Water sol uble resin conposition, nethod of pattern

formation and nethod of inspecting resist pattern

Technical field of the invention The present invention

relates to a resist pattern formng nethod by which a

separation size or a hole aperture size of the resist

pattern is reduced practically and effectively below a

limt resolution by formng a coated | ayer on a
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positive or negative-working photoresists

upon electron beam irradiation of a size measuring SEM by said
modified layer; an improved inspection method 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 1iquid crystal display (LCD) panel, amanufacture
of a circuit substrate such like a thermal head and so on,
photeolithography 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 forma resist pattern. The
thus-forned resist patterns are put to use as an
etching resist and a resist applied wupon inpurity ion
i npl antation in manufacturing of, for exanple, a

sem conductor device, an FPD and a circuit substrate
or as a plating resist and so on in manufacturing of
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sdHowever there are problens that it is difficult to
forma fine pattern exceeding a limt of wavel ength of ,
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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 technology utilizing
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-forned resist pattern. The materi al
| ayer is then crosslinked and hardened utilizing

di ffusion of an acid from the resist pattern by
heating to be nade insoluble in a developer. 2
Thereafter the resist pattern is thickened by renoving
unhardened area by devel opnent to conduct a fining of
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The above-described method is being paid attention to be
auseful methodas it isnot necessarytoinvest a highprice facility
suchas light-exposure device 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 thick.ening 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 1is
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 fornmed by a KrF resist (KrF
responsi ve radiation sensitive resin conposition) and
it exhibited the effect towards a KrF resist. \Wereas
an ArF exciner |aser exposure process is proposed in
these days aimng at further fining and an ArF resi st
(ArF responsive radiation sensitive resin conposition)
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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 ArF 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 patternbelowa limit resolution



is fluctuated by an el ectron beam exposure accordi ng
to a size neasuring SEM after form ng a resist
pattern. Therefore there exists a resist of which it
is not possible to conduct an accurate size
measurenent and it is one of the factors which nake a
sem conductor manufacturing process difficult. The
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and an inspection method of a resist pattern by which a dimensional
fluctuation caused by irradiation of an electron beam is reduced
upon above-described inspectionof a sizemeasurement 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 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-descri bed i nspection of a sizenmeasurenent f
or the resist pattern with a size neasuring SEM
Furt her nore anot her object of the present invention is
to propose a water-soluble resin conmposition which is
preferably and suitably used for form ng the coated
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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-soluble resincompositiononaresist 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
describedbefore, anda stepof formingapatternhavingthemodified
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 and effectively below a |imt
resolution, which 1is characterized in conprising a
step of formng a coated |ayer by applying the water-
sol uble resin conposition on a resist pattern, a step
of formng a nodified |ayer of the coated | ayer which
is made insoluble in a developer in a determ ned
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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 invention will be further described
inmore detail on the water-soluble resin composition of the present
invention and apattern formingmethodusing the water-soluble resin
composition, amethod toreduce the fluctuationof a size measurement

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



descri bed before by heating the coated | ayer described
before, a step of formng a pattern having the

nodi fied | ayer on a surface of the resist pattern by
devel opi ng the coated | ayer described before, and a
step of neasuring a resist pattern size by an electron
bean1irradiation to the pattern described bef ore.
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of ¢hstras Watierwastd bbd rlewenghtagnoadiigghpener &tsorth¢ Water-soluble
can generate an acid by heating and a sol vent

redhbal fe A Meths WaAS T SRR LR oTebl e GG sk i of the present

mate%%solubl e&%3|n conQ$S|t|q$@§1 %ledpreseg%Irl 881§E§r or a

ln%%% Pon any wat &r- solubl € i $o faf a

S f [ r
e Seedgb bty R YA 9 L RGBSy B s grou,

anhd d be lyaiceites@atdpbeyime rceipasa tHydr cfhihiec prresgnt Examples
i nvention, there can be exenplified a honopol yner or a
0of 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
anoxazoline 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 is particularly favorable. This polymer may be either a

random copolymer or a block copolymer, however a random copolymer



mul ti - conmponent copol yner of vinyl nonomer with a
hydrophilic group, and a polycondensated polyner with
a hydrophilic group. Exanples of these resins include
pol yvi nyl al cohol (including a partially saponified
substance), polyacrylic acid, polynethacrylic acid,
poly (2-hydroxyethylacrylate), poly

.(2-hydroxyet hyl met hacryl ate), pol y(4-hydroxybutyl
l%cpﬁ% Féf& | y(4- hydroxybutyl nethacryl ate),

pol y(gl ycosi |l oxyethyl acryl at
pol y(gl ycasi |

pol yvi nyl net hyl
ether, poly € ne glycol,
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subst ance), pol E'hykgneininé3 pol yet hyl eneoxi de, a
copol yner of styre nd mal ei ¢ anhydri de,
polyvinyIanineKigZ??élIylanine, a water-soluble resin
contai ning an oxazoline group, a water-soluble
mel am ne resin, a water-soluble wurea resin, alkyd
resin, sulfonamde or salts thereof. These can be
applied singly or a conbination of two or nore Kkinds.
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general fornula described belowis particularly
a freeitbl g ouhi Rpoepresemty behgitbrylagroamdamcarboxyl group,
co o%yner or a bl ock copol ymer, however a random
-eepBly?er 8 is preferable. RRZ NR3 n (1) YO
Wierein R1 and R2 each represent independently a
hydrogen atomor a nethyl groudp, R3 represents a

hydr oxyl group, a carboxyl gri_- -OCOR4 or ?
/
LW,

, 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 resinwhich canbe preferablyapplied.

