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NOVEL PROCESS FOR PREPARI NG RESI STS TECHNI
The present invention relates to a nethod for preparing a

CAL

resi st conposition used in manufacturing sem conductor elenents etc. and

to a resist
met hod for
conposition

conposition prepared by this nethod, and in particular, to
preparing a positive-working chemcally anplified resist
sensitive to actinic radiation and to a positive-working

chemcally anplified resist conposition prepared by this nethod.
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The present invention relates to a method for preparing
a resist composition used in manufacturing semiconductor
elements etc. and to a resist composition prepared by this
method, and in particular, to a method for preparing a
positive-working chemic_ally amplified resist composition
.sensitive to actinic radiation and to a positive-working
chemically amplified resist composition prepared by this

method.

BACKGROUND ART

In recent years, fine processing is required for

_manufadturing semiconductor devices with higher degree of

integration, and to attain the higher degree of integration,
a shorter wavelength light source comes to be used in a light
exposure apparatus used in photolithography. Up té now, the
techniques of using KrFiexcimer laser radiation (248.4 nm) have
been established, and a wide variety of resist materials
suitable for this wavelength have been found. In Japanese
Laid-open Patent Publication Nos. H9-6002, H9-6003, H5-249682,

H4-219757, H2-209977, etc., various resist materials suitable



for exposure with KrF excinmer |aser radiation have beenreported. These
known resist materials include polynmers having at least a recurring unit
represented by e.g. the followi ng general fornula (1V) and

pol yhydr oxystyrenes or phenol resins having tert-butoxycarbonyl groups.
[err] wherein R err] represents a hydrogen atom or a net hyl
group, R12 and RI13 independently represent a hydrogen atom or
strai ght-cha

[ i.n, branched o c.alk [ C n
at ons_ wher eut% ST reaﬂ#ﬁ[%é&l Tx‘é%’@eé lr%ﬁr %%3 gg?;)i/‘oﬂ %bgr&érge}n %{gg
or Rerr] and err] may be, conblned t.o f.or ene . chain co nrng
2 to 5 carbohP R%S o‘ﬁferrerﬁl§ grRdShiad S+ n@% gﬁ’P X’H‘&Fﬁ haViRgH2 rjo
cyclic alkyl group containing 1 to 10 carbon atons, a straight-chain,
branched or By&PFRIrRAPRgalRHE Rﬁﬂﬁﬁ§QRﬁﬁ4u?Wn§ q- tGhS & rﬁ?Qﬁr%ﬁ
ar al kyl group, Rlerr] represents a_hydrogen atom or cyano group, Rlerr]
represents a Oﬁl}lﬂiégéﬁvht@hﬁlcﬁo%ymmyﬁFbﬁﬁneﬂ[%Frth‘?re?ﬂf RS LaRididgen
atom a cyano group or -COOY whereupon Y represents a straight-chain,
branched or te¢ttrbutbkytagbonplcenoubsi-ng 1 to 6 carbon atons, or R[err]
and R[err] may be boun to each other to tform-CO O CO, pk and q
|ndependently represen lh nat ur al nunber bvi ded t hat 16
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-wherein R,; represents a hydrogen atom or a methyl group, R,,
and R,; independently represent a hydrogen atom or a
straight-chain, branched or cyclic alkyl group containing 1 to
6 carbon atoms whereupon R,, and R,; are simultaneously not
hydrogen atoms, or R,, and R,; may be combined to form a methylene
chain containing 2 to 5 carbon atoms, R,, represents a
straight-chain, branched or cyclic alkyl group containing 1 to
10 carbon atoms, a straight—-chain, branched or cyclic haloelkyl
group containing 1 to 6 carbon atoms or an aralkyl group, R,
represents a hydrogen atom or a cyano g.roup,_ R,¢ represents a
hydrogen atom or a methyl group, R,; represents a hydrogen atom,
a cyano group or —COOY whereupon Y represents a straight-chain,
branched or cyclic alkyl group containing 1 to 6 carbon atoms,
or R, and R,, may be bound to each other to form -CO-0-CO-, p

and q independently represent a natural number provided that



0.1 [err] p/(p +q) [err] 0.9, and r represents 0 or a natural nunber
provided that when r is a natural nunber, 0.05 [err] r/(p + g + r) [err]

