1 METHOD FOR REDUCI NG PATTERN DI MENSION I N A
PHOTORESI ST LAYER BACKGROUND OF THE | NVENTI ON The
present invention relates to a nethod for selection of
a water-soluble resin used in the coated thermal flow
process for reducing the pattern dinension of a
patterned resist |layer formed on a substrate surface
conprising the steps of formng a coating |ayer of a
wat er - sol ubl e resin on a patterned resist |ayer,
subjecting the coating layer to a heat treatnent to
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ArF excimer laser beams and F» excimer laser beams as well as electron beams.
This approach, however, cannot be successful without development of a photoresist

composition having adaptability to these short-wavelength exposure radiations.

In this regard, so-called chemical-amplification photoresist compositions are
widely employed in modern photolithographic technology, in which the catalytic
activity of an acid generated in the light-exposed areas from a radiation-sensitive
acid-generating agent contained in the resist layer is utilized to effect a solubility
change of the resinous ingredient to give high sensitivity and pattern resolution even

with a small amount of the acid-generating agent.

As a method for obtaining a very finely patterned resist layer on a substrate,



there is known a nethod in which a photoresist |ayer
formed on a substrate is patterned in a conventiona
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the photoresist layer can hardly be expected within the substrate surface.

Besides the above described photolithographic patterning process utilizing
excimer laser beams for patterning light exposure, proposals are made in Japanese
Patent No. 2723260 for reduction of the pattern dimension, according to which a
layer of an electron beam resist composition comprising a polymethyl methacrylate
resin is patterned to give a patterned resist layer which is then provided thereon with
a coating layer of a positive-working resist composition followed by a heat treatment

to form a reacted layer at the interface between the patterned resist layer and the



to forma reacted layer at the interface between the
patterned resist |layer and the 3 positive-working

resi st |ayer and renoval of the positive-working

resist layer from the unreacted areas. Japanese
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which a reacted layer is forned between the underlying
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For exanple, the crosslinking reaction of the
overklﬁmugh@ach of the above-described methods is desirable because

reduction of the pattern dimension can be conveniently accomplished so as to
exceed the wavelength limitation of the photoresist composition by forming an upper
coating layer on the underlying photoresist layer, several disadvantages are
involved therein. For example, the crosslinking reaction of the overcoating
composition may excessively proceed to unnecessary portions such as the bottom
of the patterned resist layer resulting in an undesirable non-orthogonal cross
sectional profile thereof eventually with trailing skirts. The dimension of the upper

resist layer depends on mixing baking which is a heat treatment to cause
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SUMMARY OF THE INVENTION

In view of the above described problems and disadvantages in the prior art,
the present invention has an object to provide a method for selection of a
water-soluble resin used in the coated thermal flow process for reducing the pattern
dimension of a patterned resist layer formed on a substrate surface comprising the
steps of forming a coating layer of a water-soluble resin on a patterned resist layer,
subjecting the coating layer to a heat treatment to effect thermal shrinkage of the

coating layer and reduction of the pattern dimensions and removing the coating



wat er - sol ubl e resin used in the coated thermal flow
process for reducing the pattern dinension of a
patterned resist |layer formed on a substrate surface
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The present invention provides a method for selection of a water-soluble
resin used in the coated thermal flow process for reducing the pattern dimension of
a patterned resist layer formed on a substrate surface comprising the steps of
forming a coating layer of a water-soluble resin on a patterned resist layer,
subjecting the coating layer to a heat treatment to effect thermal shrinkage of the
coating layer and reduction of the pattern dimensions and removing the coating
layer by washing with water. The heat treatment can, for example, take place at 80
to 160°C for 30 to 90 seconds followed by complete removal of the coating layer by
washing with water. The temperature of this heat treatment should preferably be
lower than the softening point of the patterned resist layer. When the heat treatment

is conducted at such a temperature, the patterned resist layer receives a tension
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N,N-diethylaminoethyl methacrylate, N,N-dimethylaminoethyl acrylate and

N-acryloylmorpholine.