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. When themolecular weight of the resin is lessthan 1,000,



R4 represents an al kyl group and mand n each are a
nunmber of 10 to 100, 000. A polyner represented by the
general formula (I1) described belowis also a

wat er - sol ubl e resin which can be preferably applied.
Rm(ll) NYO0O Werein Rl represents a hydrogen atom
or a nethyl group and mis a number of 10 to 100, 000.

tﬁge lg%t ) %&Sg%hegégyla QE %%6%%t olbﬁo&ﬁﬁﬂ}y able to

wat 8FFsol G i S pre era
oBREenPLekenablm 3y A dndg éﬁgbugoguaY@EQ EH@ g@h%qwdﬂéously to

wei ght of the resin is |éss than

rappkiecabisltiaby 1tihsr exf drs agd etéar at eal WchethéréEﬁpse of time.
able to obtain a filmwth a honbgeneous quality and

Onitingl ¢ blnevside ,tvhen e@@deoheguébrlwet%gwf iamighsd ‘euan 1,000,000,
filmwth the elagse of tine. he ot hers, i de,

2 816 LRGP EPTGRP B § <4 BRBFSTIRAF Sheg0w L6, Lomo spreading
oﬁsrxlé“s%’sPE%Q%%%%%‘eééméus%%s%' @&%e%ﬂ%{bfé‘@o%%%' J{“l’?g. gl%%ogeneous

readi ng rface becones wor

cé@”é@ae fﬂlﬂbtl‘i\{ n oﬁaﬁﬁr@‘g@ﬂ@ﬂu%l@ﬁataﬁd drld1m b)ﬂropplng amount .
application with a'small dropping amount. Furthérnore

Fiheherimsra chseewher e aaper whalrel iat pedimemfiilliitter dfsa filter is
cinferior. In the case where the water-soluble resin
igbapoerti on of the present invention is applied for

(919 B! Sheet |08 gLl b Javer Ll 0106t (O nonition of
tl?égéaltr;%:s%pa ;ﬂgﬁ%n%o%”i@aep%ffé‘d Q%%B%‘ln@eg%%t%tofné‘modlfled
layer in order to control a size measurement fluctuationof a resist
patterncausedbyanelectronbeamuponmeasuringof aresist pattern
sizeby SEM, thewater-solubleresinispreferablytobeaparticular
type of polymer showing adetermined level of resistance toelectron
beamirradiationtobe generated by 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
acidbyheatingandit maybe awater-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 polynmer show ng a determ ned
| evel of resistance to electron beamirradiation to
be generated by a size neasuring SEM for exanple a
pol ynmer having an im dazole group. As an acid
generator able to generate an acid by heating and
used in the water-sol uble resin conposition of the
present invention, aRéonpound generating an acid by
heating at 70 to 160C] is preferred and an am ne salt
of an organic acid ¢S preferred above all although
there is no restric f it may generate an acid by
heating and it maybe~aat er- sol ubl e conpound.
Furthernore as an amine salt of organic acid, an acid
gener at or represed?éﬂSZBQ the general formgliH)

descri bed below is pr@ferred 10 RS CG=S=0 (Ill) O
H+ CHZCH3 CH CH 3 z Ny CHZCH3 Wherein R5 represents
an al kyl group, a hy oxyl g%p#3¥or a carboxyl group.
A surface active Q?@t  her added into the
wat er - sol ubl e resih sitlon of the present
invention, if necessary. AsHpFdberable concrete
exanpl es of the surface active agent, although there
is norestrictionif it nmaybe able to inprove

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

A surface active agent may be further added 1into the
water-soluble resin composition of the present invention, if
necessary. As preferable concrete examples of the surface active
agent, although there is no restrictionif 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 the general formula (IV) describedbelow forexample,
acethylene glycol, polyethoxylate of acethylene alcohol,

polyethoxylate of acethylene glycol or the like.

R’ RS

RS ci: c=cC <ci: R9ﬁk—H v
0

(OCH,CH,—OH ¢

CH,CH,—OH

Wherein R® represents a linear or branched alkyl group having a

11



an applicability of a water-soluble resin conposition;
there can be raised Fluorad manufactured by 3M
conmpany, Nonypol manufactured by Sanyo Kasei conpany,
Megaf ac manuf act ured by Dai - N ppon Ink and Chem cal s,
Inc., acetylene al cohol such as a conpound
represented by the general fornmula (1V) described
appl ¢ t hyt hy
2Fb8H DREPERCER Torarss: o) Ry Fabn BRRYEEERS AL
Hg&ﬂc@|19ﬁeébeok|Bﬁangﬁeasah 1Vgto¥ halrd dqcéQHBHJEumber of
C-R (OCH2CH2 OH (OCH2CH2 Mﬁereln R6 represents a
1It®e£wIﬁrrbpammhﬂﬂxabkyhngaauprhhvan@h&d.hlkyﬂdnnwgroup having
nunber of 1 to 20, R7 and RB each represent
auqm“etmmembeyr o arta 29 ndad sof %lfailncﬁ@di Il &9 Yredgh represent

wngd %grbon nunber of 15?% R9 represents a
l? AREFAGP Vaﬁ@hé@FﬂQGHeﬁﬂf h%ghgv ng a carbon
nunb <91f1 1 EI? 2%u c[sy a(?:rtljve aa : ngﬁn %.C%%glh lene alcohol,

represent i ndepende an intege

@é‘@ﬁ’%léﬁ@ HIVESE, a%l%tﬂﬁﬁ@ﬁatélc@fhyéééﬁh§h69€°|alcohol and

acet’hyl ene glycol, polyethoxyl ate of acethyl ene
p@ﬂp@hbbxymdtepoEyethbhyﬂahe olyaocét hykepergliyadbrdyepreferred.

particularly preferred. As acetylene al cohol and

A%@ge}}q}@@@%ﬂmho} PaTk aged Yebempldliadl . there are exemplified

%%pendently

I, 3- nethyl-l-pentyne
> et fel AR AGeE 73, o-di ol 8y 1-pentyne-3-01,
4 g e 7 di ol ,
2 bRy AR R R,
2 ,24 o7 db rre&byaaeh%yrsed%c@ﬂé a ,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
are exemplifiedpolyethoxylate of acethylene alcohol or acethylene
glycolwhichisconcretelyexemplifiedabove. 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 a water-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
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2, 5-di net hyl - 2, 5- hexanedi ol and so on. As

pol yet hoxyl ate of acethyl ene al cohol and

pol yet hoxyl ate of acethyl ene glycol, there are

exenplified pol yet hoxyl ate of acethyl ene al cohol or

acet hylene glycol which is concretely exenplified

above. These surface active agents can be applied

singly ar_in_a mxture of two_or re. kinds thereof . .
5Bt or rAR BT B4 MO (HEFEbIC | SUVeRiraT §e 56000 Linited if a
5810891 iPPM Fed ALY € b0 FaVBLeSOhUDl i€/ 5 or higher. As
conposition, nore preferably 100 to 1,000 ppm The
waater soliubh el Srygardcasobvéent ¥yerthé e the Mateefengol il €3 alcohols
resin conposition of the present invention is not
spaht fgunathyl &labhed.i ethyli alwsberd addgommdylomlcohol and so
whi ch organic inpurities or netal ions are renoved by