0. 50. Such resist materials, together with a photoacid generator
for generating an acid upon irradiation to actinic radiation, and ,if
necessary, an organic base for stabilizing the line width of a pattern and
additives for inproving characteristics such as optical or nechanical
properti es,

f ty, ,adhesi t bst t
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formso-called "chem cally anplified resi st conp05|t|on" egte t he
conposi ti on PEOYPEEFeENAS ét’h§9b§t A&t @ Nedarrads kst oth 05 &84 Et"'l Fafe
i s formed. The resist materials, for exanple represent ed by the

above generak)f& MW etc. are synthesized by (1) reaction of (a) a
homopol ymer of hydroxgstyrenes a copol yner thereof with other nononers,
or phenol resin an8ugch) Begif}l Baheriesmpouhdgeshed - vaEh- put yphotoacid
di carbonate, (2) homopol ynerization of a reacti-on product from
hydr oxyst yr egepexntion fpnygenehatingoapoanidovpdi-ieradbatypndicadvimie,
or copolynerization thereof with other nonomers, or (3) elimnation, with
an acid if nedéstapp, anda ipardcexdsdmnctarowaigagricubssenfeondicesi Xizimese
honopol ynmers or copol yners. To conduct these reactions, materials
absor bi ng expheurleineadwatithn dfe. g§. pattheatn cahdr eaddiftt eresus €d rasing r@airig on
initiator acid catal yst. However the 3
characteristics such as optical or mechanical properties, a
film forming property, adhesion to a substrate etc., are
dissolved in an organic solvent suitable for forming a resist
coating to form so-called “chemically amplified resist
composition”. After the composition is abplied to a substrate
such as wafer etc., a resist image is formed.
The resist materials, for example represented by the
above general formula etc. are synthesized by (1) reaction of
(a) a homopolymer of hydroxystyrenes, a copolymer thereof with
other monomers, or phenol resin and (b) a vinyl ether compound
or di-tert-butyl dicarbonate, (2) homopolymerization of a
reaction product from hydroxystyrenes and a vinyl ether
compound or di-tert-butyl dicarbonate, or copolymerization
thereof with other monomers, or (3) elimination, with an acid
if necessary, of a part of functional groups introduced to these
homopolymers or copolymers. To conduct these reactions,

materials absorbing exposure radiation (e.g. aromatics)are

often used as a reaction initiator acid catalyst. However the



renoval of this catalyst usually requires the step of isolating and
purifying the:polynmer or the step of renoving the catalyst, and after
.these steps, the reaction product is used as the resist nmaterial. The
reason for the necessity of renoving the acid catalyst by a certain nethod
after the reaction is that this reaction is an equilibriumreaction so the
remai ni ng acid causes the reverse reaction to significantly deteriorate

the performance and rrage_stabilit f..the resultjin hot oresi st ... .
Furthor . i ERBOBBLyHEARLRRLE LY S0 MaHED L ACBUR P PRethe S R ar KAIEEIRT 1 o
prepare a resist conposition, the acid cgtal st bsor bs exgosure radi ation
to cause unfaRerRIbTEEPHUGSRENBOLYRET s tREnRT AP Rf SeMeYnG heIGRtE LSt
devel opnent. Ceneral I%/ to isolate and purify the pol ymer aobtained by any
of the prepardaEfdiepEbeessdensy) the reagid aopraduetibrysgeietheresist
organi c solution containing the polyner after the reaction is introduced

into water tmateysadt|iThe trrag ian thie merqssity, of arrmening e piaid ed
crystals are recovered by filtration and washed with water under the

present circoatahpstsbyAndcertaimavetdved \gitdn sthpwlseactien disddiateddgai n
in a suitable organic solvent, the polyner solution is introduced into
wat er, and theactihor i anedurid ida-iaroveacsioepeatled refmd imwerabyddragises t he -
precipitated crystals under reduced pressure, whereby the polyner suitable
as a resist théerraberpbot psaosibhvetont eipaifichatdlt aideadrildyseer tHd i s
practically difficult to renove the acid catalyst fromthe pol ynmer
conpl etely, pépSopRaNtétanistorage stability of the resulting$photoresist.
Further, if the polymer without isolated and purified is used
directly to prepare a resist composition, the acid catalyst
absorbs exposure radiation to cause unfavorable phenomena such
as remaining of resist film after development. Generally to
isolate and purify the polymer obtained by any of the
preparation processes (1), (2) and (3) described above, the
organic solution containing the polymer after the reaction is
introduced into water to crystallize the polymer with stirring,
and the precipitated crystals are recovered by filtration and
washed with water under the present circumstances. And, if
necessary, this polymer is dissolved again in a suitable organic.
solvent, the polymer solution is introduced into water, and the
same procedure as above 1is repeated, followed by drying the
precipitated cfystals under reduced pressure, whereby the
polymer suitable as a resist material (photosensitivematerial)

