Water soluble resin composition, method of pattern formation and method
of inspecting resist pattern Technical field of the invention The present
invention relates to a resist pattern forming method by which a separation
size or a hole aperture size of the resist pattern is reduced practically and
effectively below a limit resolution by forming a coated layer on a resist
pattern by use of a water-soluble resin composition, then forming a
modified I?%yjrer which is insoluble in a developer on the surface of the
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pattern in a semiconductor manufacturing process; a method of reducing
a dimensional fluctuation of a resist pattern that occurs upon electron

1o 68M Inadiation f a.sige measyring SEM by said modified layer; an
improved inspection method of a Size measurement of a resist pattern
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for forming microelements or for conducting fine processing. In the
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pattern. These positive or negative working photoresists
pattern by modifying the coated layer adjoining the resist pattern,
and thereby thickening the resist patternupon formation of a resist
pattern in a semiconductor manufacturing process; a method of
reducing a dimensional fluctuation of a resist pattern that occurs
upon electron beam irradiation of a size measuring SEM by said
modified layer; an improved inspectionmethod of a size measurement

of a resist pattern using a size measuring SEM; and a water—-soluble

resin composition used for these methods favorably and suitably.

Background Art

In the various fields such as a manufacture of semiconductor
device such like an LSI, a preparation of a flat panel display
(FPD) such like a liquid crystal display (LCD) panel, a manufacture
of a circuit substrate such 1like a thermal head and so on,
photolithography technology has so far been employed for forming
microelements or for conducting fine processing. In the
photolithography technology, a positive or negative-working
photosensitive resin composition (photoresist) is used to form

aresistpattern. Thesepositiveornegative-workingphotoresists



1 are applied on a substrate, mask-adjusted, exposed to light and
developed to form a resist pattern. The thus-formed resist patterns are
put to use as an etching resist and a resist applied upon impurity ion
implantation in manufacturing of, for example, a semiconductor device,
an FPD and a circuit substrate or as a plating resist and so on in
manufacturing of a magnetic head, and so on. In these years, as a
semiconductor device is becoming highly integrated, wirin re%gjjred in
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trials have been being made such as conducting a micronization of resist
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exceeding a limit of wavelength of light-exposure wavelength by the
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so Qther hand, the price of a device for a short wavelength or a device
applying a phase shift reticle etc is high. As one of the methods to solve
thosenproliermsy adfokbowing finegpatiesm forming methad dassbeeroming highly
proposed_wherein a positive or negative-working photoresist so far
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acid-crosslinkable material layer for forming a coated layer is
respond to the situation, a various kind of trials have been being

made such as conducting a micronization of resist pattern by
utilizing a light with a shorter wavelength, forming a finer resist
pattern using a phase shift reticle and so on, development of a
new resist to meet these requirements, a development of a novel
process, etc. However there are problems that it is difficult
to form a fine pattern exceeding a limit of wavelength of
light-exposure wavelength by the lithography technologyutilizing
exposure light so far applied and on the other hand, the price
of a device for a short wavelength or a device applying a phase
shift reticle etc is high. As one of the methods to solve those
problems, a following fine pattern formingmethod has been proposed
wherein a positive or negative-working photoresist so far publicly
known is used as a photoresist. That is, after forming a resist
pattern by the pattern forming method so far publicly known, an
acid-crosslinkable material layer for forming a coated layer is
formed on the thus-formed resist pattern. The material layer is
then crosslinked and hardened utilizing diffusion of an acid from

the resist pattern by heating to be made insoluble in a developer.



formed on the thus-formed resist pattern. The material layer is then
crosslinked and hardened utilizing diffusion of an acid from the resist
pattern by heating to be made insoluble in a developer. 2 Thereafter the
resist pattern is thickened by removing unhardened area by development
to conduct a fining of the resist pattern by narrowing a width between a
resist pattern and a neighboring other resist pattern, and as a result a fine
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possible t n a dimension of a space area In a resist pattern
andraciicelly antieffestively. Bheaakovecdaseribed éne eeb)st patteaxtorpng. ) .

method so far proposed, wherein a fine resist pattern below a limit
[PaEsaittidn bFhigrtxpoddre wavelength is formed practically and
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Japanese Laid-Open Patent Publication No. Hei 10-73,927

The above-described method is being paid attention to be
auseful methodas it isnot necessarytoinvest ahighprice facility
suchas light-exposuredevice for a short wavelengthand is possible
tocut downadimensionof a spaceareainaresistpatternpractically
and effectively.

The above-described fine resist pattern forming method so
far proposed, whereina fine resist patternbelowa limit resolution
of light-exposure wavelength is formed practically and effectively
by thickening a resist pattern and narrowing thereby a width between
a resist pattern and the other resist pattern, is mainly directed
toaresist pattern formed by a KrF resist (KrF responsive radiation
sensitive resin composition) and it exhibited the effect towards
a KrF resist. Whereas an ArF excimer laser exposure process is
proposed in these days aiming at further fining and an ArF resist
(ArF responsive radiation sensitive resin composition) is being

proposed with it. The KrF resist so far known is required to be



to a resist pattern formed by a KrF resist (KrF responsive radiation
sensitive resin composition) and it exhibited the effect towards a KrF
resist. Whereas an ArF excimer laser exposure process is proposed in
these days aiming at further fining and an ArF resist (ArF responsive
radiation sensitive resin composition) is being proposed with it. The KrF
resist so far known is required to be 3 transparent to 248 nm light source,
t ravhgpeasstine Ao reSisihnid Tedqiiredutodae, transpatenttioclABMeelght t is required
source. As a result, a polé/[(rgrer having a structure such that a protecting

£O REUpTEMERBAHESTirkS dctTIiCResin IRERRIIEFesinst Metifk@1s b/ @ polymer
ha@fﬁ%ngiﬁ*lﬁ@g@Qe%@ﬂakﬁ%@r@l f‘étt_*éecé&%be §Io€‘§ thesent roduced into

protecting groups, an alicyclic protecting group has been proposed, and a
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ind of polymer contained in an ArF resist, a resist pattern dimension
However awater-soluble resincomposition for forminga coated layer
so far proposed is not regarded to have a good applying property
on a resist pattern of high water repellency such an ArF resist
described before. Because of this it is not possible to form a
good coated layer. Inadditionthere isaproblemthat acrosslinked
hardened layer having sufficient film thickness is not formed in
a coated layer, which is thought to be brought by insufficient acid
diffusion from a resist pattern. Besides depending on the kind
of polymer contained in an AxF resist, a resist pattern dimension
is fluctuated by an electron beam exposure according to a size
measuring SEM after forming a resist pattern. Therefore there
exists a resist of which it is not possible to conduct an accurate
size measurement and it is one of the factors which make a
semiconductor manufacturing process difficult.

The present invention was made considering the above
described situation. An object of the present invention is to
propose a pattern forming method of reducing a separation size

or a hole aperture size of a resist pattern belowa limit resolution



is fluctuated by an electron beam exposure according to a size measuring
SEM after forming a resist pattern. Therefore there exists a resist of
which it is not possible to conduct an accurate size measurement and it is
one of the factors which make a semiconductor manufacturing process
difficult. The present invention was made considering the above

described situation. An object of the present invention is to propose a
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developer on the surface of the resist pattern and thicken thereby the
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théayehis giMen oa Siresisppattermsuch as an ArF resist pattern which is
formed by a way so far applied and has a relatively high water repellency
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heating; and an inspection method of a resist pattern by which a
cau#aensignanflecteationccausedbydradiatiore obdrt electropbearria formation,
whéﬁg52$Qa coated layer is given on a resist pattern such as an
ArF resist pattern which is formed by a way so far applied and
has a relatively high water repellency and then a modified layer
which is insoluble in a developef is formed on the surface of the
resist pattern by modification of the coated layer by heating;
and an inspection method of a resist pattern by which a dimensional
fluctuation caused by irradiation of an electron beam is reduced
uponabove-described inspectionof a sizemeasurement for theresist
pattern with a size measuring SEM.

Furthermore another object of the present invention is to
propose a water-soluble resin composition which is preferably and
suitably used for forming the coated layer in the above-described
pattern forming method of reducing a separation size or a hole
aperture size of the resist pattern practically and effectively
below a limit resolution by thickening the resist pattern, the

above-described method of reducing a dimensional fluctuation of

is reduced.