Examples of the comonomer compound copolymerized with the above
named acrylic monomers include vinyl monomers such as N-vinylpyrrolidone,

N-vinylimidazolidinone and vinyl acetate.

The aqueous coating solution of the coated thermal flow process is prepared
by dissolving one or a combination of the above named water-soluble resins in

water in a concentration of 3 to 50% by weight or, preferably, 5 to 20% by weight.
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coating solution of the coated thermal flow process is
prepared by dissolving one or a conbination of the
above nanmed water-soluble resins in water in a

WHRIETEREARRARh is'iop, ool Riler R a0 i Chating

sdlatian is lsemetiatasrigcoraglete WhllemWe‘rr thencoheemntoattanrig too high, the

I SRPL bR 2Pe e IBom o paco Gr Seriry detatpmiighed.
coated thermal flow process can scarcely be

accomhé 'agtlééhs Jdmm@mwﬁ 0 dchBed abyvé €4n Bé further admixed
describ above can be further adm xed wth a

wifihe erateosaluble aamine soapepod mickhipceferabhethes goplia valg 4 7.5 to
152&&% |°éeE9£méle§o&r{%gE§@e%rﬁ\ﬁ? %gmgoFEg%ﬁau% aﬁ&anolarﬁlnes such

| € amn nds I nc am nes suc
asamonoethahdlamine rdigtbanalamiriey tridthamaiamirie, |2e(2+arrmhcmth<m>qz)

ofand AT Nl bl ORRAR oo ™

N N-G'Btjfy}étﬁérﬁtﬂﬁmirﬁan”NﬂmetN&héd&lamﬁﬁéawéth@mtﬁ%olamlne
N- butgl et hanol am ne, N-net éﬂ?l et hanol am ne,

Nt apnlamine Nameiaydietianespiiap dnencisppiepanelamine,
bR RSB AT B SO AL PR A Rkl i o
digihplpybtfiaedhe;rt'riemylenutdtrandnetmppyfiehgdiiamn'mb arriine, 1,

S A 2 SR NS reneiamine, 1

2-propahedianmse, alm?i’-]ﬁopahédlélmindlarﬂm B‘ﬂ%xaﬁlédiérrﬂﬁe allphatlc amines
2- et%l hexy I'ami ne, di octylam ne, tributylam
suchiag %tiﬁvlélﬁf(ylémlrﬂq .dwqtvaram%éﬂbutmrytqg Hmrﬁ@ylawwe triallylamine,

hemérﬂ E\I%;:%rloaﬁcf%enga ' é?oﬁﬁh@ %ﬁ]lﬁé@&cﬁﬁ%éjggﬁwlﬁﬂh@eand

am n ‘cycC am nes suc
dl;phqwtammna andisyolic amirmsmlchzasrmperamhMrpeu)‘glmaeraeinand
dro eth erazin ne con ounds can be
Slpher ey =By RGGS PR anE, HieCATER Ritpii 3 e
usﬁdreﬁheﬂ smgl opégbﬁbﬁ’iﬁnﬁtldhw/@)v@kmdsbhﬁtoré heis preferable however,
wat er - sol ubl e am_ne conpound has a P

that4be watar-seligie amingieempoiichias fpb@ﬁ@@ P@mt & H&ﬁ & orr#agherdmder
noRRal Frebsihé ih BRIdISRL td hERTBP tnPhedthiRoatPhi SAnk @¥8fing lfer. In

this regard, monoethanolamine and triethanolamine are suitable.