is obtained. However, it is practically difficult to remove

the acid catalyst from the polymer completely, thus permitting



a part of the acid catalyst to remain in the polynmer. And it causes a
reduction in the degree of protection. In the step of isolating and
purifying the polyner as described above, about 5 L of organic solvent and
about 150 L of water for crystallizing the polyner with stirring, and
about 75 L of water for washing are the mnimumrequirenment for producing
about 1 kg of the resist material. Therefore, because of the problem of

di sposal of waste, organi c sol yent d ste water.,, practical |arge-scale
product i on a8 PAFbeCht AR RIS HorS L ity 8 POIIMETt 1edatto a
great problemfromthe oi nt of, protection view of the environnent.
Further, it Ga¥Sedi f FEFCTEO Mt o HRITRS SuMFSHfie™in each materia
in the reaction s&sten1up to naw, thus leading to varjations anbng |ots
in the degree of ptBt EBEi 58 Ofhd SPRFHET iRUielsy 1 e e BYL YR Feasur e

the degree of protection after isolating and purifﬁing the polyner, or to
measure the @6pstibedcahe¥at abauthe I ofcorgandys sedvestesndnmabeuthéSanbunt

of a vinyl ether conpound introduced into the reaction systemin order to
achi eve despEsthteyfogscoyspablezingrthe polymefwwitlestixpolgmendhaweuty a
phenol i ¢ hydroxyl or carboxyl group protected partially is inherently
chenmi cal | y uiibt &blcef dusstex ofors washiogureeraasttonpanéodumi treduiecarsmtd for
pol ymer and wundergoes deconposition reaction in the presence of a trace
amount of acpdoduchyghemiutng.kg OEchrossisomapeadadt.s Theredorky Bddsuse
deconposition have great adverse influence on the
5 of the problem of disposal of waste organic solvent and waste
water, practical large-scale production as large as 100 kg batch
or more is difficult, and it is also a great problem from the
peint of protection view of the environment. Further, it was
difficult to control the moisture content in each material in
the reaction system up to now, thus leading to variations among
lots in the degree of protection of the polymer. So it was
necessary to measure the degree of protection after isolating
and'purifying the polymer, or to measure the moisture content
in the reaction system to estimate the amount of a vinyl ether
compound introduced into the reaction system in order to achieve
desired degrees of protection.

Further, a polymer having a phenolic hydroxyl or carboxyl
groupprotectedpartiallyisinhérentlychemicallyunstabledue
to its structure as compared with the usual polymer and
undergoes decomposition reaction in the presence of a trace

amount of acid or by heating. Decomposition products formed

by this decomposition have great adverse influence on the



performance of the resulting photoresist. In the conventional isolation

and purification process, the elimnation or deconposition reaction of the

protective groups occurs depending on handling, and owing to variations
of protection of the polyner, poor reproducibility anong |ots

beconmes problematic in production. In particular, a problem concerning the
stability of the polyner having acetal as a protective group forned by

reaction with i sopropenyl t hyl her in the iso]ation _and purifjcation
Steps |5 repBPESQBRRcEIal WMEPSUSHIRS R toSeabTt 5 11507 convent £8nat
- Al'though highly practical resist naterials suitable for exposure with KrF

t he degree

exci mer | asetSPA@tdCPon 3RSy ePHEE 1FBEAARasPTAESEFT bebiNg§hoS el Mi ARt §PBAt OF

probl ens as descri bed above remain in _the conventional nethod for
preparing t hBeFeBPOELFACEr | #L3CtiPRer 8for Bhet HRFRteStVeat JHRHRRd POFUES
met hod for preparing a resist material which is free of these problens,
that is, whi dapengliagi pabhanfdingar gadsewingprodveriahionasini upeidegdee
steps, is effected econonmically and in a short tinme, does not pollute
envi ronment , ofapdogectsonachridue ipodlymensspoornaeprodhcibidéklyeamong less st
characteristics; and a nethod for preparing a resist conposition using

resi st mat er babombksapmebtlbynathics innprbddction.