OBy sﬁ‘ieltloé’ﬁson?uiﬂan aé(c%%%‘én? r egﬁ%mlfetf’f}f]i]‘i%?onef 2-heptanone,
cgéféhgﬁ%on% i 58oh KLade oL fs%%%"a[s%é PRvY %ec%%ﬁ%t Seffif1 acetate
0O on s preferréed. 'Inm addition, 1t rs‘possible to

aHé%cﬁoﬂ@teﬁfhﬁ%r&@|ge_fy?!dlaﬂbﬁoa§@5/\19é‘t§hé\k£ R 85 &l Y T¥he glycol

at an i nprovenent "of applicability and 12 so on.

mdhdeet ol uklthear gant hyseheenilsy crle mohoéthi/le@dtiHera and so on;
solubilitf thereof in water is 0.1 weight % or higher.

epkyleneeslgod hbtenon fhnl cethevanstaterrsucampethylene glycol

exenplj fied al cohols such_as nethyl alcohol, ethyl
M B Rb Y L e e LR b G B e KO LRt kit her acetate
et one, . I e, 2- n
a@éc%%h§§32§%§¥g§%%%bgﬁﬁgg§tgﬁ?“%ﬁ% asg%%?ﬁ§lSgggtgﬁePrOpylene

gP%'JEWi e d €hy BNek 86r Op r &6 VVE 8BS DY ¥EP I mdmb@Bh Y| et her and so
e

hers such as et hyl ene gl ycol nononethyl ether,
or} hytemel ghy coplyoohoebhyphliyheethrd soetnteseshylhenes propylene
g;ycol nmonoal kyl ether acetates such as ethyl ene
g

SR bmonasifst hyit hetheFehaéeat RYORY honerl gt glonoethyl ether

n hyl her
aégkgﬁg Xndeéoeonécig% ?c 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 -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 soon are 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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and so on; propylene glycol nonoal kyl ethers such as

propyl ene glycol nononethyl ether, propylene glyco

nonoet hyl ether and so on; propylene glycol nonoal kyl

et her acetates such as propyl ene glycol nononethyl

et her acetate, propylene glycol nonoethyl ether

acetate and so on; lactic esters such as nethyl

| actate, .ethyl - -l actate and.so ;oaromatic . .

hydr ogélr *13:21 s%g&c:lﬁ)walsflgt’olaué“ﬁe& C’x%/)queonere ind- b Soerrl'?amtlon size ol

AMYES YA\ B demel iyt peet:add 08y pattern practically and

N- et hyl pyrrol i done and so on; |actone$S such as’y

efifelctrialedst @ ovard 1Smmian reaad dthicon idke. uAMNEHdester-soluble

sol vents, |ower alcohols having ClL to C4 such as

restiliny lcogipsshidl L oretdily | thd cohesent sdoprepyriioral comgtldl to reduce

soon are preferable. These sol vents,K can be used singly

a6t SIS AP X EBRE Lot Y5 B 1 B Pé AT R8st REESTn §Resgd by electron
Y% . be used in the lim rein.a resi

o3y SPEEnE8RiPCar et b ey et BYSh i fl g peer-sotumne

reQAPQSIp O Wb 5B o BlrBsehire Al e, b dd¥®inspectionmethod
wat er - sol ubl e resin conposition of the present

off Ny @tzeomeakluremepiteb €ra eedstikat pAtterdlbpardindy size measuring
wei ght of the water-soluble resin and 0.01 to 10
SBMr asebyovedxppt aphednbrciefegyehegatordiagnangel f na@®ssary. In

arts by weight of the water-soluble resin, .
BB RIS 1 0hE &0 SR E R £ A5 FRETFG FBRAG PaFtern is formed

bg‘fézlg%g?ﬂ %ﬁ%ﬁ%‘{%iﬁ 13%?%!?%4@&‘ Y 28 {(f}mgrl]gql eu8REVEY fhe resist

e resis tern practica

pttechi yebyrhehewta EhBhtmé€BOHUSL F O DY HSE B8t tI®vention is not
wat er - sol ubl e resin conposition of the present

limveati ap, then@idtdd0l siedpeeteansi ze neasur enment
fluctuation of a resist pattern caused by el ectron _
beam FEgudeat Lohadf t8i e (AbaShPWngTSERISEy Aisigramhdo explain a

nLBLERSOLUBLE T e2lh Sompasi Loy of TRERLESEN' ) or on 4 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 throughaphoto-mask
which 1is 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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of a size neasurenent of a resist pattern by using a
size neasuring SEM are now explained by referring to
di agrams if necessary. In the follow ng expl anati on,
the case where a resist pattern is forned by an ArF
resist will be raised as an exanple. However the
resist pattern according to each method of the
gresen invention is not limted to the ArF resi st

ateer haYeFghir esT e’f‘éi‘%FSrltP@) r@ﬁ&\ﬁtpPé‘&ggndl 3 Grsnthe coated
1486610500, 8 MBS0 LG S0P gpecy BEBMALE S an acsa

bPYHELBEnGhe sWabakaselddPlie rasd rWaP@éEpDé;équDe ok stiRe composition
present invention and in each diagram a substrate, a

ophbkgrssait, iaveasish ,paid ehs,contcanl egdetrdygarhemicallymodified
modi fied |ayer and so on are shown as a cross section _
bmaerwasﬁcsi/\mgleafaftreﬂ@rpm FRe. aCFﬁrge@nea@t@ﬁdvm hepting. At this

Hoer 17pe2 %s%mbgﬁﬁgﬁﬁgil 25 khel rEFadt Barleyn ¢ in the coated
d; 9
1££§#C§n s§8%§?&23%d“%ﬂ§%ﬂ %ggﬁﬁﬁé@fﬁfgggé??e intensively

tﬁ@lﬁrBiﬁ’lé)ﬂq‘étr‘éraeﬁbeoflﬁ)@hloaltﬂQar&Q%yeNeStwhl&Hels made insoluble
photoresist layer 2 is exposed to I'ight by using an

inrg ddivatlioper dewnitderwlilagean AOR ekei oehetdsand| ighta chemical
source through a photo-mask which _ is not diagraned,

m@@%ﬁb%ﬁlﬁy 2|5 RPN GO raR Auchosnt peeRorkeaget the coated

18 o 3(3(6 15 H0E S pe 1Bl SRaR Bobh it dsrveloper (see
PLOEOTCREN  HUALAN TS APRLJLUN0, 8RB B0 1Yy netghboring

ma 14 coate

td &&feeéétsﬁéttlbﬁttéﬁhsi maafnbeéncﬁeﬂméalm? 66t £ded! @£ the other
4 are heated. An acid generator which generates an

ampeiik rot kdaEamg lits icogtassed] ite fdee onst of- $bleulkesons that an
resin conposition of the present |nvent|on and t he

intatetriag ePereRBnirc EMFFRSE fBitep 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 layer 5 on a surface
of the resist pattern 3 (see Figure 1 (e)).