Disclosure of the invention



upon above -described inspection of a size measurement for the resist

pattern with a size measuring SEM. Furthermore another object of the

present invention is to propose a water-soluble resin composition which is
preferably and suitably used for forming the coated layer in the

above-described pattern forming method of reducing a separation size or

a hole aperture size of the resist pattern practically and effectively below

a limsesolutiem by thickenigg the tesistqattend, deaabone:descsipethe present
method of reducingﬁa dimensional fluctuation of is reduced. Disclosure of
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attained by containing of an acid generator that can generate an acid by
an heating imtheaboverdesaribetl evaddresodulzie sesim Ipoinposttonvetdhilsla resin
coated layer formingmaterialusedforcoating the resist pattern_and further
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to relatesdespaitern farairg sygthod to reduce a separation size or a hole

aperture size of a resist
It means that thepresent inventionrelates toawater-soluble
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resin composition characterized in comprising at least a
water-soluble resin, an acid generator that can generate an acid
by heating and a solvent containing water.

The present inventionalsorelatestoapattern formingmethod
to reduce a separation size or a hole aperture size of a resist
patternpracticallyandeffectivelybelowa limit resolution, which
is characterized in comprising a step of forming a coated layer
by applying thewater-solubleresincompositiononaresistpattern,
a step of forming a modified layer of the coated layer which is
made insoluble in a developer in a determined width on a surface
of the resist pattern described before by heating the coated layer
describedbefore, anda stepof formingapatternhaving themodified
layer on a surface of the resist pattern by developing the coated
layer described before.

The present invention further relates to a method to reduce
a dimensional fluctuation of a resist pattern caused by electron
beam irradiation, which is characterized in comprising a step of
forming a coated layer by applying the water-soluble resin

composition described above on a resist pattern, a step of forming



pattern practically andeffectivelybelow a limit resolution, which is
characterized in comprising a step of forming a coated layer by applying
the water-soluble resin composition on a resist pattern, a step of forming
a modified layer of the coated layer which is made insoluble in a
developer in a determined width on a surface of the resist pattern
described before by heating the coated layer described before, and a

a wiRn efifesming,a patierndiavingthednodifiod Jayeriema syriage of thesoluble in
resist pattern by developing the coated layer described before. The
a dgresempiavention fatrerrdard widewbdievadiec odirhbssiohal st pattern

aedligtiption el2 resist patiern eaysed by elegtion, bepm nadiation, whieh 1o,
is characterized in corXprlsmg a s?ep of forming a coat‘\é%ﬁayersoy
and@pglyiigethesratecsalible resinacarapositicr deseribrd ahode pnadessler on a
pattern, a step of forming 6 a modified layer of the coated layer which is
suriafeinsdiubieh BarvelopBrih teddteMinatPWRIHP BA RSsuFfBte 6PREed layer
de 'itboea&telg% #esgribed before by heating the coated layer described
efore, and a step of forming a pattern having the modified layer on a
surfathefthe sesist pattetntbydefretopinerthe teated layerndasseleett i on method
before. The present invention further relates to an inspection method of a
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above ona resist pattern, a Step of forming ‘a modified layer of the coated
corgy@s Whichisimade ifsafubledr caaleveloperiiata determined widthegnaf forming
a ég&?%ig&ﬂ%g;g?tg%ﬂ%rg coated layer which is made insoluble in
a developer in a determined width on a surface of the resist pattern
described before by heating the coated layer described before,
a step of forming'ajpattern.haviné the modified layer on a surface
of the resist pattern by developing the coated layer described

before, and a step of measuring a resist pattern size by an electron

beam irradiation to the pattern described before.

Brief explanation of the diagrams
Figure 1 shows an explanatory diagram explaining a pattern
forming process of the present invention.
Figure 2 shows a graph showing a size measurement fluctuation

ratio of a resist pattern.

Hereinafter, the present inventionwill be further described
inmore detail on the water-soluble resin composition of the present
inventionandapattern formingmethodusing thewater-soluble resin
composition, amethod toreduce the fluctuationof a sizemeasurement

value of a resist pattern by irradiation of an electron beam and



described before by heating the coated layer described before, a step of
forming a pattern having the modified layer on a surface of the resist
pattern by developing the coated layer described before, and a step of
measuring a resist pattern size by an electron beam irradiation to the
pattern described before. Brief explanation of the diagrams Figure 1
shows an explanatory diagram explaining a pattern forming process of
an thepmsentiioue monh &@ued 2ahows Bsgraph shewing a size
measurement fluctuation ratio of a resist pattern. Hereinafter, the present

inverftioh Will bk HartHEr eSchiBed i fndre Hetai PO BREwhEPRoftibis e Present

inVesiR £eRRASItiop Ofdhe PEESeal inveHion, ard A-Ratter iamiag Metvposition
using thewater-soluble resin composition, amethod to reduce the
of fhletuntiermsftsizevraddsiprantrpzisesf atrebist phttewalheiradiatioh bg resin,

» 20 eloction beam and, 7.an Jnspection methiod of aeSSLEANAIN FISH o1 ven
the Wa%r-SOfU% € resin compostiion ojf?he presentl invention le'lpge
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of solahikiy iof irewasiatn watenisr@iymeki%h dghigher. AsthBe water-soluble
water-soluble resin used in the water-soluble resin composition of the

regigsatterventibhStHERS BXT BE ERBHBIHES AhdiRBRAFMEL6ngOf the present

invention, there can be exemplified a homopolymer or a
multi-component copolymer of vinyl monomer witha hydrophilic group
and a polycondensated polymer with a hydrophilic group. Examples
of these resins include polyvinyl alcohol (including a partially
saponified substance), polyacrylic acid, polymethacrylic acid,
poly(2-hydroxyethylacrylate) , poly(2-hydroxyethyl methacrylate)
poly(4-hydroxybutyl acrylate), poly (4-hydroxybutyl
methacrylate), poly(glycosiloxyethyl acrylate),
poly(glycosiloxyethyl methacrylate), polyvinylmethyl ether,
polyvinylpyrrolidone, polyethylene glycol, polyvinyl acetal
(including a partially acetalized substance), polyethyleneimine,
polyethyleneoxide, a copolymer of styrene and maleic anhydride,
polyvinylamine, polyallylamine, a water-soluble resin containing
an oxazoline group, awater-solublemelamine resin, awater-soluble
urea resin, alkyd resin, sulfonamide or salts thereof. These can
be applied singly or a combination of two or more kinds. Of these
resins, a copolymer represented by the general formula described
below 1is particularly favorable. This polymer may be either a

random copolymer or a block copolymer, however a random copolymer



multi-component copolymer of vinyl monomer with a hydrophilic group,
and a polycondensated polymer with a hydrophilic group. Examples of
these resins include polyvinyl alcohol (including a partially saponified
substance), polyacrylic acid, polymethacrylic acid, poly
(2-hydroxyethylacrylate),poly (2-hydroxyethylmethacrylate)
poly(4-hydroxybutyl acrylate), poly(4-hydroxybutyl methacrylate),

is p@@é@gg@ggethyl acrylate), poly(glycosiloxyethyl methacrylate),
polyvinylmethyl ether, polyvinylpyrrolidone, polyethylene glycol, polyvinyl
acetal (including a ﬁrtially acetalized{%ubstance), polyethyleneimine,
polyethyleneox C styren aleic anhydride,
polyvinylamine, polyallylamine; atgr-soluble resintontaining ang
oxazolinegroup,a water-soluble melamine resin, awater-soluble urea
resin, alkyd resin,/ulf ide or salts thereof. These can be applied
singly or a combination of two or more kinds. Of these resins, a
copolymer represented by the general formula described below is
particularly favorable. This polymer may be either a random copolymer or
a block copolymer, however a random copolymer 8 is preferable. R Rz N
R3 n ~I) /J~ O Wherein R1 and R2 each represent independently a

Whewardyeh atdtl & LABthyi P RireltESHRE TR btokyt grig, agen atom or
a ﬁéﬁ?ﬁﬁﬂé&QH&L'990?é§¥é££nts a hydroxyl group, a carboxyl group,

-OCOR* or
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, R* represents an alkyl group and m and n each are a number of
10 to 100,000.
A polymer represented by the general formula (II) described

belowis alsoawater-soluble resinwhichcanbepreferably applied.

Wherein R' represents a hydrogen atom or a methyl group and m is
a number of 10 to 100,000.

