated. The

above- descKrBeex¢imedilasevnitradiatdon apparatwi Hwaveilghgtlor 248 ayg, aaKs€s

generation of an acid in the resist pattern. This acid generated by the

g adi at pepimeR taren- ignadiathion aprachatus (wavgleadtBt s222 ne reeKestexcimer
ttern, the already-existing acid diffuse into a portion of the coating

| ayer adf@3@htifiadiREirRFRRATFAVEf VaYROLeNGhe LTDIY).i Rk KBGL apRCINOTddARAY-

of the adj acent. portion of the coati | ayer, thus the coating | ayer bein
gqrragfati%n apparatus (wavegengﬁgz 3OX nm), etc. If necess 1 radiatiorglJ

with visible light or UV rays may be conducted together with heating. The
irradiation treatment is usually conducted by irradiating the whole pattern
but, if necessary, only part of the pattern may be irradiated.

The above-described irradiation treatment with visible light or UV rays
causes generation of an acid in the resist pattern. This acid generated
by the irradiation treatment and, when an acid already exists in the resist
pattern, the already-existing acid diffuse into a portion of the coating

' layer adjacent to the resist pattern to cause cross-linking and hardening
of the adjacent portion of the coating layer, thus the coating layer being
made insoluble for a developing solution. In order to accelerate diffusion
of the acid, the resist pattern and the coating 1ay¢r may be heat-treated
(mixing-baked), if necessary. In conducting the mixing-bake, baking
temperature and baking time may properly be determined depending upon the
kind of resist used, kinds of materials forming the coating layer, desired
thickness of cross-linked .portion of the coating layer, etc. The
mixing-bake is usually conducted at a temperature of about 85 to 150°C for

a period of 60 to 120 seconds.
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made insoluble for a developing solution. In order to accelerate diffusion
of the acid, the resist pattern and the coating |ayer may be heat-treated
(m xi ng-baked), if necessary. In conducting the m xing-bake, baking
tenperature and baking tine may properly be determ ned dependi ng upon the
kind of resist used, kinds of materials formng the coating | ayer, desired
t hi ckness of cross-linked portion of the coating |ayer, etc. The

m Xi ng- bake is usually conducted at a tenperature of about 85 to 150 C for
a period of 60 to 120 seconds. 12 Further the cross-linked coating |ayer

s devel opmylchepat fh Wbl f8EL & g}%@g@&fsuch@ o P " A8LE L0 SR ©

organi ¢ sol vent, ah aqueous

(tet ram&wrammmlayw Qé{:él).e)anﬁratumif:ekrI Jﬁ.@s?l?.[é%?%&lli’@ s81@¢nt, an agueous,

‘uncross-1 i nkéd coating layer, |eaving a non- or e pattern covere

the crossplitAbRbCatkA 10 shal s BAH (ﬁéttﬂné’_ﬂhglaﬁm@ﬁﬁm hydrédidd)dor £he 11rke

coating a resist pattern with a cross-linked coating |Iayer, nechanism ow

t he thi ckeneidsonos- dehor GRérdss-1ankelis chbat iyl Yhait,t hRakesySh ﬂaht@éfbmiea
further irradiated with visible Iight or Wrays of 150 to 450 nmin

wavel engidttiernnedvenddd with athef cedssdliinkield coytigy 3ayer sd ({BatirgEagr ad iamd
of an acid in the resist pattern is accelerated by the irradiation with

vi si bl e (S)ghn BigU\).ays and, as a result, hardening of the resist pattern
or the coating layer is accelerated. Best node for practicing the Invention
The present InReatingm pesisthpattrrnieith sl tnkgsbepdting 1yyayy, meckanismce
to Exanpl es which, however, are not to be construed to limt the pr esent
‘Jent i d1PW th féﬁ.;hWne gefomed pattern is formed when the resist pattern

is further irradiated with visible light or UV rays of 150 to 450 nm in
wavelength is not fully clarified, but it may be surmised that generation
of an acid in the resist pattern is accelerated by the irradiation with
visible light or UV rays and, as a result, hardening of the resist pattern

or the coating layer is accelerated.

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.