The amount of the water-soluble amine compound added to the aqueous
coating solution is in the range from 0.1 to 30% by weight or, preferably, from 2 to
15% by weight based on the amount of the water-soluble resin. When the amount of
the amine compound is too small, the aqueous coating solution eventually suffers a
decrease in storage stability due to degradation. When the amount exceeds 30% by
weight, in particular, an adverse effect is caused on the cross sectional profile of the
patterned resist layer. The problem of denaturation of the aqueous coating solution

can be at least partly solved by admixing the coating solution with an acidic
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Reduction of the resist pattern dimension accomplished by the coated
thermal flow process can be to such an extent that the width of a trench pattern is
decreased from 220 nm to 160 nm and the diameter of a hole pattern is decreased
from 180 nm to 160 nm. After the thus accomplished thermal shrinkage of the
patterned resist layer, the coating layer of the water-soluble resin formed thereon is
completely removed by washing for 10 to 60 seconds with an aqueous solvent

which is preferably water.
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solution further contains water-soluble resins of other types in limited amount

@/opolymeric resin, it is optional that the aqueous

including cellulose derivatives, alkyleneglycol-based polymers, urea-based

polymers and melamine-based polymers.

The cellulose derivatives mentioned above are exemplified by
hydroxypropyl methyl cellulose phthalate, hydroxypropyl methyl cellulose acetate
phthalate, hydroxypropyl methyl cellulose hexahydrophthalate, hydroxypropyl
methyl cellulose acetate succinate, hydroxypropyl methyl cellulose, hydroxypropyl
cellulose, hydroxyethyl cellulose, cellulose acetate hexahydrophthalate,

carboxylmethyl cellulose, ethyl cellulose and methyl cellulose. The
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o BB Wt Rhoiodsos S04 R AERotof e ispg including: step
(AMdrene foreatibh ©f a resist pattern on a substrate; step (B) for the formation of a
coating layer of a water-soluble resin on the resist pattern; step (C) for a heat
treatment of the coating layer and step (D) for the removal of the coating layer by

washing with water each as described below.

The step (A) is a step for the formation of a resist pattern on a substrate by
using a resist composition. In this step, which can be conducted according to a
conventional photolithographic fine patterning procedure in the manufacture of
semiconductor devices, a substrate such as a semiconductor silicon wafer is coated
by spin coating with a solution of a chemical-amplification resist, electron beam
resist or F; laser beam resist to form a resist layer which is pattern-wise exposed to

light through a photomask bearing a desired pattern or subjected to scanning with
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water. In the fine resist pattern-form ng nmethod a
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In step (D), the water-soluble coating layer covering the resist pattern after
the heat treatment in step (C) is removed by washing with an aqueous solvent or,
preferably, deionized water. Removal of the coating layer can be completed by

washing usually for 10 to 60 seconds.

A second coated thermal flow process can also be provided in which the
aqueous coating solution for the formation of a coating layer on a patterned resist

layer contains the above defined copolymeric resin as the resinous ingredient and



adj acent resist patterns. The heat treatnent is
conducted usually at a tenperature of 80 to 160 C for
30 to 120 seconds. It is preferable that the heat
treatnment is conducted at a tenperature | ower than
the softening point of the patterned resist |ayer
because the shrinkage rate of, the resist pattern is
free from dependency on the &hty rati o and the

theineae ﬁ‘é§tn‘i’ént%@lr%ﬁNéﬂéﬂ-sbfu%Té:E@a?m‘QQQyéﬁS tohdUeéd at a temperature
i ncr eased %{@t e attractive force exerted by the

lower thandbe sbitening éemperatwefithey patisraed @%Istﬂeyerewmle the above

gﬁﬁérﬁardrheﬁﬁfr %H‘bﬁntrb?%e Eéﬁg{éﬂf}g%r |s%oﬂ8&gt§5‘gjg?élﬂl étgﬁf tPo1 rgo °C

| MENSI ONS O e resis arne
foR 30 to 120 seddiitisninid preférablecthestherttedt treatriértl temperatlréds lower

AR s Sfishata P T BRI Pod M Yok b LRt thioaitrraed resistlayer

is'sUBRERRND tidetish 8p uﬁ&bhe'rﬁmanyf ERNSAnd YoRNaet s ddtoAdhuse
aqueous solvent or, preferably, deionized water.

effi@ippirgruetion ofdhe sesistrptiesy dimensiomwite erratecefeiriplage not

d%’@@pk@?"’f@%ﬁédjf&w 10 to 60 seconds. A second coated

oceSs can al so be provided in which the
aqueous coating solution for the formation of a
coat Angqueyés caating sphitioarused in the glated thgemaldfiow priogess can be