The weight average molecular weight of the water-soluble
resin is preferably 1,000 to 1,000,000, more preferably 3,000 to

200,000. Whenthemolecular weight of the resin is less than 1,000,



R4 represents an alkyl group and m and n each are a number of 10 to
100,000. A polymer represented by the general formula (Il) described
below is also a water-soluble resin which can be preferably applied. R (n)
N / YO Wherein R1 represents a hydrogen atom or a methyl group and m
is a number of 10 to 100,000. The weight average molecular weight of the
water-soluble resin is preferably 1,000 to 1,000,000, more preferably
th&,Gagptbi 26®,i000t Wheretheanfiolésuldeweighoobthedesin idteskalmall y, able to

000, 9 the applicability thereof is deteriorated tq be hardly able to_ obt
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re§tahility, okan spplied filmrwih thesglapseofdime. PnHheiRersidg vheps time.
the molecular weight is higher than 1, 000, 000, a stringy phenomenon is
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on Whereaspasmeabidity9é adifesis drfesien Ibdhg easewhies i n a homogeneous
water-soluble resin composition of the present invention is applied for
coad@iing BigBte&ing MBRItied AR} In BtéEM0 SontBldldizedropping amount.
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upon measuring of a resi st pattern
inferior.

In the case where the water-soluble resin composition of
the present invention is applied for forming a protecting modified
layer in order to control a size measurement fluctuation of a resist
patterncausedbyanelectronbeamuponmeasuringof aresist pattern
sizeby SEM, thewater-solubleresin ispreferablytobeaparticular
type of polymer showing a determined level of resistance toelectron
beamirradiationtobe generatedby a sizemeasuring SEM, for example
a polymer having an imidazole group.

As an acid generator able to generate an acid by heating
and used in the water-soluble resin composition of the present
invention, a compound generating an acid by heating at 70 to 160°C
is preferred and an amine salt of an organic acid is preferred
above all although there is no restriction if it may generate an
acidbyheatingand it maybeawater-soluble compound. Furthermore
as an amine salt of organic acid, an acid generator represented

by the general formula described below is preferred.
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size by SEM, the water-soluble resin is preferably to be a particular type
of polymer showing a determined level of resistance to electron beam
irradiation to be generated by a size measuring SEM, for example a
polymer having an imidazole group. As an acid generator able to generate
an acid by heating and used in the water-soluble resin composition of the
present invention, a compound generating an acid by heating at 70 to
160C is preferred and an amine salt of an organic acid is preferred
above all although there is Ro restriction if it may generate an acid by
heating and it maybe a watar-soluble compound. Furthermore as an
amine salt of organic ac acid generator represented by the general
formula described belowds preferred. 10 R5 O=S=0 (Illl) 10 H+
7CH2CH3 CH3CH2-N IC1I2CH3 Wherein R5 represents an alkyl group,
a hydroxyl group or a carsder @roup. A surface active py may be
further added into the watQ')*-squbIe resin composition of the present
invention, if necessary. As ngeferable concrete examples of the surface
active agent, although thetée js no I’@?_}I’I&Tﬁ)n if it may be able to improve

CH;CH,— N~
CH,CH;

Wherein R® represents an alkyl group, a hydroxyl group or a carboxyl
group.

A surface active agent may be further added into the
water-soluble resin composition of the present invention, if
necessary. As preferable concrefe examples of the surface active
agent, although there isno restriction if it may be able to improve
an applicability of a water-soluble resin composition, there can
be raised Fluorad manufactured by 3M company, Nonypol manufactured
by Sanyo Kasei company, Megafac manufactured by Dai-Nippon Ink
and Chemicals, Inc., acetylene alcohol such as a compound
representedby thegeneral formula (IV) describedbelow for example,
acethylene glycol, polyethoxylate of acethylene alcohol,

polyethoxylate of acethylene glycol or the like.

7 8

; ;
RC—C c=—c—4{cc— R9ﬁ—H
‘ \ ‘ K (IV )
0

(OCH,CH,—~O0H ¢

CH2CH2ﬁS—OH

Wherein R® represents a linear or branched alkyl group having a
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an applicability of a water-soluble resin composition; there can be raised
Fluorad manufactured by 3M company, Nonypol manufactured by Sanyo
Kasei company, Megafac manufactured by Dai-Nippon Ink and
Chemicals, Inc., acetylene alcohol such as a compound representedby
the general f ormula (V) describedbelow f or example, acethylene glycol,
polyethoxylate of acethylene alcohol, polyethoxylate of acethylene glycol
cadie ikenbeAREERICHC DR H'S &l BF ) sfUEHZEH2e=6t independently
(OCH2CH2 OH Wherein R6 represents a linear or branched alkyl group
H %v%gl&n@Ear‘BBnW% 14 ! RIZMHIPRBE4ER Yo freSBRPOR number of
1 dpdgpendently, FLara inear qribjanched-ajiylgropp haying A caDOR - oup having
number of 1 1o 3, R9 represents a linear or branched alkyléne group
a daanttagn ancarbem rmuimbet of 1o 20,iksin0a@r 1, archdandsshdachaepieseapresent
independently an integer including 0.) Among the surface active agents,

IndeRERASREINRE Aldtfifiehe URTOHDOREtHbxYlate of acethylene
alcohghang Pehethaxylate ekacgtbylepe alyerla¢e Partigulariy Arefesred 1 cohol

As acetylene alcohol and acetylene glycol, there are exemplified
aceﬁhmﬂngbm@yp@bL3pmém?mqﬂxmﬂ&§$opf acethylene alcohol and

po ULt ochpe3 ool 24,7 eoanel o deaune 09 prererrea.

-dimeé exyn Ime i0
As ZedipetyEZ0-hexanedioland:se on e PolypthoxylalgOfe are exemplified
3-methyl-1-butyne-3-0l, 3-methyl-1-pentyne-3-0l,

3,6~-dimethyl-4-octyne-3,6-diol,
2,4,7,9-tetrametyl-5-decyne-4,7-diol,
3,5-dimethyl-1-hexyne-3-01, 2,5-dimethy-3-hexyne-2,5-diol,
2,5-dimethyl-2,5-hexanediol and so on. As polyethoxylate of
acethylene alcohol and polyethoxylate of acethylene glycol, there
areexemplifiedpolyethoxylate of acethylene alcohol or acethylene
glycolwhichis concretelyexemplifiedabove. Thesesurfaceactive
agents can be applied singly or in a mixture of two or more kinds
thereof, the formulated amount thereof is preferably 50 to 2,000
ppmrelative to awater-soluble resin composition, more preferably
100 to 1,000 ppm.

The water which is used as a solvent in the water-soluble
resin composition of the present invention is not particularly
limited if it is water and one from which organic impurities or
metal ions are removed by distillation, ion exchange treatment,
filter treatment, a various kind of absorption treatments and so
on is preferred.

In addition, it is possible to use a water-soluble organic

solvent with water aiming at an improvement of applicability and

12



acethylene alcohol and polyethoxylate of acethylene glycol, there are
exemplified polyethoxylate of acethylene alcohol or acethylene glycol
which is concretely exemplified above. These surface active agents can
be applied singly or in a mixture of two or more kinds thereof, the
formulated amount thereof is preferably 50 to 2,000 ppm relative to a
water-soluble resin composition, more preferably 100 to 1,000 ppm. The

so Water whigh ds-used a$a solyeafdn the watersalubleatesineomposiioned if a
the present invention is not particularly limited if it is water and one from

solwhithWryantdinreifiesiar i@t fons %re?reﬂnoio_’@& B diisthlafidn, fohgher. As
wa t%)§.’ch sal cg Q%grf & t(r)n rec_:rf]é’ng{léerstcgﬁ%t epér’],ga é'?gséﬂ%dbog %Qéé)rﬁ%tioﬂf ied alcohols

treatments and so” on is preferred. | ition, it 1S possible to use a

suchates-seduie drganioselvent vtiilwates aimihg at sopmppovenmdrtaiol and so
applicability and 12 so on. Water-soluble organic solvents are not limited

on;if ¥ edohitsiity HeFdof APWAER BE welsht BY SFAigher AsCWater SoRpR-arncne.
cy<IGROICSONENL, ere candie @empliied ARl SYch 88 MEl hyl acetate

alcohol, ethyl alcohol, isopropyl alcohol and so on; ketones such as
andasetone, atdtiyylethylketyos Rampeaicne] eydiehexsnorie andsdon;ene glycol
esters suchasmethyl acetate, ethyl acetate and so on; ethylene glycol _
mOnBRESKy! e?rjﬁsbrgJéuck?gglgi?h%%e%}%%?ﬁm&%%ﬁeet%%ﬁyeihe{tq&%%/leﬁg d so on;
et HYYEQldngnoetby! aibaranct e ai Hathyleneglycol naenroalky etheklene glycol

acetates such as ethylene glycol monomethyl ether acetate, ethylene
monglyedi mydne&thgrettns zbtatec BhY $6™0R; PrpHetaNaet hiohedlikgr acetate

an&ﬁggéﬁﬂdb%%%g%¥§geglycol monoalkyl ethers such as propylene
glycol monomethyl ether, propylene glyccl monoethyl ether and so
on; propylene glycol monoalkyl ether acetates such as propylene
glycolmonomethyletheracetate,bropyleneglycolmonoethylether
acetate and so on; lactic esters such as methyl lactate, ethyl
lactate and so on; aromatic hydrocarbons such as toluene, xylene
and S0 on; amides such as N,N-dimethylacetamide,
N-methylpyrrolidone and so on; lactones such as vy -butyrolactone
and so on; and the like. Among these solvents, lower alcohols
having C; to C; such as methyl alcohol, ethyl alcohol, isopropyl
alcohol and soonare preferable. These solvents canbeusedsingly
or in a mixture of two or more kinds thereof. These solvents can
be used in the limit wherein a resist pattern is not solved out
by a water-soluble resin composition which contains the solvent.