study and exam nation, the present inventors found that the degree of
protecti on otohbernpagymire ceradid icontedltles polimerahasihgwactgd ay 4 he
6

resi st

protective group formed by reaction with isopropényl methyl
ether in the isolation and purification steps is reported by
Uday Kumar, SPIE, Vol. 3049/135 (1997).

Although highly practical resist materials suitable for
exposure with KrF excimer laser radiation have been found as
described above, the great problems as described above remain
in the conventional method for preparing the resist materials.
Therefore, there is great demand for a method for preparing a
resist material which is free of these problems, that is, which
is suitable for large-scale production, has simplified steps,
is effected economically and in a short time, does not pollute
the environment, and gives a practical resist material
excellent in resist characteristics; and a method for preparing
a resist composition using the resist material obtained by this
method.

As a result of their eager study and examination, the

-present inventors found that the degree of protection of the

polymer can be controlled within a narrow range and the resist

in

t he

t he
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material can be prepared w thout isolation and purification of the polyner
by using specific materials as a reaction catal yst, solvent and reaction
st opper, for exanple by using none of aromatic conpound as the acid
catalyst in preparing the resist nmaterial etc. and by controlling the

noi sture content in the reaction systemat lowlevels. By this, the
problenms in the prior art, that is, the problens of the environnent,

costs, conplicated. prodyction process,, variati.ons. in alities apon
lots, and USBRBSTLRL GAR CRPERBESHA L Lot hd JekaRiomats: PUF i ELGR eSSl ved
all at once, and the present invention is congieted. . That is, an
obj ect of thBNPRASMET RYWEing SREFF i BELE 1SRRG FEAFTARRIfREFbYST,
preparing a resist conposition, particularly a chemcally anplified resist
conposi ti on, SQhvent pedsFeaion GttBRRBur EORoEXFRPYeWPYHh USdEs TR B! et
rays, KrF or ArF exciner |aser radiation but also with electron beans,
X-rays, i-|iaromatig-¢ompeovndian ithe, agsdveatakysty ineprspardpgpbhetyemist
prepared by this method. Anot her object of the present invention is
to provide amaterhall ébc.pargabyngort rell sngcompovrisonreherrtent hien ridss st
conposition can be obtained without isolating and purifying resist
materi al s, asesaetionassgstesmi at towpbsvélsn Bepdriss, bhe tdrcbtdicich the
An additional object of the present inventionis to provide a nethod for
preparing a pesdbstagdppeRati @8, the problems of the environment, costs,
complicated production process, variations in qualities among
lots, and use of the unstable polymer as the resist material
can be solved all at once, and the present invention is
completed.

That is, an object of the present invention is to provide
a practical method for preparing a resist composition,
particularly a chemically amplified resist composition, which
is suitable for exposure not only with deep-ultraviolet rays,
KrF or ArF excimer laser radiation but also with electron beams,
X-rays, i-line and g-line radiation, as well as a resist
composition prepared by this method.

Another object of the present invention is to provide a
method for preparing a resist composition wherein the resist
composition can be obtained without isolating and purifying
resist materials, as well as a resist composition prepared by
this method.

An additional object of the present invention is to

provide a method for preparing a resist composition



economcally and in a short tinme wthout using a | arge anount of sol vent
and water, as well as a resist conposition produced by this nethod.

A further-object of the present invention is to provide a nethod for
preparing a resist conposition hardly polluting the environnent.