Example 1

A positive-working photoresist, AZ P4210 (manufactured by Clariant
(Japan) K.K.) was coated on a 6-inch silicon wafer using a spin coater (MK-V)
made by Tokyo Electron Co., and prebaked on a hot plate at 100°C for 120
seconds to form a resist coat 1 of about 2.5 pm in thickness. Then, it was
patternewise exposed (250 mJ/cm?) using an exposing apparatus (DSW 6400 made
by GCA Co.; NA=0.42) emitting g-line (436 nm) (250 mJ/cm’), and spray

puddle-developed at 23°C for 1 minute using an alkaline developer
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A positive-working photoresist, AZ P4210 (manufactured by C ariant (Japan)
K K. ).was coated on a 6-inch silicon wafer using a spin coater (MK-V) nade
by Tokyo El ectron Co., and prebaked on a hot plate at 100C for 120 seconds
to forma resist coat 1 of about 2.5 pmin thickness. Then, it was
patternew se exposed (250 mJ/cnR) using an exposing apparatus (DSW 6400
made by GCA Co.; NA=0.42) emtting g-line (436 nm (250 mJ/cnR), and spray
puddl e- devel oped at 23C for 1 m nute using an al kali ne devel oper 13

manuf actured by Cariant (Japan) K K. (AZ 400K devel oper; an inorganic

esist | pAPrEr RO St R R kot o bRl B i TR ZGROOF BB ?3%%%43@50
7t hot oq JRRLHEHeVS et S g B B G gk iR eR Tor

plate to forghaks#3eRikt bk aPbhhppieh: A &Guréds 9%&%@

over the coating |ayer using an exposure apparatus ?DSW 6400 made by GCA

Co.,; NAfQafan) KiK. X sdlr coatang aageh-edmiingd Matef381 Ni3ing dWpitelcoater
m xi ng- baki ng was conducted on a hot plate at 110C for 90 seconds to allow

the crosLir-n80mp niaiRC biyODitoteOJagdn then fdduewed By tbakinhgCas ss e \Fas 70

conducted at 23C for 1 mnute using pure water to renove uncross-I|inked

| ayer, tisesonds apea hot plabdestd forked OndiSe pmdblick|martdsgriayeirng WhHodensgosnre

t he |ine-and-space pattern. Baking treatnment was further conducted for

dryi ng owas ¢endysitedeovar the Cdading2laysaruairg a@o@mmeonpmratm { b)s 6400

formed pattern under a scanni n% el ectron m croscope §: eveal ed that
resi §adgaby &GGh £0f f er¥AFhd de‘l"bﬂmﬁ’@@ﬁureclﬁﬁ%lﬁaﬂ QEﬂirﬁéPG §436pnm) .

pattern was forned in the sanme nanner as_in except

conducting nf SFHEHaRixdndr PRI, Wast 8?“‘?‘6?9?& PB n"‘l 01F°‘E rﬂalaE&aFF nblq &y &PTwPPh

seconds to allow the cross-1linking reaction to proceed, then development
processing was conducted at 23°C for 1 minute using pure water to remove
uncross-linked layer, thus a layer of cross-linked water-soluble resin being
formed on the line-and-space pattern. Baking treatment was further
conducted for drying on a hot plate at 110°C for 120 seconds.
Observation of the thus formed pattern under a scanning electron
microscope (SEM) revealed that the resist pdttern suffered no deformation.
Comparative Example 1
. A pattern was formed in the same manner as in Example 1 except for
conducting mixing-baking directly after formation of the coating layer with
omitting the whole exposure by means of the g-line exposure apparatus.
Observation of the formed pattern under SEM as in Example 1 revealed that
the pattern portion at the central area of the wafer was deférmed in a somewhat
pressed state as shown in Fig. 3 (b) and that other portion than the central
portion of the pattern was deformed as if being pulled in one direction as
shown in Fig. 3 (a).
Example 2