In the water-soluble resin composition of the present
invention, it is preferred that 1 to 30 parts by weight of the
water-soluble resin and 0.01 to 10 parts by weight of an acid
generator relative to 100 parts by weight of the water-soluble

resin composition are contained.
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glycol monomethyl ether, propylene glycol monoethyl ether and so on;

propylene glycol monoalkyl ether acetates such as propylene glycol

monomethyl ether acetate, propylene glycol monoethyl ether acetate and

so on; lactic esters such as methyl lactate, ethyl lactate and so on;

aromatic hydrocarbons such as toluene, xylene and so on; amides such

as N,N-dimethylacetamide, N-methylpyrrolidone and so on; lactones such

as y-Bitykdiactbe 1avtiswon safietHedket Anisiidiiesa seReptsa folver size or

Icohols  having C, to €4 such.as methyl alcohol, ethyl alcohol, isoprapyl
2 112350l &ha 5or Sre préferabla. Thise SoAR(s b bé Ubed Sgly rarn 1Y =nd

e f BdBkilre Df twe Do were kindsttheeend 1 Thesersdlyentis tag beesed tiethesoluble
limit wherein a resist pattern is not solved out by a water-soluble resin
regbmpesiBR WHidtPEorAins Mfe BEIDERT In B VFAEF-S5lubR rB§iRhicd to reduce

a sSYDRESILON Qb 1DE PEsERt Jventon, f is,pgfered 1hat .19 30.pAS BY e 1ectron

weight of the water-soluble resin and 0.01 to 10 parts by weight of an acid
be greneratad isdativericof08 pasdsinaweighhnof tEeMiaterasdlubler hesmater-soluble
composition are contained. 13 In the following, a method to reduce a

Te SRR SizE bPhHoled SIRF(G RS Bize: BFAB re S8t pAREATIALIRE iR me thod
ot effgatively bglavia limitreselution by ysing the wates:saluble; 18sin ze measuring

composition of the present invention, a method to reduce as ize
SEMnheazuremertfnd@atiernoby resiSepatiery caasdd dyeleoson theamessary. In

irr déjaoﬁion,ofsize easurin%SE t%/usin the water-soluyble resin

EheSRpOSHAN 81 THE pRISRRTRVentiBR, Zhaal Mdpetibh Péthdt b §5ibd s formed
by BRAAWIERERLQHA FaSISt RRIGA:RUSIAY 3 8128ERARIWING However the resist

pattern according to each method of the present invention is not
limited to the ArF resist pattern.

Figures 1 (a) to 1 (e) show process diagrams to explain a
method of forming a developer insoluble modified layer on a surface
of anArFresist patternbyusingthewater-solubleresincomposition
of the present invention and in each diagram, a substrate, a
photoresist, a resist pattern, a coated layer, a modified layer
and so on are shown as a cross section view showing a frame format.
First, as shown in Figure 1 (a), an ArF resist (for example, a
positive-working chemically amplified resist) is applied on a
substrate to be processed such as a semiconductor substrate 1,
for example in order to form a photoresist layer 2 thereon. Next,
the photoresist layer 2 is exposed to light by using an irradiation
device having an ArF excimer laser 1ight source through a photo-mask
which 1s not diagramed, followed by developing to form a
positive-working pattern 3 (see Figure 1 (b)). Then, as shown
in Figure 1 (c), a water-soluble resin composition of the present

invention is applied as covering this resist layer 3 to form a
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SEM are now explained by referring to diagrams if necessary. In the
following explanation, the case where a resist pattern is formed by an ArF
resist will be raised as an example. However the resist pattern according
to each method of the present invention is not limited to the ArF resist
pattern. Figures 1 (a) to 1 (e) show process diagrams to explain a method
of forming a developer insoluble modified layer on a surface of anArF

cod€sigt pajern byusinthiveauateesoluble resiwicompesitichrof thespr@sehle coated
invention and in each diagram, a substrate, a photoresist, a resist pattern, '
layggodted i eh o mpdifiedBy&C afd $67p%E SRoWh 1 Gess sedn an acid

py &Y ShRYINgA frame formay. i':r{rst@es InFigus J,e(a}easﬂt'%rﬁ:ompos ition
resist (forexample, a positive-working chemically amplified resist) is
o f applecearea tsithstsate tobe praceasedsiich @3 aygemicondecidcal lymodified

substrate 1, for example in order to form_a photoresist layer 2 thereon.

by RBxfcthe fdtere’ist thyer 2s dXpdsed o dGREBF tiSHg ah ffffetion - At this
t 1nfleVica,naVIRG anLVE1aXGIMeJasey ight spuice JRrQUgniaRpte-mask he coated

which is not diagramed, followed by developing to form a positive-working
laypattetn 3gsedFrire 1l X)) afiderlasshowhlin Figdrefliés) ,mmore intensively

water-soluble resin ¢ osition of the present invention is applied as
Ch el TS ATl o 6 BITR AL TR oSt By e THE EmBPie Tnsoluble
in esighpailept 3 andihe seated daver 4 agnhealeds ARACIG gRREIAIQN & chemical

which generates an acid by heating is contained in the water-soluble
Mo G EihGRRIFISINAT HINE pRESEHL fR/ePRioRUaRdANeToheid Riyerif the coated

1 ayﬁez rz ?r:% ﬁ%r%%% izyeld 5] qyeaprl:a:cf |1'(1:i g%réersaéﬁqlg?rg ts ea Ceid ﬂ%‘ ncetg%toéeb\ye loper (see
Figurel (d)). Althoughthe reasonwhythecoatedlayerneighboring
to the resist pattern 3 is more chemically modified than the other
are is not clear, it is guessed Eo be one cof the reasons that an
intermixing between a surface area of the resist pattern 3 and
the neighboring area to the resist pattern 3 in the coated layer
4 is taken place by heating, however the present invention being
not limited by this reason. Furthermore, the coated layer 4 where
the modified layer 5 which is made insoluble in the developer is
developed to form a pattern having the modified layexr 5 on a surface
of the resist pattern 3 (see Figure 1 (e)).