As described above, by forming the modified layer 5 described
aboveon the surface (upper faceandside face) of theresistpattern,
thebreadthbetweenaresistpatternandaneighboringresistpattern
is narrowed to make it possible to reduce a separation size or
aholeaperture sizeof aresist patternpracticallyandeffectively
below a limit 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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by an acid generated fromthe acid generator by

heating. At this tinme, an area neighboring to the

resist pattern 3 in the coated layer 4 is physically

and chemcally nodified nore intensively than other

area to forma nodified |layer 5 which is made

insoluble in a developer mentioned later. On the

ot her ngg ation does . .

TR R atA S OGN bt SUHEELaPET BF SRS o BRamPlyapLze neasuring
ple. ar @cb§d§§18?g] n; { hZLIssﬁ% %?b;%at@o' E}etsti%aq.%eeoi?ﬁmen51onal

sée Figure € reason why t

fqg@te@th@heromeaghzrb@rlls&g paf@cé:he 58Skl 1padd eEd BonSuct a size
nore chemcally nodified than the other are is not
mehearement sfgaesseillstopbetens 0h 4 l rzeas@Emindmeniannspection

i nterm xi ng between a surface area of the resist
Oﬁaﬁteﬁﬁl§taﬁ@tQQﬁPrﬁYgﬁbéFFﬁngﬁéﬁrﬂ@%I%EM65|st

patte [ he coat ed 4 is taken.p
Peat | RBe TRSHAIo RED B S Th g S RO TBR Sabing Wbt 15 applicable
[ r 0
oy L LSk 3R SR WOBARARL R saciation
skhst hevedeyekapetomposdaviedrped tfad gum Mye Q{ﬂbvh'a\éixﬂﬂ publicly
the nodified layer 5 on a surface of the resist
appitedn 3A¢seer&iijatéon fehpitAvedessrirbedmupumid;idyy, there can
formng_the nodified layer 5 described above on the

bg 3 heed (uPREr gt KR SR THE) GRS Hegiagt alkali-soluble

he breadth b d
B BnBOrPag o BSEE Bacte i 18 RATTGOEA Y boReKETHE Tesin or an

ag9g§ h@lree 5119.1 éﬁg%&gu Sk a&%tz'l% éd)rﬁ?o@ﬁd 2 A%}gérg}q(éal lyamplified

perture size o resi st pattern practical
p&éiecirever nedet DWe awbirRlihgl 268l Bti WHerésnt e a®iM fiedenerated
| ayer descri bed above can play a role of a protecting
by dyeradigei iyt o&nl iedleic Bndr beadst patterpdsasfcbreed@y acatalytic
restrain a_size neasurenent, fluctuation of a
2FesPBt Ofat'thét nIBYCTRF&HI &G 6h AAnsel &t orp%e’éFr‘FEF Fadiation

sesﬁéft%gsu“r in composition, a chemically amplified

positive-workingresist whereinanacidis generatedby irradiation
of light and a resist pattern is formed by a catalytic action of
the generatedacid ispreferred. Inthehighwater repellent resist
pattern formed from, for example, an ArF resist, it was so far
difficult toformacrosslinked filmof awater-soluble resinhaving
sufficient filmthickness onthe resist patternby forminga 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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SEM Accordingly it is possible to restrain a

di mensi onal fluctuation of a resist pattern as well
as to conduct a size neasurenent of a resist pattern
in a size nmeasurenent inspection of a resist pattern
by a size nmeasuring SEM The radiation sensitive resin
conpositionwhich is applicable to formthe resist

.pattern 3 described above ngg be anx radi ation . L

i EaREr FPFEeFolhr RO IR brot KenF APPpUbTF AJA KRR ahf 18 known

tﬁgglécé¥zeQQQ% &%Eméﬁtaf%ggtﬁgkggnsggséF%ggﬁééiﬁiktern is taken
conposition, ere can € rarsed a posSitiVve:-wir ki hg

pl 88bS1 tAPPARE irH G taPa B K2hirahdPbe ad £8F e Et @Son inspection
novol ak resin, a hydroxystyrene type resin or an

bgca \Wizxe mesisurangy $EYUBBsoaARrdndzi dencdopedndand it is preferred
chemcally anplified positive or negative-working _
thagisragietdion gangéitd viesrgensr edwposbiyipnrigiaat foR oEsist from
ight and .a resist pattern is faornmed by a catal ytic
cher ke S0 iHe CgavEr BRE Hoi d PLIPEeh Jerich e Fredei Sts have been
jat nsi.td esj Siti a epical | :
b b ORos o, Bl Tk R Sp LR o L Plios publicly

kHEREr A @ b 1 T RAIFHI i A0fF ke@hlstandad H&SISdd. 1In addition,
pattern is fornmed by a catalytic action of the
a gerelr st e taamh ferpriefeeneetiod nstihg dirgdiwatesn sensitive resin
repel lent resist pattern fornmed from for_exanple, an_. .
CRRPOF 25O, MY baadivsBe FRPASHT FRrEWODIRELHAANg an application
crosslinked filmof a water-soluble resin hayvjn .
mEERo8ci Bt LRPERRC ok T iithe 7 RTEI P eEpHdpya developing
m{ ChOANIaA-GAAL AT mel R g asyabl - sol ubl e resin to
e crosslinked by an acid on the resist pattern and
to crossld nkndtodoaippoylayercpé thedivwetieh- sekHbieive resin
resin by diffusion of an acid fromthe resist pattern.
cRapes it hgntwhidie ibaxcoagsedal agdirafdomise meitteiniea r e§itrthe present
_conposition to which the water-soluble resin .
1oepbsPRi o eFet RaypPesehi L 1ZRdeAt PERPEE RFHINCS] sudheas a spin

céé@igékggﬁ%%rﬁE£¥gy%%g€3£§gggg&£f”ﬁippingapplicationmethod,
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 is necessary to thicken
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with a relatively highly water-repellant, for exanple,
ArF resist 16 is preferred in the present invention.
In addition, it is knowmn that a size neasurenent
fluctuation of a resist pattern is taken place with
the resist pattern fornmed by an ArF resist upon

i nspection by a size neasuring SEM as al ready
mentioned, and it iis preferred that a radiation