A pattern thickened by a cross-linked coating layer was formed in the
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omtting the whol e exposure by nmeans of the g-1ine exposure apparatus.
.Qbservation of the,,-fornmed pattern under SEM as in Exanple 1 reveal ed that
the pattern portion at the central area of the wafer was defornmed in a
sonmewhat pressed state as shown in Fig. 3 (b) and that other portion than
the central portion of the pattern was defornmed as if being pulled in one
direction as shown in Fig. 3 (a). Exanple 2 A pattern thickened by a
cross-linked coating |layer was forned in the 14 sane manner as in Exanple
‘1 except for forming the coating layer after conducting the mhole exposure

using the,gs i fGeexRQSYy eE:gaEr?@ﬁ atl”%xBﬁg’é hP?r r&%&hgp@fmé €&8atth at ugg ?fter

conducting the whol e expos usin osur e appa

form ng é&ﬁixf&%kﬂ“&lé Wleogxl{)é"&fee%§§ﬁ p@%é g ﬁme%gfor Y&E' Ot;u eﬂmﬂ@d

‘pattern under SEM as in Exa revea orna on

pattern ¥&siReates rinEgsms& fleok@Ming he AblRSEIFSSireAUE Gy tﬁm%r §oNidde

thickened pattern obtained in Exanple 1 was subjected to a netal plating

t r eat nenéxpgosurer apparttival aptért ifogmiay ethe Baxt Ny NAgesadtE tWelids dphbeesNe
shape as desi gned. Advantages of the Invention As Is apparent fromthe

descr i ptOmsexrviadion ndfe ftheefoxted paatentn wnidez SEM @sSin [Btdmpile Tafevealed that
prevented, cross-linking efficiency is inproved, and devices such as
magnet i cndhaledorpahidore ofartheapattexh wiashmhdeghad iige Exapple® 1.desi gned pattern,
thus yield of products an d production efficiency being inproved, by the
met hod dixampdepBesent invention of providing, on a resist pattern having
been fornmed .in a conventional manner and having a thickness of 2

@®: - coath FYPFLyRte dayirduhergosy 8- thigkengd prtYesngeRtatped mpg{gmple

1 was subjected to a metal plating treatment to form a metal plating layer

having the same width and the same shape as designed.

Advantages of the Invention

As is apparent from the descriptions hereinbefore, deformation of a
resist pattern can be prevented, cross-linking efficiency is improved, and
devices such as magnetic heads can be manufactured with high fidelity to
designed pattern, thus yield of products and production efficiency being
improved, by the method of the present invention of providing, on a resist
‘ pattern having been formed in a conventional manner and having a thickness
of 2 ym or more, a coating layer and causing cross-1linking and hardening
of the coating layer to thicken the resist pattern to thereby effectively
make finer a line-and-space pattern, trench pattern or hole pattern, wherein
irradiation with visible light or ultraviolet rays of 150 to 450 nm in
wavelength was conducted after the step of forming a resist pattern and before

and/or after the step of forming a coating layer on the resist pattern.

15



of the coating layer to thicken the resist pattern to thereby effectively
.make'finer,a |line-and-space pattern, trench pattern or hole pattern,
wherein irradiation with visible light or ultraviolet rays of 150 to 450
nmin wavel ength was conducted after the step of formng a resist pattern
and before and/or after the step of formng a coating |ayer on the resist
pattern. 15 CL Al MS 1. A nethod for formng a pattern which conpri ses
forming on a resist pattern of 2 pmor nore in thickness a coating |ayer
capabl e of being cross-linked in the presence of an acid and then
cross-linking the coating layer with thejagid diffused fromthe resist
pattern to thicken the resist pattern, wherern the resist pattern is
irradiated with visible light or UV rays of 150 to 450 nmin wavel ength
"before and/or after the formation of the coating layer. 2. A nmethod of
produci ng .a AaaReiodC FBeaforniiy @ PaltberPaiti¥hh cbRpFBses aCrRfidyNon 1 Adi8ist
method described in claiml is further subjected to netal-plating

treat nenpattébn of 2 pm or more in thickness a coating layer capable of being

cross-linked in the presence of an acid and then cross-1linking the coating

layer with the acid diffused from the resist pattern to thicken the resist

pattern, wherein the resist pattern is irradiated with visible light or
‘ UV rays of 150 to 450 nm in wavelength before and/or after the formation

of the coating layer.

2. A method of producing a magnetic head, wherein the pattern formed

according to the method described in claim 1 is further subjected to

metal-plating treatment.
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