As described above, by forming themodified layer 5 described
aboveonthe surface (upper face and side face) of theresist pattern,
thebreadthbetweenaresistpatternandaneighboringregistpattern
is narrowed to make it possgible to reduce a separation size or
a hole aperture size of aresist patternpracticallyandeffectively
below a 1limit resolution. As the modified layer described above
can play a role of a protecting layer against an electron beam,

it is possible to restrain a size measurement fluctuation of a
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time, an area neighboring to the resist pattern 3 in the coated layer 4 is
physically and chemically modified more intensively than other area to
form a modified layer 5 which is made insoluble in a developer mentioned
later. On the other hand, as a chemical modification does not advance so
much on other area of the coated layer, the area is kept in the soluble
state in the developer (see Figure | (d)) . Although the reason why the
re goafed #yer nBiGhLOERG Abakd psiE paHeres Isnpblecdiemicallyi ze measuring

odifigd thandhe.oftier are is not cledr, it s dugssed o be.one oL g, g ona)
réasons that an in e¥mixing bStwEen 5 sufface area oﬁﬁe résist pattern 3

f 1asdutheinsighderiag ateaie thepeesist patteya 3vwe the coatedblayemmdist a size
taken place by heating, however the present invention being not limited .
me G TeRsor F@th&oté, Patdortdl Byet SwhEr WS Hoehdlayespection

of 2avhich s, pade Msoluble,n the deyeloperis, deyalopad o form a pattern
having the modified layer 5 on a surface oa} the resist pattern 3 (see
Figurete(epdAa discrived siboverdoyderhning theonadified telyeérch i s applicable
described above on the surface e(gp er face and side face) of the resist
i

£ Jetfeth T BRSO BNEER Y 1§ APRYGhBENNG Fedidy Tadiation
seRBIEy L DIEINCR NGBS IRARSING (9 IS SRR BRCM P pup 1 i1y

ole aperture size of a resist pattern practically and effectively below a
aptifnitddsoludisnaAs alde eiodifie ddeyeridesesbed abhove aepapiay aoole dflzere can

prot.ectirég Iaéer agajnst an el?(c,tron beam, itis possiple, to restr:airﬂ a aﬂzie_Soluble

be hBA&SFEnTe MR bluntion 6P A <18 FediSSatterh BYRMrATARSn 3}
re glgctrondieany oha sBemeasssing  SEMaPGeorNNy it énR0SSRIR t&-csin or an

restrain a dimensional
acrylicresinandaquinonediazide compound, achemicallyamplified
positive or negative-working resist wherein an acid is generated
by irradiation of light and a resist patternis formedby a catalytic
action of the generated acid, and so on. Of these radiation
sensitive resin composition, a chemically amplified
positive-workingresist whereinanacidis generatedbyirradiation
of light and a resist pattern is formed by a catalytic action of
the generatedacidispreferred. Inthehighwater repellent resist
pattern formed from, for example, an ArF resist, it was so far
difficult to formacrosslinked filmof a water-solubleresinhaving
sufficient filmthickness onthe resist patternby forming a coating
layer of a water-soluble resin to be crosslinked by an acid on
the resist pattern and to crosslink the coating layer of the
water-soluble resinbydiffusionof anacid fromthe resist pattern.
Referring to the fact, as a radiation sensitive resin composition
to which the water-soluble resin composition of the present
invention is applied, the radiation sensitive resin composition

with a relatively highly water-repellant, for example, ArF resist
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fluctuation of a resist pattern as well as to conduct a size measurement of
a resist pattern in a size measurement inspection of a resist pattern by a
size measuring SEM. The radiation sensitive resin compositionwhich is
applicable to form the resist pattern 3 described above may be any
radiation sensitive resin compositions so far publicly known and publicly
applied. As a radiation sensitive resin composition, there can be raised a

is hostiveswarking resist comntising an glkali-sglyble yasinspichasnovalak o iy own
resin, a hydroxystyrenetype resin or an acrylic resin and

t haiquanerietkazidecompoutl; afchenticallylamplifiech pos#ivetorpattern is taken
negative-waorking resist wherein an_acid is ggnerated by irradiation of light

P1af UTEGSHaRET IS formed by A LREIR PO PoTie GartratBg R sPect ion
by A $6 0Mm&Y dheseradialion Sensitivg 4GSIRGOMRASIION, ahemicallyy e ferred

amplified positive-working resist wherein an acid is generated by
tharradiatiohl ot lighn smha Fésistepatesrlis fompersby & eatdlgtisradion oksist from

the generated acid is preferr d.%:n th rii tlgwat r repellent resist pattern
e TG o o R AL L ATE el (S Co A AT HIS T have been

be CHRpSHRkeblanoa watessol e resimbaying raaficient g thickRess Gublicly
the resist pattern by forming a coating layer of a water-soluble resin to be
kN@YEs SRR drf ddicPaP e e ddtipatee i BhE 1©3¢F0BSIiMER codtihggddition,

layer (%f the Water-sfoluble resin %di usion of an acicg.frocm the resist. , . .

a resls tf eXrrl OEmen& me 0d.uslng a .xadlatlon sen.?.ltlve resin
pattern. “Referring fo the fact, as a radiation sensitive resin composition to

conpieh theamaterysokibleyesit hempasition pkihepteseal wiengemspplication
applied, the radiation sensitive resin composition with a relatively highly

meWﬁﬁgﬂKﬁﬁﬁéﬂ?ﬂﬁ%&ﬁﬁ@ﬁf%«ﬁ?@ﬁ@d' a baking method, a developing

method, a rinsing method and so on.

As a method applying the radiation sensitive resin
composition which is a coated layer forming material of the present
invention, there may be utilized a proper method such as a spin
coatingmethod, a spray coatingmethod, adippingapplicationmethod,
or a roller coating method which has so far been known. After
being applied, the coated layer forming material is prebaked if
necessary to make the coated layer 4. The conditions of heat
treatment for the coated layer are a heating temperature of
approximately 70 to 160°C and a heating time of approximately 60
to 120 seconds, preferably for 50 to 80 seconds. The heating
temperature is preferably the temperature that an intermixing
between a resist pattern and a coated layer is taken place. The
film thickness of a modified layer to be formed can be adjusted
properly by temperature and time of heat treatment, a radiation
sensitive resin composition to be used, a water-soluble resin
composition to be used, and so on. Therefore these conditions

may be set up depending on how much it i1s necessary to thicken
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16 is preferred in the present invention. In addition, it is known that a size
measurement fluctuation of a resist pattern is taken place with the resist

pattern formed by anArF resist upon inspection by a size measuring SEM

as already mentioned, and it is preferred that a radiation sensitive resin
composition is an ArF resist from the view point to prevent it. Although

many ArF resists have been being proposed and come onto the market,

any of those publicly known and publicly applied ArF resists can be used.

I gddition. g resist pattern forguing fuetheg ising A sadiatian Seasitiye s ¢ formeq
resin composition maybe any methods so far known including an

apphcaiont arakdd ta ightasgesuteomedint; @ bdlend methodtalon of a size
developing method, a rinsing method and so on, As a method applyin
e s e Lo et AT T RBgon peam
mmaterddkafitbe présens ineentam théreyns@Mbeptitized zeprapesmeteda resist

such as a spin cqatingmethod, a spray coating method, a dipping , )
BB B ST bl oo EHBORMc has s SR gk 1aver is
krewarAfey heing applied the geatasblayr, forming material is prebaked

if necessary to make the coated layer 4. The conditions of heat treatment

for the COHEEH AR LR dhaSRPEATSdBESBE Sbsrosifariy oddor leaving
160Canch 2 heating Jeme of approrimately 60404129, 5660RES myefsrablY emoving

for 50 to 80 seconds. The heating temperature is preferably the
tempdidtdsdiepapddteratkng Weteen a rasxegagaiivdicda cobtegter and a

% ﬁ&%ﬁﬂbﬁ'é‘c‘é fimdhickngss of a modiligd laver,g pe foumgd ; h
caﬁe%e adjusted prg[%%/lby tsegmpera;%ure an(rjg %r%e of e%lt treatment, aglon she
#Fadi@MoH (tetramethylammonium hydroxide) and so on are applied.

Best mode for practicing the invention
The present inventionwill 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 (Preparation of a water-soluble resin composition A)
Polyvinylpyrrolidone-co-
polyvinylacetate 9.2 parts by weight

triethylamine salt of paratoluene

sulfonic acid ' 0.8 parts by weight
and
pure water 90.0 parts by weight

were mixed and then stirred sufficiently to solve. Thereafter
the solution was filtrated with a 0.2-pmfilter to prepare a

water-soluble resin composition A.

Example 2 (Preparation of a water-soluble resin composition B)
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sensitive resin composition to be used, a water-soluble resin composition
to be used, and so on. Therefore these conditions may be set up
depending on how much it is necessary to thicken 17 a resist pattern. In
the case that a modified layer is formed on a photoresist in order to
reduce the fluctuation of a size measurement value of the photoresist
against electron beam irradiation of a size measuring SEM upon
size-measuring a resist pattern, the breadth (film thickness) of a modified

tYeRS drefsrablymade do bg 2 to 100 nm. Furthermore, as a developing
agent that is applied for leaving the modified layer 5 which is formed by

HedNY ahdlieRic\a%@ Whmodified coated layer, water, a rflix@desditforPif weight
t ?L“P% ?@ﬁ[ﬂc&%lg organic solvent, an aqueous @I'l@lipsgp&tgorb ' oht

%ﬁ:g(las &) H (tetramethylammonium hydroxide) and so on‘are appli(%,d.Welg

Baist bindeafoi peacticlig the ipeeation The eresent invention will now be

described mare.specifically by reference to Examples which, however, .

asrlésfél%??ol Be%%}fsptrued to limit the present invention in ;anygwgﬁré}xsan]%’lewelght

gufFrepakation (Xeewgbsrsolul®e resincHmpositean A)

Polyvinylpyrrolidone-co polyvinylacetate 9.2 parts by weight triethylamine

Lt EAPAABIUERESLBRICREBY barts by weight and plé WwatF§oy weight

fadts by weight were mixed and then stirred sufficiently to solve.