A5 ERSTEIty @SSR cotpodig Gf8% e E Pedidtef dAYSthets formed
I eW_poj t event | Al t o%gn nq?¥ LSt :
Oﬁa\%ep%eetn%trebsce%ﬁsﬁ% g?o%gé% gr?dt%ceorre eon. o ?Egu%gﬁééé%n of a size
m8B¥uebmkheseyRuhbi ¥ thRoOWBhaee rRYklskcl ¥gapRkiede feEtron beam

resists can be used. In addition, a resiSt pattern
iterdiagioet B6da Usi g ed @bt fhd BEMN anson isdezdg estdsuring a resist
conposi ti on maybe any nmethods so far known including _
rahtappli ¢dns drrea@thod fidm ighicknposur efnet Hoedified layer is
baki ng. net hod, a devel opi ng. nethod, a rinsing nethod
pﬁﬁge§gkéﬁ.mﬂgéatﬁbﬁﬁb&zdﬁﬁl%?%g??he_radiation
sensi t.| 0 i.pi-on. . ye :
form ot FREERbEP. S RREYS QA Dbl AR B R P por Leaving
the Hblhliirded apropes @tiked SUChRoASed R heating and removing
coati ngnet hod, "a spray coating nmethod, a dipping
uappdi Eaedonoaetdodayear, &arted,ela adatadngaietthiosh Wit cdeter and a
has so far been known. After being applied, the .
wgbaredolubée PEgRF mstlerendt, ian p@beaRed fikali solution such
ne ary to nmak he coated | ayer 4. The conditions .
25 VAR (Lot saPRshy \POMhee GHLEPFAJ8! aPd SongR: Prg apPlied.
tenperature of approximately 70 to 160C and a heating
time of approximately 60 to 120 seconds, preferably
BéOt @OQL0r8Y peeerdwintheheatnventigAperature is
preferably the tenperature that an interm xi ng
bet weEre preesnst 1 pa¢h £f onanid lancwdteedle sayébedsndakepecifically
place. The filmthickness of a nodified |layer to be
by greheir eree b ddjartes 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-mm filter to prepare a

water-soluble resin composition A.

Example 2 (Preparation of a water-soluble resin composition B)
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properly by tenperature and tine of heat treatnent, a

radi ation sensitive resin conposition to be used, a

wat er - sol ubl e resin conposition to be used, and so

on. Therefore these conditions my be set up

dependi ng on how nmuch it is necessary to thicken 17 a

resist pattern. In the case that a nodified layer is

fgrned on %6£h§§oresist in order to reduce the

PO Y AT rZe“Creasuremrent val ue of the

gggggri ?ﬁtmi%% ' el ectron beam irradiatigpn Qﬁa?ts by weight

I'zeé measuring upon size-mneasuring a reS|s%
pPatteny1dhe-dreashd (il mthickness) of aomdifdad by weight
| ayer i's ‘preferably nade to be 2 to 100 nm

tEdethglnorime asa bt devebapanglageaet that is applied for

leaving the nodified layer 5 which is fornmed by _
fsedfpRgcadd®idenovi ng unnodified coated | ayer? parep, by weight
a_m xed sol ution of ter and wat er - sol ubl e organic

SUBF EhET tarl ARRIGOURN ST Kt "ABPARFERIEGh  as TMAH

Y RORPAL { de) and so on ar .ed. -

é%g%égggéﬁf%r pr§%¥?%$ﬁ§£$?é i nvention Theébﬁgggﬁéf€g by weight
ahgvention will now be described nore specifically by
reference to Exanpl es which, however, are not to be
pupaswated to limt the present invention33 &amamay.by weight
Exanple 1 (Preparation of a water-soluble resin

wesRpBIredoRny) theg) R4y r Peffdehengdy to solve. Thereafter
B8] EORPSRE e cRaTo B A ob 2R Y B prepare
w8PdrPUBS ke 20D RAMDSs Py 8T ght

Example 3

Formation of a contact hole pattern

A positive-working photosensitive resin composition, AZ
AX1050P-HS manufactured by Clariant Corporation (‘AZ’ 1is 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 om 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 1ight-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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were m xed and then stirred sufficiently to sol ve.
Thereafter the solution was filtrated with a 0.2-am
filter to prepare a water-soluble resin conposition
A. Exanple 2 (Preparation of a water-soluble resin
conposition B) 18 Pol yvi nyl pyrrolidone-co-

pol yvinyli m dazole 4.5 parts by wei ght

| | lidone 0.8 parts by weight .
27 BPechy PEHS S 1251 SR bf uBRE STTorP G GFaagyhy Lammon tum

3 ?‘é?%éuﬁ"‘ f %gat%ﬁ}em ca %Jéﬁgglnﬁﬁ"‘él od% Farfg obtain a

pbgl\ﬂ@k,@htresqrgj; @g@;é/\_@tler 93.8 parts by weight vvere
m xed and then stirred sufficiently to sol ve.

Thereafter the solution was filtrated with a 0.2-am
f||ter to prepare a vvater-sol ubIe resin corrp03|t|on

AXL05 Bgrégﬁskﬂggﬂt@%tl%ﬁelﬂ%%;??éﬁg%ﬁ%p g tigtlica on the
chisontaSEImEK L Ya8 AR L6020003,5EbLERR MRLE mEhuBactured by

nch in di aneter eat

T&)hgzsan@ee}t&dmscloazama}nlb;\ecﬁa&mrb@a@aecsnwﬁotplate at 85°C for
manuf actured by Tokyo El ectron Co., Limted and
7preebakdd td msﬁaréoso%ssmMSamn a Wmﬂ:epi:aimltble resin film

Erepare aresist filmof approximately 0.40 amin
HRIGRsEa feky 0 t3feOfesn th ¥ Re SRS e&b‘b‘éfe%lrft‘%r?v ghitixing bake

w%% uc%{%totgfar Hbtpr_JLa\gne atI:1 1q%| ggft9ed Qgcg% snagnd 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-solubleresinfilmon the 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
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
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di aneter sizes exist, by use of alight-exposure device
PAS5500/ 950 manufactured by ASM. Conpany with an
exposure wavel ength of ArF excinmer |aser (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-paddl e devel oped under the condition at 23C

or _ one u5|n alkall eve i ng agent AZ
S%BUWI De@?l gf[ﬁg]rle(al g i"ght an aqueous

sol ution of tetranethylannonlun1 hydroxide)

manuf actured by Cariant (Japan) K K. to obtain a

positd¥eulgsist pattern. Formation of a pattern having

a nodified | ayer The water-soluble resin conposition A

was apphéerdion tdiuct hosrebtia Al =hpl édpaeneinniefore formation

spi n coater. MK-8 nmanuf act ured by Tokyo El ectron Co.
OEl%?t%EF%%thﬁwéﬂdbﬁlﬁdheﬁﬁﬁéie Qﬂm@QQHQQ'afﬂ?%ﬂ&ﬂﬁmﬁ¥lon of an

o ShEPE Mol ety b e [ o7 IR BRER o iamr gt nition of an

iﬂbélﬁﬂlgah%dlﬁ%&qw }@r‘lé‘ohm plate at 1100C for
90 seconds and a develop treatment with pure

wat er was conduct ed under the condition at 230C for 1
mnute to obtain a water insoluble nodified | ayer of a
watkstanglebte resin filmon the contact hole pattern