DI SCLOSURE OF THE | NVENTI ON The constitution of the present

i nvention for achieving these objects conprises: 1. A nethod for
preparing a resist .congposition wthout isolat.i and purifying resist

mat ori al s f oPFEHOBY SPA4dt PBA, 1nuhi LI TorTS &b bt s neh aut REPP- SBPHBEC

pol ynmer having a _phenolic hydroxyl or_carboxyl group with a vinyl ether
conmpound an@FoFOHVaRk\ANY WSS FonaSeWehlt 3 HresdstecorrasibianyRrodncad
aprotic solvent suitable as a resist coating.solvent in which these

materi al s caRYb&hdissBethed- fol | oned by adding at |east a photoacid
generator to the solution. . 2. A method for preparing a resist
conposi ti on accor dRnfurthertem ectbel hawpsresiontt haveotioundst boheroeadeed
with the alkali-soluble polynmer having a phenolic hydroxyl or carboxyl
group i s a vangpetbbdeforoppepadingna trésist acenpesit tonimatdby poEbenieg of
an acid catalyst, followed by adding a base thereto to stop the reaction,
then at | easthe photieaamdnggenerator is ~added to the reaction solution thus
f or ned. 8 3. A nethod for
preparing a resist conposition according

DISCLOSURE OF THE INVENTION

The constitution of the present invention for achieving
- these objects comprises:

1. A method for preparing a resist composition without
isolating and purifying resist materials formed by reaction,
which comprises reacting an alkali-soluble polymer having a
phenolic hydroxyl or carboxyl group with a vinyl ether compound
and/or dialkyl dicarbonate in the presence of a catalyst in an
aprotic solvent suitable as a resist coating solvent in which
these materials can be dissolved, followed by adding at least
a photoacid generator to the solution.

2. A method for preparinlg a resist composition according
to item 1 above, wherein the compound to be reacted with the
alkali-soluble polymer having a phenolic hydroxyl or carboxyl
group is a vinyl ether compound, and these are reacted in the
presence of an acid catalyst, followed by adding a base thereto

to stop the reaction, then at least a photoacid generator is

added to the reaction solution thus formed.



to item1l above, wherein the conpound to be reacted with the

al kal i - sol ubl e pol ynmer having a phenolic hydroxyl or carboxyl group is a
di al kyl di carbonate, and these are reacted in the presence of a base
catal yst, followed by adding at |east a photoacid generator to the
reaction solution thus forned. 4. A nmethod for preparing a resist
conposition according to item 1 above, wherein the al kali-sol uble polyner

havi ng a phenolic_hydroxyl or carboxyl.group is reacted wth a vinyl,
et her conpound as ?eétwﬁ6§°6bﬁﬁadaﬂeP%r%ﬁ%*bF8§éﬁ5eC8?P%ﬁ¥%&Pa a%%ﬁ%?&%?,
foll owed by adding a base thereto {o stop the reaction, then g dj al kyl
di carbonate tQ HeeRdl 13PPVer SBREFEOR thCreIWPOURA AL reRMERA g1 Eh phie

catal yst, and_at |east a_photoacid _ generator is _added to the reaction

sol uti on t hudlkatipgoluble polbymar fa Wbad fPhenedadia RYdaokEdi oF cpR¥YLi on
according to item1, 3 or 4 above, wherein the dialkyl dicarbonate is

di -tert-but ygrdupaidponadialkyl dicarbgnatehoandotheseppre packedite the
conposition according to any one of itenms 1 to 4 above, wherein the

al kal i - sol ubpresentgnef bhavasg agtteiwstc hotiowgll by eddbogylatgrlmgsti saa
vinyl polynmer having at least a recurring unit represented by general
formula (1) :photoacid generator to the reaction solu®ion thus foxnesd)]

4. A method for preparing a resist composition according
to item 1 above, wherein the alkali-soluble polymer having a
phenolic hydroxyl or. carboxyl group is reacted with a vinyl
ether compound as reaction compound in the presence of an acid
catalyst, followed by adding a base thereto to stop the reaction,
then a dialkyl dicarbonate is added to the solution to react
in the presence of a base catalyst, and at least a photoacid
generator is added to the reaction solution thus formed.

5. A method for preparing a resist composition according
to item 1, 3 or 4 above, wherei_n the dialkyl dicarbonate is
di-tert-butyl dicarbonate.