Thereafter
pure water 93.8 parts by weight

were mixed and then stirred sufficiently to solve. Thereafter
the solution was filtrated with a 0.2-um filter to prepare a

water-soluble resin composition B.

Example 3

Formation of a contact hole pattern

A positive-working photosensitive resin composition, AZ
AX1050P-HS manufactured by Clariant Corporation (‘AZ’ is a
trademark.) was applied on a silicon wafer of 6 inch in diameter
treated with HMDS (hexamethyldisilazane) by a spin coater MK-8
manufactured by Tokyo Electron Co., Limited and pre-baked at 115°C
for 60 secondsonahotplatetopreparearesist filmof approximately
0.40 pm in thickness. Next, the resist film was exposed to light
through a pattern, in which hole patterns having various kind of
diameter sizes exist, byuse of a light-exposure device PAS5500/950
manufactured by ASML Company with an exposure wavelength of ArF
excimer laser (193 nm) and a post-exposure-bake (PEB) was conducted
at 110°C for 60 seconds on a hot plate. Thereafter the resist
film was spray-paddle developed under the condition at 23°C for

one minute using alkali developing agent AZ 300MIF Developer (a
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the solution was filtrated with a 0.2-mfilter to prepare a water-soluble

resin composition A. Example 2 (Preparation of a water-soluble resin

composition B) 18 Polyvinylpyrrolidone-co- polyvinylimidazole 4.5 parts

by weight polyvinylpyrrolidone 0.8 parts by weight triethylamine salt of
paratoluene sulfonic acid 0.9 parts by weight surfactant (Acetylenol EL
manufactured by Kawaken Chemical company) 0.002 parts by weight

and pure water 93.8 parts by weight were mixed and then stirred

suffigientyte sphvieyHbergafta e salution wasditrated with 232 4#% 1 ammonium
filter to prepare a water-soluble resin composition B. Example 3

Fyfnatidniet a BeRtHc Ak Fattdtl AGSSihvERvorldiiP pRotoSeAsitie® obtain a
%%%,q EQ{I}QO&I@& éZPMJeqqu HS manufactured by Clariant

orporation ((AZ'is a trademark.) was applied on a silicon wafer of 6 inch
in diameter treated with HMDS (hexamethyldisilazane) by a spin coater

! fugebgt okxo Electron Co _ Lémged gm aore baked at

approxuméelya(ﬂéﬁmltmiﬂﬂekrM1Ne«t;mpem&ﬂtdﬁimmaaexp@@ﬂmwd on the

ht through a pattern, in which hole patterns having various kind of
HRRIa(Br LARe 0D LR8O B 8 Bo BT ETE P MRS o Bau factuzed by

Tokyo Electron Co., Limited and baked on a hotplate at 85°C for

70 seconds to prepare so as to obtain a water-soluble resin film
of approximately 0.35 umin thickness. Furthermore, a mixing bake
was conducted on a hotplate at 110°C for 90 seconds and a development
treatment with pure water was conducted under the condition at 23°C
for 1 minute to obtain a water insoluble modified layer of a
water-solubleresinfilmonthe contact holepattern. Furthermore,
baking treatment for drying was conducted on a hotplate at 110°C
for 70 seconds. Thereby was obtained a hole pattern, the hole

diameter of which was reduced.

Evaluation of a formation capability of a water insoluble

modified layer

Hole diameter sizes of hole patterns before and after a
formation of a water insoluble modified layer were measured by the
high accuracy external appearance dimension evaluation device
$-9200 manufactured by Hitachi Co., Limited, and a fluctuation of
a size measurement value at this time was observed. A dimension
reduction ratio was obtained according to the Formula 1 described
below and a formation capability of a water insoluble modified layer
of a water-soluble resin composition was evaluated with the

calculated values of a dimension reduction ratio. The result was
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manufactured by ASML Company with an exposure wavelength of ArF
excimer laser (193 nm) and a post-exposure-bake (PEB) was conducted
at 110C for 60 seconds on a hot plate. Thereafter the resist film was
spray-paddle developed under the condition at 23C for one minute using
alkali developing agent AZ 300MIF Developer (a 19 2.38 % by weight an
agueous solution of tetramethylammonium hydroxide) manufactured by
sh&uariazit (dapardb Ketorobfaina- Postive sasist pattern. Formation of a
pattern having a modified layer The water-soluble resin composition A
was applied on the thus-obtained hole pattern by a spin coater MK-8
ma@uf?ctu %d géf Tokyo Electron Co., Limited and baked on a hotplate at
85¢C for Seconds to prepare so as to obtain a water-soluble resin film
of appiedatednO-22uirain tbiskness J-ygthermaered enaingdrake A% formation
conducted on a hotplate at 1100C for 90 seconds and a development
of trantifenPhith bar&'QRdidrifss éanicted Gidense eondifice &t foomafeion of an

. ' t ip.a.water j ble, modifi er of -sqlubl .
L e A ferh, RSy Bt O e bl son of an
inshying wasresadiidted on=a/batplatecat DHOC for 70 seconds. Thereby was

obtained a hole pattern, the hole diameter of which was reduced.

Evaluation of a formation capability of a water insoluble modified layer

Hele diamaetey, sizes of hole patterns before and after a formation of a

water insoluble modified layer were measured by the high accuracy

exterfibkappaetapoecdimdnsionseyvaiuatioradepite 3 was carried out except

for using a water-soluble resin composition B instead of a
water-soluble resin composition A to obtain a size-reduced hole
pattern with a water insoluble modified layer, and the dimension
reduction ratio of the formed héle pattern was calculated as in

example 3. The result is shown in Table-1 described below.

Comparative Example 1

The same procedure as in example 3 was carried out except
for using a water-soluble resin composition AZ R500 for forming
a coated layer manufactured by Clariant (Japan) K.K. (AZ R500 dose
not contain an acid generating agent.) instead of a water-soluble
resin composition A to produce a hole pattern with a water insoluble
modified layer, and the dimension reduction ratio of the formed
hole pattern was calculated as in example 3. The result is shown

in Table-1 described below.
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S-9200 manufactured by Hitachi Co., Limited, and a fluctuation of a size
measurement value at this time was observed. A dimension reduction
ratio was obtained according to the Formula 1 described below and a
formation capability of a water insoluble modified layer of a water-soluble
resin composition was evaluated with the calculated values of a
dimension reduction ratio. The result was 20 shown in the Table 1
described below. [Formula 1] Dimension reduction ratio (%) = {
[(dimension before formation of an insojuhle dnqdified layer) -(dimension
after formation-of an—insoluble-modifiedTayerj-{dimension-before
formation of an insoluble nttuiffad-legénpPXel00 ExampleghdPesametio
procedure as in examples3 was Fapesd 6dtoddept for using a

water-sgl}ygqe Les! o.mpos_ltlon B Qstead of a Water-i Il_JQIe resin 1[9 o
compaosition E fa or:i]gam a size-reduced hole_pattern with a water insoluble
modifiedtaygsland the dimension eeduction ratio of theofosmed hole 11.4 |
patterTwas tatcutatedas T exampte-3-T e Tesult s shown i Tabte=t
described®BEBHA "Comparative AZaRHsle 1 The same Fodedlire as in 4 . 0
ex%\%'?)lg%a\wgéga}r ed out except for using a water-soluble resin
composition AZ R500 for forming a coated layer manufactured by Clariant
(Japan) K.K. (AZ R500 dose not contain an acid generating agent.)
insteRfFGEE R risHBIESesin composition A to produce a hole pattern
l"r’]ithfa ‘%a?UQ%W@-JBQQ@ﬁg layge @nddhe dimepsipp feducigntatia fion, az
e forme
DX5240P manufactured by Clariant (Japan) K.K. was applied on a

silicon wafer of 6 inch in diameter treated with HMDS by a spin
coaterMK-8manufacturedby TokyoElectronCo., Limitedandpre-baked
at 90°C for 60 seconds on a hotplate to prepare a resist film of
approximately 0.54 pm in thicknéss. Next, the resist film was
exposed to light through a pattern, in which hole patterns having
various kind of diameter sizes exist, by use of a light-exposure
device FPA300 EX5 (NA=0.63) manufactured by Canon company having
an exposure wavelength of KrF excimer laser (248 nm) and a
post -exposure-bake (PEB) was conducted on a hot plate at 110°C for
60 seconds. Thereafter the resist film was spray-paddle developed
under the conditionat 23°C for oneminuteusinganalkali developing
agent AZ 300MIF Developer (a 2.38 % by weight aqueous solution of
tetramethylammonium hydroxide) manufactured by Clariant (Japan)
K.K. under the condition at 23°C for one minute to obtain a positive
resist pattern and to make it a matrix for inspection of a size

measurement fluctuation (reference).