ProGRR i BHiChdhg Water SIS BSsinSy LRS! sontaisd n 1he Squeous

codBh§sorabN @cmm&ﬁb }é}fﬁéods’ﬁstﬁgﬁﬁﬂfé ®8néfefc units comprising
tenperature |ower than the softeni ngoterrperature of

(A hthepapnematie upiss ferivadafjern N-winiyl pyriolidonghane (B hdhe imnnagneric
oSS 8 A ER eSS RN 74 st R U
N-pmgfp@rrmbdicmd \Ivlamhmmefmablyw-emymarﬁazbhadmmmmw raolas ratio of (A1) :
(B3 §5the ranrody G R 5! RBS ol ntio iy BRhaEEGR s prsterable in

reSpeYt 8€ 664 fitn-fdrifind BEhaWorl AR ke rEEiblayice b witkétBAd the heat

coating |layer so as to cause efficient reduction of
treatreepltdpttheaborementioned diiraty wopelyrerigtresiahag iarwmhtg@verage

mé]g{:%l?fj\%%wIn&kﬂe?&ng{;}é‘ﬁoﬁm“idbddoﬁhiéboop%%ﬂ&&:%‘éd b % gel

lon~used I n the coa ermal” T1 ow roce
pehaeatlmmulnrdemtmgraphlccmethbé makieg refertenbé ¢o pelslmaxﬂm,d methacrylate

i.ngr edi ent cont ueo coat i sol ution
re}iGe h8EBE Ay HBrmaepaer weihii B8 Cog et teras igres Bing the
aquBblis c6SNY schitith containing the above—deflned copolymenc resin is
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above.

According to the present invention, the improvement provided by the present
invention is related to a testing procedure for selection of the water-soluble resin as
the solute in the aqueous coating solution for the formation of a water-soluble

coating layer on a patterned resist layer in the coated thermal flow process.

In practicing the solubility test of the water-soluble resin, a coating layer of

the water-soluble resin is formed on an unpatterned but photocured resist layer on a
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Pl s e K e
wé%@:‘-éélhﬁlé@egﬁé b¥ldofife in ekaquBas tysttg SAS®sh were subjected to a
solubility test in the following manner. Thus, a semiconductor silicon wafer was
uniformly coated on a spinner with a chemical-amplification positive-working
photoresist solution (TDUR-P036PM, a product of Tokyo Ohka Kogyo Co.) followed
by a drying heat treatment at 80 °C for 90 seconds to give a dried resist layer having
a thickness of 0.7um. The resist layer was then coated uniformly with an aqueous
solution of the resin on test and the coating layer was subjected to a heat treatment
at 140 °C for 60 seconds to give a coating layer of 0.3 ym thickness. The substrate
bearing the thus heat-treated coating layer was kept in water at 23 °C under
vibration to determine the Iehgth of time taken before complete dissolution and

removal of the coating layer. As a criterion, the water-soluble resins were taken as



pol yners, urea-based pol yners, mnelam ne-based

pol yners, epoxy-based polyners and am de- based

pol ymers whi ch passes the test can be used as the

resinous ingredient in the aqueous coating sol ution.
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acrylic nonomer with a m nor 4amount of cononomers of
aclePdbld WA this 'EhstsBﬁnrfgoﬂgbR‘ﬂ tife nbpgxﬁeﬁﬁg‘éo sdeia! on

I n various aspects is described In detail by way

of Exanpl es and Conparative Exanples, which, however,
Extomplect |linit the scope of the invention in any way.
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washing with water at 23 °C to dissolve away the coating layer. The result was that

the coating layer could be completely removed by washing for about 1 minute with a

reduction of the hole pattern diameter to 161.5 nm.

Comparative Example 1

The experimental procedure was substantially the same as in Example 1
except that the coating solution was a 5% by weight aqueous solution of a polyvinyl
alcohol. The result obtained by washing away of the coating film with water was that

a visually recognizable residue of the coating layer was found.