6. A method for preparing a resist composition according
to any one of items 1 to 4 above, wherein the alkali~-soluble
polymer having a phenolic hYdrdxyl or carboxyl group is a vinyl

polymer having at least a recurring unit represented by general

formula (I):



wherein R err] represents a hydrogen atomor an al kyl group, R2 represents
an al kyl group and mis O or an integer of 1 to 4. 7. A nethod for
preparing a resist conposition according to item 6 above, wherein the
vinyl polynmer having at least a recurring unit represented by general

formula (1) is at |east one menber sel ected from

pol y( hydroxystyrene), poly(hydroxy-a-nethyl styrene),

and pol y(hydroxynmet hyl styrene). 8. A nethod for preparing a resist
conposition according to any one ofgitems 1 to 4 above, wherein the

al kal i -sol ubl e pol yner havi a phenol \c hydroxyl or carboxyl group is a
vinyl polyner having at Boreclrmimg unit represented by general
formula (11): [err] erein Refr] representgI3 hydrogen atomor an

egaring a resi st conposition according

al kyl group. 9. A nethod for
mer having at |east a

to item 8 above, wherein the vinyl
10

(RQ OH
wherein R, represents a hydrogen atom or an alkyl group, R,
represents an alkyl group and m is 0 or an integer of 1 to 4.

7. A method for preparing a resist.composition according
to item 6 above, wherein the vinyl pdlymer having at least a
recurring unit represented by. general formula (I) is at least
one member selected from poly (hydroxystyrene),
poly (hydroxy—a—methylstyrene) p and
poly (hydroxymethylstyrene). |

8. A method for preparing a resist composition according
to any one of items 1 to 4 above, wherein the alkali-soluble
polymer having a phenolic hydroxyl ér carboxyl group is a vinyl
polymer having at least a recurring unit represented by general

formula (II):

|
R3

T
- CH—C—) (1)
Rs
(IZOOH
wherein R; represents a hydrogen atom or an alkyl group.
9. A method for preparing a resist composition according

to item 8 above, wherein the vinyl polymer having at least a

10



recurring unit represented by general formula (I1) is a honp- or
co-polynmer of acrylic acid or nethacrylic acid. 10. A nethod for
preparing a resist conposition according -to any one of itenms 1 to 4 above,
wherein the al kali-soluble polynmer having a phenolic hydroxyl or carboxyl
group i s a phenol resin. 11. A nmethod for preparing a resist
conposition according to item9 above, wherein the phenol resinis a
novol ak resin. ) 12, A nethod for .preparin r esi.st nposi ti,on
according t5eGHYTORE BRIt (EFRI9SEREA] @%&&eﬁe%&rﬁ“%ﬁe (;rgl)rbé? A %e

nmol ecul ar wei ght of the al kali-sol uble polynmer having_a phenplic hydroxyl
or carboxyl @FoGp-Pelymggocfoagsydag acid or ﬂ?éﬁéqﬁk%ﬁﬁj% ‘preparing a
resi st conposition according -to item11, 2 or 4 above, wherein the vinyl

et her conpound i s 18né repheddiReBrEParHadR &St 6PRAPELLLPR)acCording
C(Rlerr]) (Rerr])=C(Rlerr])-ORerr] (Irr)y wherein Rerr],

R err] and REerahyiomnepehdeteny ¥ e esahove hydienpin dihanaldald-soluble
strai ght-chain, branched, cyclic or hetero-cyclic alkyl group containing 1
to 6 carbon pobymerdrel iRl reghersehis hydronydi ghtcagheizyl gravpheda phesldle or
hetero-cyclic alkyl or aralkyl group containing 1 to 10 carbon atons which
may be subskresfihed with a hal ogen atom an al koxy group, aral kyl

oxycar bonyl group and/or al kyl carbonyl am no group. 14. A met hod
for preparing a resista negnodifidprapaetcigng reisd sitt enmp3s bbue aoderding t he
vi nyl ether compound is i sopropenyl nethyl ether. 15, A

met hod for pegpgfém® avdAd S whedgiesithieophasedr 8eBgn is a novolak resin.

12. Amethod for preparing a resist composition according
to any one of items 1 to 11 above, wherein the number average
molecular weight of the alkali-soluble polymer having a
phenolic hydroxyl or carboxyl group is 1,000 to 30,000.