Furt her nore, baklng treatnment for drying was
condu%?%ds%heapﬁefzﬁ HEE 3F 1Toexaple® sBrpneRrried out except

Rl%p%rg\’\gg \%ﬁz&@%@egof\lg Le # éj[l':ls\?al ug{_gioesf@ron B instead of a

d anete was re UCG on o

wéeéfméb@ﬁb@epe@sl it Y oRfoo WalET A NSO £in M@AE{3€0redquced hole
| ayer Hol e dianeter sizes of hole patterns before and

paf ternawitoraaiaosr oingolalb e mogoFtibbel apdirf,i eddl agerdimension
wer e neasured by the
reduction ratio of the formed hole 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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hi gh accuracy external appearance dinension eval uation
device S-9200 manufactured by Htachi Co., Limted,
and a fluctuation of a size neasurenent value at this
time was observed. A dinension reduction ratio was
obt ai ned according to the Fornula 1 described below
and a formation capability of a water insoluble

nodi fied | ayer of a water-sol lF resin composition
was eval uated with the cal cul | ues of a

di mensi on redudtion gﬁbi Q-_ gk k,E__‘F ult was_ 20 shown in
the Table 1 descrihbed eg@%si Fornul a 1] Reidmstidiogh ratio
reduction ratio (98 ={[{di

mension before formati on  of

an i ngobpbhe gﬂdified | ayery - (dimension gitgr 19.0 \

i
fLar mat 1 an_of insoluble nodified/ |ayer
di mrershapllelsore formati o of an nsol ubbesnpdi fi ed1.4 }

|ﬁ\lor\_1 Y100 Evaml e 4 Thae canp cadure ac
IJ L= AAY A" A% } I vy A

n
T

nr
P

u]ul 7\ = =A~Av} _I\LAII’JI ~ T rre TTUATTL |
exanpl@nfpavest carri ed oyt; excapt for usipgsa 4.0
vatyer Exahlllee 11esi n conposition B ijpstead of a
wat-er—sotubterestn—conposttion—Atoobtattn—=a

si ze-reduced hole pattern with a water insoluble
nodi fied | ayer, and the dinmension reduction ratio of
t heRe P FeUChofFEaPREerln was cal culated as in exanpl e

3. The %%%ﬁltgxéeﬁ—pvf%(?pﬁ%@o%'e%s%q:s'%ei bed bgl oé%mnpp séition, AZ

Conpar ative Sane procedure as I n exa

D)@Sﬁ\@@PCﬁt&hh%ﬁ&Hiré‘&(qutClé?iaﬂ%i NG apauBt & 160l Wbl €applied on a
resin conposition AZ 8500 for formng a coated |ayer

siahobacwafed by €@ dhicantin Japarytd K ré#Ze®R5ODtHOHMDS by a spin
not contain an acid generating agent.) instead of a
cort er MEol8umruf aesined MpPbRky P & eatirenFodubémg tigsl and pre -baked
aémggg%rkg@tgoasggégésiggoéqgégplate to prepare a resist film of
approximately 0.54 om 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 condition at 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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nodi fied | ayer, and the dinmension reduction ratio of
the formed hole pattern was cal cul ated as in exanple
3. The result is shown in Table-1 described bel ow 21
Tabl e 1 Water-sol uble Reduction ratio resin
conposition Exanple 3 A 21.8 19.0 Exanple 4 B 10.5
11.4 Conparat AZ R500 2.5 4.0 ive Exanple 1

Ref _ergnce Exa{lr')ipagfeﬁ'_nlw g%&%&%ﬁ% k}fie;gp hg%g%%ntseixt—isvoeluble resin
resin dﬁﬂﬁ6§¥ ; r
. (3 . i '
BRSO RB s KR 00N LG RBeRec sk SO Bl inea by ehe

s&RatgFodduBe NYh Bed s BEBYwd 8KYe FLRCA R rix for an inspection
Co.,Limted and pre-baked at 90C for 60 seconds on a

ofict pliakan¢ @sprepane Bluacsistiénl mivdle adpnmedarst efyhole patterns
0.54 amin thickness. Next, the resist filmwas
oBXpYR R R X WgHe MReSUFIedalipad ek al muRiash ofof émes at the same

atterns Vin various kind of dianeter. sizes exist, .
OB Phe o o 19 - EXhoShPE MHBRIEEEPRacH ESEeat (on Fation were
= ; ny. havi.ng., . .
4 ROaeaREl ATatant b She O RAPI A "BLRT e, jThe resule
i3 she&h- expesa-dake  PEE ¥pstceaduschedigmra hot.
plate at 110C for 60 seconds. Thereafter the resist

fi |l mBrstkerayypeaddhemeeserdpgdthendedifiedcdadietti off the matrix
at 230C for one mnute using an _al kali devel opi ng i
uggentn AASPIRE e FEESPde ( &2 CEB TS OfePdhf AR UEbEs effective
solution of tetyamethyl anmoni um hydr oxi de)
Sﬁﬁﬁu?%ﬁtﬁ%@&rﬁfda ari ant (Japan)

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

1 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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K. K. under the condition at 23C for one mnute to
obtain a positive resist pattern and to nake it a
matri x for inspection of a size neasurenent
fluctuation (reference). Exanple 5 22 A matrix having
the nodified | ayer of the water-soluble resin
conposition B on the surface of ArF resist AX1050P

obt ai.ned by the nme procedure as in Exanpl.e 3. was
cA8EAIAL U Ret 97 5O R Ay AT 4 HEPELE VoR PIRPS S A The same procedure

ageiq?ﬁ&%%qte gl ued léaﬁéggix'_f’éf aq'l %E‘Eg rcst:i(gn B?L%aﬁize measurement

patterns™ on the matrix were neasur Inap

iR¢HRetofba th FEGe dxAniEl SAHDH 11PH Nhuabeh Qb BWI e ANEk measurements
si ze nmeasurenent fluctuation ratios were cal cul ated

a acher shmeg poad ntthee Fecmmduct eat weéabtlt e peme o easdut ¢ as in Example
is shown in Figure 2 (black spot (o) in Figure 2). By
5t hendayheRehhfeASUFICHG tliea i ¥Q a3t |egelk bimehwas calculated