Example 5
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hole pattern was calculated as in example 3. The result is shown in

Table-1 described below. 21 Table 1 Water-soluble Reduction ratio resin

composition Example 3 A21. 8 19.0 Example 4 B 10.5 11.4 Comparat

AZ R500 2.5 4.0 ive Example 1 Reference Example 1 A positive-working

photosensitive resin composition, AZ DX5240P manufactured by Clariant

(Japan) K.K. was applied on a silicon wafer of 6 inch in diameter treated

with HMDS by a spin coater MK- 8 manuf acturedby Tokyo

ElectropGo. Liniledandpie ﬁ%%kﬁgdaff%%%f%&@%@eﬁ% %eépt@m@le resin

prepare a resist film of approximately 0.54 pm in thickness. Next, the

mmﬂwtwag Bxpnséuqoﬂw Aeouwh aApRttaal BowhicIREIB piterhsed by the
vm varlo ;1{% Olfil%%gg [ sizes exist, | gy use Ofn?a %ht exposure inspection

VIC E%A% manufacture &anon company having

ah amamemxaim@mfﬁ&ﬂé‘eumnmﬂaseﬁ&% aima)nmruiaaspmﬁthole patterns
-ex ure bake& EB) was con rs#Cted onIJ:\1 hot_ plate at 110C for 60 h
Rco ‘asmaﬁﬁﬁ’é(a SRR WA Pray S AR RS 218 Elﬁ‘ﬁ&e?ﬁwé € same

senditionat P3Cilewsne Mniaute; usingensalkalindavelepmgrageniod ratios were
300MIF Developer (a 2.38 % by weight aqueous solution of

tatt st AT R OadEfmaharidR b PEIRRMR (Fifh) Kifee result
yndenthscanditaryat23¢ fopenemigyteto Qytaing pesiive 2)

By the way when measuring the modified layer of the matrix
used in the present Example, thickening of 22.8 nm in an effective

size was observed.

Measurement method of a hole diameter
By the evaluation device for a high accuracy external
appearance dimension, S-9200 manufactured by Hitachi Co., Limited,
an auto-focus and a size measurement were conducted at 600V of
accelerating voltage, 8.0pA of beam electric stream, 100,000 times
of a magnification, 35% threshold of a size measuring method and
64 times of image overlapping times at one point for 1 point and

1l set.

[Formula 2]
Size measurement fluctuation ratio (%) = [(size measurement

value at the time) / (size measurement value at first time)] X 100

Reference Example 2 and Comparative Example 2
By use of the matrix for an inspection of a size measurement
prepared in Reference Example 1 as a matrix for a measurement for

a reference and a matrix having an ArF resist pattern before being
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resist pattern and to make it a matrix for inspection of a size
measurement fluctuation (reference). Example 5 22 A matrix having the
modified layer of the water-soluble resin composition B on the surface of
ArF resist AX1050P obtained by the same procedure as in Example 3
was used as a matrix for an inspection of a size measurement fluctuation.
Hole diameters of hole patterns on the matrix were measured in a plural
number of times at the same point as follows, and size measurement

dystustion ratigsimare-galgyated %ngmgé%%ﬁwﬁ?ﬁééﬁ%e procedure
time. The result is shown in Figure 2 (black spot (.) in Figure 2). By the

iay iR e ting Fhe Fideified fajerar iiesrrErnd eR&fin thé fredepsurenent
EXampie,fgkening 022 A0 inatyefectiye, Slze wasoise /el neasurement

Measuremént method of a hole diameter By the evaluation device for a

dighheceareep extrernes reppeafireedi e hdidri S0 pramsfdutcretshin Example
itachi Cq., Limited, .an auto-focus and a size measyrement were

Lon BT STB00 of HeBTat g EROpAet boa Biditi; caloulated .

Bhearns10@,.0riimeso whaimagificaséian, 3564 thieshodd Df A sé#eows the result

measuring method and 64 times of image overlapping times at one

Ty RIGHEANE U Ao S b e A BG B AR b 78 Bxample

= [(size measurement value at the time) / (size measurement value at first
time)] X 100 Reference Example 2 and Comparative Example 2

As is clear from Figure 2, a size measurement fluctuation
of a resist pattern upon measuring a size of the resist pattern
by a size measuring SEM is hardly taken place in the case of KrF
resist from the result of Reference Example 2, however ArF resist
single layer causes a big size measurement fluctuation as shown
by Comparative Example 2. Whereas the fluctuation ratio can be
improved by forming the modified layer on a surface of an ArF resist
pattern using the water-soluble resin composition of the present

invention as shown in Example 5 (Figure-2 to be referred).

Effect of the invention

As mentioned above in detail, it becomes possible to apply
awater-solubleresincompositionwellontotheresist patternhaving
a high water repellency such as an ArF resist pattern on which it
wasdifficult toapplyuniformly the water-soluble resin composition
in the method so far applied and was difficult to form an
acid-crosslinked hard layer having sufficient thickness and also
it is possible to form a modified layer having sufficient film
thickness in a good controllability by applying the water-soluble

resin composition of the present invention as materials for forming
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By use of the matrix for an inspection of a size measurement prepared in

Reference Example 1 as a matrix for a measurement for a reference and

a matrix having an ArF resist pattern before being 23 coated with a

coated layer, which was prepared in the same procedure as in Example

3, as a matrix for an inspection of a size measurement in the

Comparative Example, a plural number of hole size measurements at the

same pqint were conducted with the same procedure as in Example_ 5,
2 CRRK Tl E AUCHATOR TAS 4 BaER o whbShicLlaH © THE FésUipe to Teduce
a s@S=ShOMIYA EigeEe 2 18 higuke Zp &vshews Biedewit DhRefeENedittern easily

Example 2 and shows the result of Comparative Example 2. As is clear
androed FRitied Pea BiZeaheds @emiht fluataaworilol anesist pditepirapéng a resist

measuring a size of the resist pattern_by a size-measuring SEM is har .
pa R L L A oL S EaRyy R S e oo
patt@niple ik haweyerAvéresis Shige fayel tatsepadid sida. Accordingly it
. measurement fluctuation as shown by Comparative Example 2. Whereas
1s femeRbtiontait TR Hhprésd By f&‘ﬁ*’ﬁﬁé th@Rlodifiéd Ry drigrrg pattern

or %]Eii a6e 05 20 AL [eSISt ypalter, using g Watelsoluible é%?@&‘i@ﬁ\‘ﬁ%o)é‘solut ion

e present” invention as shown in Example 5 (Figure-2 to be referred).
by Hiteet pirtheamrentionéstmentioned above in detail, it becomes possible
to apply _a water-soluble resin composition well ontg the resist pattern

havir 3 AlgFAWEREr FERTIdNES SeH Ao RIE SIS aREMh D WALl fuctuation
o £ Was dificult 10 apRly Lniformly;he, WalersS0ubie ISILEPTROSILAN, iils surement

method so far applied and was difficult to form an
inspection affected by an electron beam upon measuring a size of
aresist patternby SEM, it becomes possible tomoderate an influence
on a resist pattern by irradiation of electron beam by forming a
developing agent insoluble modified layer on a surface of a resist
pattern applying the water-soluble resin composition of the present
invention to improve a size measurement fluctuation ratio of an
ArFresistpattern. Thereforeit ispossibletoensure theretention
of quality upon manufacturing a semiconductor device easily and

to be able to manufacture a semiconductor integrated circuit and

so on in a high yield.
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acid-crosslinked hard layer having sufficient thickness and also it is
possible to form a modified layer having sufficient film thickness in a good
controllability by applying the water-soluble resin composition of the
present invention as materials for forming 24 a coated layer of a resist
pattern. Thereby it is possible to reduce a separation size or a hole
aperture size of a resist pattern easily and effectively below a limit
resolution by thickening a resist pattern which is high in water repellency
such as an ArF resist pattern with the water-soluble resin composition.
Accordingly it is possible to form easily and at small cost a fine trench
Whatpaiterrr lor iantkae hele pattern having a breadth below a resist limit
resolution by the present invention. And also for an ArF resist pattern
which has a high fluctuation of a size measurement ratio and has a
Zgrgqglgrepri_nsa |z§lrgeasurement mspe tlonnaff cted b an, elegtron beam
upon measuring a size of a 4 resist pat%ernqoy SERT, eec%lrr%es p&Ssible to
compmgderate an infkepteaow atesiss paueﬂrebymmdnatloamofaejdadtr@@heamtor
r entinsoluble modified layer on a surface of a
cap %sgt'%gg%a?r?dgegﬁ;/% th%%vateréoku%lzhres]Ei mpﬁg’tlon oﬁjhe pgesent
confpignition tedimprovevh sizeimeaberensdrtt flustiatioheatie of aniArRresist
copdBYiRY Theselore itis possibls,to ensiue the getentign, of guality upon
manufacturing a semiconductor device easily and to be a e'to
manufacture a semiconductor integrated circuit and so on in a high yield.
25 What is claimed is:

\W ®

wherein R' and R? each represent independently a hydrogen atom
or a methyl group, R’ represents a hydroxyl group, a carboxyl

group, -OCOR* or

\
w

R4represents an alkyl group, and m and n each are 10 to

100, 000.

2. The water—soluble resin composition according to claim 1,

wherein the solvent containing water described before is water.
3. The water—soluble resin composition according to claim 1,
wherein the solvent containing water described before comprises

water and a water-soluble organic solvent.
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1. A water-soluble resin composition characterized in comprising at least
a water-soluble resin, an acid generator capable of generating an acid by
heating and a solvent containing water, wherein the water-soluble resin is
a copolymer represented by the general formula (1): RIRz3 (1) N
wherein R1 and R2 each represent independently a hydrogen atom or a
methyl group, R3 represents a hydroxyl group, a carboxyl group,
-OCOR4 or N N ,1{1 1 'L N/ R4 represents an alkyl group, and m and n
each are 10 to 100, 000. 2. The water-soluble resin composition
according to claim 1, wherein the solvent containing water described

1. DEDIe s water, 3,The water-soluble resin composition aecarding to claim

© 1, whereinthe Solvent confsalnlng Wekter described before co?’nprlses

c1afRter Ak wateresluble qrganic solyent 26,4, The watefmoluble resin
composition according to Claim 1, wherein the water-soluble resin

be f descrilzehbefole/isear palyme: sepresénted hyhtheggererallfofmuteu(lld (IT)

M ()

wherein R! represents a hydrogen atom or a methyl group and m is

10 to 100,000.

5. The water-soluble resin composition according to claim 1,
wherein the acid generator described before is an amine salt of

an organic acid represented by the general formula (III):

RS
0=8=0 (1)
O_
+
., _CHCH;
CH3aCH;—N [
CH,CH,

wherein R® represents an alkyl group, a hydroxyl group or a

carboxyl group.
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RI (1) N Cr 0 wherein R1 represents a hydrogen atom or a methyl group
and mis 10 to 100,000. 5. The water-soluble resin composition according
to claim 1, wherein the acid generator described before is an amine salt
of an organic acid represented by the general formula (Ill): RS 0 O-S-O (
) O~CH2CH3 CH3CH2-N\ CH2CH3 wherein R5 represents an alkyl
group, a hydroxyl group or a carboxyl group. 27 6. The water-soluble
resin composition according to claim 1, wherein the water-soluble resin
composition further comprises a surface active agent. 7. The
water-soluble resin composition according to claim 1, which is
aracterized in-containing 1.to 30 parts by weight of the.water-soluple
O T8 Cary eigPh B it b gemeraess s 18 1
whe paifits byheeightefrtheatateil-asohsisie resinrgoatposition. further comprises a

surface active agent.

7. The water-soluble resin composition according to claim 1,
which is characterized in containing 1 to 30 parts by weight of
the water-soluble resin and 0.01 to 10 parts by weight of the
acid generator relative to 100 parts by weight of the water-

soluble resin composition.

8. A pattern forming method which reduces a separation size or
a hole aperture size of a resist pattern practically and
effectively below a limit resolution, which is characterized in
comprising a step of forming a coated layer by applying the
water-soluble resin composition according to claim 1 on a
resist pattern, a step of forming a modified layer of the
coated layer which is made insoluble in a developer in a
determined width on a surface of the resist pattern described
before by heating the coated layer, and a step of forming a
pattern having the modified layer on a surface of the resist

pattern by developing the coated layer described before.

9. The pattern forming method according to claim 8
characterized in that the resist pattern described before is a
resist pattern which is formed by an ArF responsive radiation

sensitive resin composition.

10. A method which reduces a dimensional fluctuation of a

resist pattern by electron beam irradiation, characterized in
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8. A pattern forming method which reduces a separation size or a hole
aperture size of a resist pattern practically and effectively below a limit
resolution, which is characterized in comprising a step of forming a
coated layer by applying the water-soluble resin composition according to
claim 1 on a resist pattern, a step of forming a modified layer of the
coated layer which is made insoluble in a developer in a determined width
on a surface of the resist pattern described before by heating the coated
layer, and a step of forming a pattern having the modified layer on a
surface of the resist pattern by developing the coated layer described

befare. 9. The pattern_forming. method according to claim 8 characteriz

o, e e R, fo g AR I R Y e

wat dornsed b ba ArFsresponsipe sadiation sensitivergsincopipositioh. 0. A

res{ReINgd wiidh reduces a.dimensiong fuctyalion pf otesist pae by e
electfron beam irradiation, characterized’in 28 comprising a'step o

coatfermihg vecoaibd fyek Hyraipiying tvel wiaker-dolubledesmlcarmposition

det AGRQIFIRG ter elaim dron.a lesist pattern, asten. of farming armodified layer e
of the coated layer which is made insoluble in a developer in a .

be f¢jegefiind@ MdthdrFa SuFace efthkargsist paferradesetibed fhéforappy a

pat eAlNY 1A poateddayrsqand asten pLiorpling aspaterohaying he resist

modified layer on a surface of the resist pattern by developing the coated
patiaudt de¥cAE® bertedl firhemetiisd whichTelfess a ifflesidrale -

fluctuation of a

11. The method which reduces a dimensional fluctuation of a

resist pattern by electron beam irradiation according tovclaim
10 characterized in that the resist pattern described before is
a resist pattern which is formed by an ArF responsive radiation

sensitive resin composition.

12. A method of a resist pattern inspection characterized in
comprising a step of forming a coated layer by applying the
water-soluble resin composition according to claim 1 on a
resist pattern, a step of forming a modified layer of the
coated layer which is made insoluble in a developer in a
determined width on a surface of the resist pattern described
before by heating the coated layer described before, a step of
forming a pattern having the modified layer on a surface of the
resist pattern by developing the coated layer described before,
and a step of measuring a resist pattern size by electron beam

irradiation to the resist pattern described before.
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resist pattern by electron beam irradiation according to claim 10
characterized in that the resist pattern described before is a resist pattern
which is formed by an ArF responsive radiation sensitive resin
composition. 12. A method of a resist pattern inspection characterized in
comprising a step of forming a coated layer by applying the water-soluble
resin composition according to claim 1 on a resist pattern, a step of
forming a modified layer of the coated layer which is made insoluble in a
developer in a determined width on a surface of the resist pattern
13. déberilvet Ivefbre byshezingthe Robhtetiayéngeseribedrbefiores adieywof o
c1afming apattemn baying the madified layer on a;skrface, of e 1eSISt i peq
pattern by developing the coated layer described before, and a step of
bef giegastifing avesist pareirtsiza byleledrohsbdanmiprhdiationtoAld resigtoonsive
rad Paitertdesarbed before. 29,13 Jhemethod,of a resist pattern inspection
according to claim 12 characterized in that the resist pattern described
before is a resist pattern which is formed by an ArF responsive radiation
14 . SRSItiYR resiRicempysition: 14. MM@P@H&?&%@%@&%@W%@OQO
) according to claim 12 characterized in that the film thickness of the
Clahﬁ‘bd}t%d%é?/éﬁ&éﬁ??ibéﬁdoelf&et@azttotm arhlBothickness of the

modified layer described before is 2 to 100 nm.
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