Example 2

A semiconductor silicon wafer was uniformly coated on a spinner with a
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in E)ﬁ Qé’??ﬁﬁi? ngd %pqucodoq frﬁﬁriﬁp Slel'? 5 adcrw%; a%i gr\{g N%r%%rrolidone in
a copolymerization ratio of 2:1 by weight and 0.5 g of monoethanolamine. The result

was that the hole pattern diameter could be reduced from 182.3 nm to 160.3 nm.

Example 4

A semiconductor silicon wafer was uniformly coated with a positive-working
photoresist composition (EP-TFO04EL, a product of Tokyo Ohka Kogyo Co.) on a
spinner followed by a pre-baking treatment at 150 °C for 300 seconds to form a

resist layer having a thickness of 2.0 um.

The thus formed resist layer was pattern-wise irradiated by scanning
electron beams on an electron-beam image tracing machine (Model HITACHI
HL800JJ50Kv, manufactured by Hitachi Ltd.) followed by a post-exposure baking



pattern of 411.1 nmw dth. The thus forned
trench-patterned resist |ayer was provided in the sane
manner as in Exanple 1 with a coating | ayer of the
wat er -sol uble resin followed by a heat treatnment to
effect thermal shrinkage and then washi ng away of the
coating layer with water. The result was that the

wi dth of the trench pattern h&d been reduced from
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redufedMomTiR8.0 Anstof B5®ENT. esi st | ayer was pattern-w se
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50Kv, manufactured by Hitachi Ltd.) followed by
a post-exposure baking 16 treatnent at 140 C for 300
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resist layer having a hole pattern of 178.1 nm diameter.

Separately, an aqueous coating solution was prepared by dissolving, in 45 g
of water, 20 g of a resin mixture consisting of a polyacrylic acid resin and a
poly(N-vinylpyrrolidone) resin in a weight proportion of 55:45. The resin mixture had
been subjected to the test of solubility behavior as described before to find that the:

dissolving time of the resin mixture was one second.

The above prepared patterned resist layer was coated with the aqueous
coating solution followed by a heat treatment at 120 °C for 60 seconds to effect
thermal shrinkage. Thereafter, the coating layer was washed with water at 23 °C to
find that removal of the coating layer was completed by washing for 60 seconds.
The hole pattern diameter could be reduced to 157.4 nm and the cross sectional



conpl ete after washing for about 60 seconds. The wi dth

of the trench pattern was reduced from228.0 nmto

155.0 rim Exanple 5 A sem conductor silicon wafer was
uniformy coated on a spinner with a positive-working
phot oresi st sol ution (TDUR- PO36PM supra) followed by

a pre-baking treatnent at 807C for 90 seconds to give

a photoresist |ayer of 560 nrﬂ t hi ckness, which was

et T 1tiNe ﬁ@mbﬂ%&isﬂé@ﬁﬁﬂs excelleh Bﬁh&%@@.ure machi ne
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Thereafter, the coating |ayer was washed with water at
23 Cto find that renoval of the coating |ayer was
JRga X hing for 60 seconds. The hole pattern
di ameter could be reduced to 157.4 nm and the cross
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g of water. Separately, the polyvinyl alcohol resin
was subjected to the solubility test to find that
| of the coating |layer was still inconplete
even after 120 seconds of washing tine.
A semiconductor silicon wafer was spin-coated with a positive-working

photoresist composition (TDUR-PO36PM, supra) and subjected to a pre-baking

treatment at 80 °C for 90 seconds to form a photoresist layer of 560 nm thickness.

The photoresist layer was pattern-wise exposed to light on a light-exposure
machine (Model Canon FPA-3000EX3, supra) followed by a post-exposure baking
treatment at 120 °C for 90 seconds and then subjected to a development treatment
with a 2.38% by weight aqueous solution of tetramethylammonium hydroxide to give

a patterned resist layer having a hole pattern of 178.1 nm diameter.