T3 TR S BPPUe: P e ane BhadAvE 2 8 shows the result
o%/%%%érreéﬁad’g Q‘?J’n?‘i% Qfanqi hoé vgé %’ﬂ%t §és§¥tt&‘_e Clomparative Example

eval uation devi€é for a high accuracy externa

2 appear ance di nensi on, S-9200 nanufactured by Hitach
Co., Limted, an auto-focus and a size neasurenent
were conducted at 600V of accelerating voltage, 8. OpA

of beamelectric stream 100,000 tinmes of a .
magni#§ ckt i ®heaB5i5elr E3AUFE 6 & $ilZe maasiyement fluctuation

thod and 64 _tinmes _of image _averlapping tines at one
b Gt METb7C PRbFRENaREON APV RIS 4] & fehe reSist pattern
by EASH addHBh a%ﬁ N £ahd Pyt tgkgﬁséiﬁcgeﬁﬁuFﬁgeegse of KrF
_aue at the tine Sl ze neasur enent al ue at I rst
rés @) |fPord @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-solubleresincompositionwell ontotheresist patternhaving
a high water repellency such as an ArF resist pattern on which it
wasdifficult toapplyuniformly thewater-soluble resincomposition
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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Ref erence Exanple 2 and Conparative Exanple 2 By use
of the matrix for an inspection of a size nmeasurenent
prepared in Reference Exanple 1 as a nmatrix for a
nmeasurenent for a reference and a matrix having an
ArF resist pattern before being 23 coated with a

coat ed Iayer V\,hi ch was prepared in the sane procedure
as i.n Exanp as a matrix for anlnspectlono

2 SR L ASHPERAE ToH ThEoGs AT at IS BIRNEFe.® BOBPAPAF to reduce
|
%ﬁ?aexfato JP% Sbéh ?%&i%uéﬁeg%{?{r%ge 2 28 %gfsaaf@%gé’%&attern easily

e con
aBd éﬁ@ebla%etl@ebfélw YAt QY o @té&ﬁstféﬁhbyl PBiVWRSning a resist
calculated . "The results are shown in Figure 2. In

p&tygara 2hiehshewdighe ireswdtter dfepdrel kawegestyhnpkea® ArF resist
and shows the result of Conparative Exanple 2. As is
petearnfyohh Kihfume t2r - osliukel ereasuire FERPOBILFcAmat | dgcordingly it
si ze of the

e B T T AT, renn e
M N Bt

bi,aygé paHseR A iPv@nt iz measur enent f| uct uation as
shown = by Conparative Exanple 2. Whereas the

fl uctarad bGso b+ @rcAnF hesigmppaved rioywh dehhag deigh fluctuation
nodified | ayer on a surface of an ArF resist pattern
oL ﬁgzﬁh@e@\ﬁtlé?m§ﬁltu36@*élpe%¢¢l %ﬁo@lf@béﬁmoint%élze measurement

BRSSP konety FRCERR.EY 8 FhechROBRPRoR AEbRelErgHEdnS a size of
a @Qg\igtsﬂ-ilgg%fﬁlb éﬁMbq_ctoﬁgéoﬁgé%cp%%ﬂPe %Qﬂ'héfde?ate an influence

wat er sSin conp03|t|on onto e resi st
o trefdl Mavbgtetn b Phi ¥ed @1af epl beneyesuebnapeam ByFforming a

resist pattern on which it was difficult to apply
deveIopihy ddendirerc st bimedidsien dayposioni arsurface of a resist
patternapplying the water-soluble resin composition of the present
invention to improve a size measurement fluctuation ratio of an
ArFresistpattern. Thereforeitispossibletoensuretheretention
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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in the nethod so far applied and was difficult to form
an acid-crosslinked hard | ayer having sufficient
thickness and also it is possible to forma nodified
| ayer having sufficient film thickness in a good
controllability by applying the water-soluble resin
conposition of the present invention as nmaterials for
Wﬁ%EnH@9<1%§iﬂe80§ESd | ayer of a resist pattern.
ereby it 1s posSsi‘ble to reduce a separation size or
a hole aperture size of a resist pattern easily and
effectively belowa limt resolution by thickening a
11 esi svatpat-tseylubbhéchres im gheompoat e arepedh&nayteudizred in
as an ArF resist pattern with the water-soluble resin
cepppésiitivrt Acestdienyrfan-sobupdeskbsdn.oatopmid generator
at small ,cost a fine trench pattern aor

easj Ly an a
C?Pﬂbaﬁol %gp&%%‘?ﬁaﬁé%}ﬁnga% Grelt RYoel6&td1%espB & solvent
LpLt | Ut by the present invention. And al so
c#%?h%ﬁliﬁg‘gégggf pattern which has a high fluctuation
of a size neasurenent ratio and has a problemin a
si ze nmeasurenent inspection affected by an el ectron
2 bezire waone reasiibige: aed z7e a@impas i ediost apatdmwiingyto claim 1,
SEM it becones possible to noderate an influence on
whereindtheaetlaanthgoniteddi g va ter dpectridedbbamone 1swater.
form ng a devel oping agent insoluble nodified | ayer
on a surface of a resist pattern applying the
3 Wahel sl ubl g regin %%@L%'Jd@ogﬁt%% B]E:%%%in to claim 1,
i nvention to Irnprove a size AsUr ement -1 uct tiat? on
wHet & 9nof tae  Abhvaast Stchat hehAnglhe/afor e désk$ibed before
possi ble to ensure the retention of quality upon
compni aesumiatgea gl @ondund 0f s dévides easgayiandolwvehe.
able to manufacture a sem conductor integrated circuit
and so on in a high yield. 25

4. The water-soluble resin composition according to any one
of claims 1 to 3, wherein the water-soluble resin described

before is a copolymer represented by the general formula (I):

R! R
W o

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

group, -OCOR* or

|
L
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What is clained is; 1. A water-soluble resin
conposition characterized in conprising at |east a
wat er - sol ubl e resin, an acid generator capabl e of
generating an acid by heating and a sol vent
containing water. 2. The water-soluble resin
conposition according to claiml1, whereinthe solvent
€ L 0j be _f a Al
Roar CePAE RS e P Lt CRpk BT A B Bh s 308 100, 000
wherein the sol vent containi ng water descrlbed bef ore
conprises water and a water-sol ubl e organi c sol vent.
54. Theewadtcar-soluble resiim comossitdapnaacaratdigngoto any one
any one of clains 1 to 3, wherein the water-soluble
ofesil@ idusscly |tb¥303 B@T%?%lnsthecvﬁéle)rrreﬁ‘ol’ébﬂéséﬁtsédl e scribed

ener al rnula (I ere
bEAG T 1en PP AR HE R TR BBREENDY, CRONIaPegEn. deoi L (1T)
or a nethyl group, R3 represents a hydroxyl group, a
carboxyl group, -OCOR 4 or N LN 26 R4 represents an
al kyl group, and mand n each are 10 to 100, 000. 5.
The wat er-sol ubl e rBsin conposition according to any
one of clai , in the water-soluble resin
descri bed beforle | epresented by ﬁge
general fornmula (11 (

wherein R' represents a hydrogen atom or a methyl group and

m is 10 to 100, 000.