Separately, a polyacrylic acid resin was subjected to the water-solubility test
by using an aqueous solution of 5.0 g of the resin in 45 g of water to find that the

dissolving time was 1 second.



A test of the coated thermal flow process was
undertaken in the sanme nmanner as in Exanple 5 except
the use of the above prepared pol yvinyl al coho
solution as the coating solution to find that no
acceptabl e patterned resist layer could be obtained
due to remaining residue of H e coating |ayer on the
substrate. Conparative Exanple 3 The testing procedure
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The above prepared hole-patterned resist layer was coated with an aqueous
solution of the water-soluble resin tested above and dried to form a coating layer of
the resin which was subjected to a heat treatment at 120 °C for 60 seconds to effect
thermal shrinkage of the patterned resist layer followed by removal of the coating
layer by washing with water to find that removal of the coating layer was complete by

washing for 1 second and the diameter of the hole pattern was reduced to 166.9 nm.

Example 8

A semiconductor silicon wafer was spin-coated with the same
positive-working photoresist composition as used in Example 6 followed by a
pre-baking treatment at 80 °C for 90 seconds to form a photoresist layer of 560 nm

thickness which was pattern-wise exposed to light followed by a post-exposure



A sem conduct or wafer was spin-coated with the sane
positive-working photoresist conposition as used in
Exanple 6 followed by a pre-baking treatnent at 80 C
for 90 seconds to forma photoresist |ayer of 560 nm
t hi ckness which was subjected to a pattern-w se

| i ght-exposure in the sane ma@ner as in Exanple 6
foll owed by a post-exposure baking treatnment at 120 C
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reduced to 166.9 nm Exanple 8 A sem conductor silicon
E)y@,f,[?égwas spin-coated with the sane positive-working

p otoresi st conposition as used in Exanple 6 foll owed
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a heat treatnent at 120 C for 60 seconds to effect

h h he
t er.mae th%sr&b?aﬁﬁgc? trencI%—pattemed resist layer was subjected to the coated
thermal flow process in just the same manner as in Example 8 so that the dimension
of the trench pattern of the resist layer, which had an excellently orthogonal cross

sectional profile, was reduced to 219.5 nm.

Comparative Example 4

The experimental procedure was substantially the same as in Example 9
except for the omission of coating on the patterned resist layer with a coating
solution of a water-soluble resin. The result was that no reduction could be obtained

in the width of the trench-patterned resist layer.



patterned resist |layer and then renoval of the coating
| ayer by washing with water to find that renoval of
the coating | ayer was conpl ete by washing for 60
seconds and the dianmeter of the hole pattern, of

whi ch the cross sectional profile was excellently

ort hogonal , was reduced to 15()4 rim Exanple 9 A

sem conductor silicon wafer S spin-coated with a

CBhplapstRel Blamglemposi tion ( TDVR- AF2000, a product of
Tokyo Ohka Kogyo Co.) followed by a pre-baking
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trench- att?rned resist |ayer of 411.1 nm di nensi on.
detgeted Rysvighs! 11Spegtion-ench- pat t er ned resi st | ayer was
subjected to the coated thermal flow process in just
L & manner as in Exanple 8 so that the dinension

rench pattern of the resist |ayer, which had
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wei ght aqueous sol ution of a polyvinyl alcohol. The

result was that, after renoval of the coating |ayer

] ing with water, trace of the coating |ayer

could be clearl det ected by visual inspection.
lhe procedure for the formation of a hole-patterned resist layer on a

semiconductor silicon wafer was just the same as in Example 1 except that the hole
pattern obtained had a diameter of 180.3 nm. The procedure of the coated thermal
flow process was also just the same as in Example 1 except that the aqueous
coating solution of a water-soluble resin was a 10% by weight aqueous solution of a
copolymeric resin of N-vinylpyrrolidone and N-vinylimidazolidinone in a copoly-
merization ratio of 1:3 by weight. The result was that removal of the coating layer
was complete by washing with water for 60 seconds and the diameter of the hole
pattern of the resist layer, which had an excellently orthogonal cross sectional

profile, was reduced to 170.1 nm.