6. The water-soluble resin composition according to any one
of claims 1 to 5, wherein the acid generator described before
is an amine salt of an organic acid represented by the general

formula (III) :

0=8$=0 (1II)

CH,CHj3
wherein R® represents an alkyl group, a hydroxyl group or a

carboxyl group.
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m(ll) ©Oo wherein Rl represents a hydrogen atomor a
met hyl group and mis 10 to 100, 000. 6. The

wat er - sol ubl e resin conposition according to any one
of clains 1 to 5, wherein the acid generator described
before is an amne salt of an organic acid
represented by the general fornula (rrr): R5 O=S=0 (

|| .
represents%i?éﬁgsﬁ group, a éﬁgoxy C%?%ﬁ?é%éﬁhg to any one

o€ak Daxils 9rods, FhekelheNELRItSPLHBIRYI@SHR sin composition
conposition accordlng to any one of clains 1 to 6,

fulréheim ¢dmepwabers sol sibr facesiacttonposigendan  f urt her
conprises a surface active agent. 8. The water-sol uble
resin conposition according to any one of clainms 1 to

o by SR 5 SELALET S BORRLE PLER oty BT 550y ome

Eaéﬁél W?%ﬁ“?(ﬁ#ﬁfﬁhaggdcggyaégﬁ%lEghaﬁhy%&ﬂ%éfghng 1 to

parts™ by wei ght’ e wat er - e resin

3@01339%@ b9nwe9_gh% Rt trelfd W Of 81 g MBI M £h 84U6E81 to 10
a separation size
parts by weight of the acid generator relative to 100 parts

by weight of the water-soluble resin composition.

9. A pattern forming method which reduces a separation size
or a hole aperture size of a resist pattern practically and
effectively below a 1imit resolution, which is characterized
in comprising a step of forming a coated layer by applying
the water-soluble resin composition according to any one of
claims 1 to 8 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, 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.

10.The pattern forming method according to claim 9
characterized in that the resist pattern described before is
aresist patternwhich is formed by an ArF responsive radiation
sensitive resin composition.

11.Amethodwhichreduces adimensional fluctuationof a resist
pattern by electron beam irradiation, characterized in

comprising a step of forming a coated layer by applying the
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or a hole aperture size of a resist pattern
practically and effectively belowa limt resolution,
which is characterized in conprising a step of
formng a coated | ayer by applying the water-sol uble
resin conposition according to any one of clainms 1 to
8 on a resist pattern, a step of formng a nodified

er of tgiﬁcoated | ayer whi.ch is made insoluble in

| ,
VRGEH -GHHIDLR TF SR GRERAT b 0P 6CA AT BOARY afeo! claims
i t i f i C oo
16318 brP 8 EEL o Bat i, U AT ARER Dinogiried layer

osuthaceftéhe1 hoshstyrpai 1 8 RYgdevielPi Mg1et BB a developer
coated | ayer described before. 10. The pattern form ng

inekhatke aetaddieny widthaion & sharfacierofedhen tdal sthepattern
resist pattern described before is a resist pattern
deficed hed fhg hevebyaBf ArfterspbnEpvaingdieaPiedrrern having the

sensi,t i resin _conposition. . A net hod i ch reduces .
nEAT R GANE Y PO BIPTF OP T PRIt S pdid o R BypY developing
t GLeCLE Pepmy Ly %‘Qfﬁ#ffged‘:%@@cﬁl rized in

conprising a step o ormng a coated | ayer by

applying the 28 water-soluble resin conposition

according to any one of clains 1 to 8 on a resist
1paTher methed ephothf aediune s aodi heed ilayelr fbhcthetion of a

coat ed Iager which is made insoluble in a devel oper .
renlgtde? BF ATACEY WiR T 6PN PR fdce dF 2t henragrerding toclaim

attern .descri bed fore,, and a step of fornming_a
PR EFReR SR T i T nel et G She bRl B85 nap petore
. Lesi e Y- dev NG ot | ayer :
128 Se 08 LA 5 RLOBHG 5 LRELE0R By sy sesponsive
rédMmeasionatehbietval irs0h dompesdstipattern by

el ectron beamirradi ation according to cl aim
13.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 any one of claims
1 to 8 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
describedbefore 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.

14 .Themethod of a resist pattern inspection accordingtoclaim

13 characterized in that the resist pattern described before

29



11 characterized in that the resist pattern described
before is a resist pattern which is forned by an ArF
responsi ve radiation sensitive resin conposition.
13. A nethod of a resist pattern inspection
characterized in conprising a step of formng a
coated | ayer by applying the water-soluble resin
.conposition accordi ng to any.one of céa'ns 1 1t0_8 on .
1§ Phor S Bl (AT BRSO 181 iR ec B, FATbchT By drespons ive
r9hithe SpaLeflsiUele WLER L S.dRdss | p3glubl e (0 @
eveloper 1h a determned wdth on a surface of the
resist pattern described before by heating the coated
| ayer described before, a step of formng a pattern
1 haTihregné haoniodlf &i eelsliayera bhean smspace iah dheoresking to claim
pattern by devel oping the coated | ayer described
1BepPdr €1ladit ke seBprof tidasteingna thedt ihpaft binthdickmess of
electron_beamirradiation tq the resist pattern
cREs Bkt Ber opge 1 Ao ShiBha: Rt orealred B0 pho Perh
i nspection according to claim 13 characterized in
that the resist pattern described before 29 is a
resist pattern which is formed by an ArF responsive
radi ati on sensitive resin conposition. 15. The nethod
of a resist pattern inspection according to claim 13
or claim 14 characterized in that the filmthickness
of the nodified |ayer described before is 2 to 100
nm 30
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