Example 12

The experimental procedure was just the same as in Example 2 except that

the aqueous coating solution of a water-soluble resin in Example 2 was replaced



Exanpl e 10 The experinmental procedure was just the
sane as in Exanple 8 except that the coating |ayer of
a water-soluble resin on the patterned resist |ayer
was formed by using a 10% by wei ght aqueous sol ution
of a copolyneric resin of acrylic acid and N
acryl oyl morpholine in a copolynerization ratio of 1:1
by weight. The result was that renoval of the coating

withher cdatingashitiog used in Brearaplevils Thempsudt wadbthahdetrergh width of
fqr 1 second and.the hal.e di gneter of the

the et Rty St ey hadnsrontientiPrihogear nss

sédtionsl rofilel Aaslredicld tb@45/®gm! educed to 159.7 nm
Exanpl e 11 The procedure for the formation of a
hol e-patterned resist |layer on a sem conductor
silicon wafer was just the sane as in Exanple 1 except
that the hole pattern obtained had a dianeter of
180.3 nm The procedure of the coated thermal fl ow
process was al so just the sanme as in Exanple 1 except
that the aqueous coating solution of a water-sol uble
resin was a 10% by wei ght aqueous sol ution of a
copol yneric resin of N-vinylpyrrolidone and
N-vi nyl i m dazolidinone in a copoly- nerization ratio
of 1:3 by weight. The result was that renoval of the
coating layer was conplete by washing with water for
60 seconds and the dianeter of the hole pattern of
the resist layer, which had an excellently orthogona
cross sectional profile, was reduced to 170.1 nm
Exanpl e 12 The experinental procedure was just the
same as in Exanple 2 except that the aqueous coating
solution of a water-soluble resin in Exanple 2 was
replaced 21 wth the coating solution used in Exanple
10. The result was that the trench width of the
trench-patterned resist |ayer, which had an
excel l ently orthogonal cross sectional profile, was
reduced to 345.3 nm 22 CLAIMS



WHAT IS CLAIMED IS: 1. A nethod for selection of a
wat er - sol ubl e resin used in the coated thermal flow
process for reducing the pattern di nension of a
patterned resist layer formed on a substrate surface
by the steps of formng a coating |layer of a

wat er-soluble resin on a patterned resist |ayer,

subj ecting the coating | ayer a heat treatnent to

effect thermal shrinkage ?L@Nﬁs coating layer and
reduction of the pattern di stons and renoving the

coating |layer by washing with water, the nethod

WHPIS BeAINMED Issteps of @ (1) forming a coating |ayer
of the water-soluble resin on the surface of an

unpat terned but photocured photoresist |ayer on a
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arwhitegnoving Unel eoatieg ilayer by veashingith fwaten theemgihodgomprises the
stéﬁsf‘éf:su ng of acrylic polyners, vinyl polyners,

cel lul ose-based polyners and al kyl enegl ycol - based

polymers. 3. The method as clained in claim2 in which
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5. The nethod as clainmed in claim1 in which the
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shrinkagé. of e coajlng layer and reduction o

pat t& %809 ?f@ﬁé&ﬁﬁgor?is’ Iag%er than the softening point

of the photocured photoresist |ayer.
(3) dissolving away the coating layer of the water-soluble resin by washing
with water at 23°C to determine the dissolving time taken for complete

removal of the coating layer.

2. The method as claimed in claim 1 in which the water-soluble resin is selected
from the group consisting of acrylic polymers, vinyl polymers, cellulose-based
polymers and alkyleneglycol-based polymers.

3. The method as claimed in claim 2 in which the water-soluble resin is an
acrylic polymer or a vinyl polymer.

4, The method as claimed in claim 3 in which the water-soluble resin is an
acrylic polymer.

5. The method as claimed in claim 1 in which the temperature of the heat
treatment to effect thermal shrinkage of the coating layer and reduction of the
pattern dimensions is lower than the softening point of the photocured photoresist
layer.