13. Amethod for preparing a resist composition according
to item 1, 2 or 4 above, wherein the vinyl ether compound is
one represented by the general formula (III):

C(R,) (R} =C(R¢) ~O-R, - (I1II)
wherein R,, R, and R, independently represent a hydrogen atom
or a straight-chain, branched, cyclic or hetero-cyclic alkyl
group containing 1 to 6 carbon atoms, and R, represents a
straight—éhain, branched, cyclic or hetero-cyclic alkyl or
aralkyl group containing 1 to 10 carbon atoms which may be
substitﬁted with a halogen atom, an alkoxy group, aralkyl
oxycarbonyl group and/or alkyl carbonyl amino group.

14. Amethod for preparing a resist composition according-

to item 13 above, wherein the vinyl ether compound is

11



toitem11, 2 or 4 above, wherein the vinyl ether conpound is a cyclic

vi nyl ether conpound. 16. A nethod for preparing a resist
conposition according to item 15 above, wherein the cyclic vinyl ether
conpound is 3, 4-di hydro-2H pyran. 17. A method for preparing a
resi st conposition according to iteml1, 2 or 4 above, wherein the vinyl

et her conpound is a divinyl ether conpound. 18. A nethod for
preparing a resist conposition according to item 17 above, wherein the

di vi nyl et hetSEBRBBERY i%‘etbﬁgaﬁég‘%lu 1, 4-divinyl ether, ethylene glycol
divinyl ether or triethylene glycol divinyl ether. . 19. A nmethod for
preparing a resi stléo%B%FPPGrﬁg%EBFHPﬁéngt% IeSft1CoRPeF 1 1 g ARSOXMET I n
the vinyl ether conpound consists of a conbination of 2 or nore vinyl

et her conpouh@ésitem 1, 29r 4 ghaved whareiepdre iginy ¥ efihar commowind drs
according to any one of itens 1 to 19 above, wherein the vinyl ether
conpound or diavkyicdveayboatheri sompedndt a ratio of 0.1 to 0.7 nol

equi val ent to the phenolic hydroxyl or carboxyl group of the

al kal i - sol ubl e pol ¥yéreA hevhod forpheaphrinhyalresylstocompas bokyh agicyding
21. A nmethod for preparing a resist conposition according to item2 or 4
above, wheretao itemadc) calate] weresid thsayr kiddrinyl ether compound is
12 of acid as a non-aromatic acid generated fromthe photoacid

generator in3chedigpdity-20ppyiaed resist, and the anount of the acid
catalyst is 0.1 to 10 mml equivalent to the hydroxyl or

17. Amethod for preparing a resist composition according
to item 1, 2 or 4 above, wherein the vinyl ether compound is
a divinyl ether compound.

| 18. Amethod for prepar.ing a resist coméosition according
to item 17 above, wherein the divinyl ether compound is
butanediol-1, 4-divinyl ether, ethylené glycol divinyl ether or
triethylene glycol divinyl ether.

19. Amethod for preparing a resist composition according
toiteml, 2 or 4 above, wherein the vinyl ether compound consists
of a combination of 2 or more vinyl ether compounds.

20. Amethod for preparing a resist composition according
to any one of items 1 to 19 above, wherein the vinyl ether
compound or dialkyl dicarbonate is used at a ratio of 0.1 to
0.7 mol equivalent_to the phenolic hydroxyl or carboxyl group
of the alkali—soluble polymer having a phenoclic hydroxyl or
carboxyl group. | | |

21. Amethod for preparing a resist corhpositién according

to item 2 or 4 above, wherein the acid catalyst is the same kind

12



car boxyl group of the al kali-soluble polyner having a phenolic hydroxyl or
car boxyl group. 22. A method for preparing a resist conposition
according to item 21 above, wherein the non-aromatic acid is at |east one
menber selected fromm neral acid, organic sulfonic acid and hal ocarbonic
aci d. 23. A nmethod for preparing a resist conposition according to
Item 22 above, wherein the mneral acid, organic sulfonic acid and/or

hal ocarbonic acid is at |east one nenber selected from hydrochloric acid,
sul furic aci 9f aeiflap8sal PORGIRERFIC @&tphaenFadiRt from Jdigy photoacid
trifluoroacetic aci d and trichloroacetic acid. 24. A

met hod for pgeparshgrain ebiestcaddpoanplshiadamsisy and themmpunt of Yhe
above, wherein the base that is the reaction term nator or base catal yst
is at | east anddneabalystlbst@dl froom0 amedneguivedenitctanthe, hydyexyt ani um
hydroxi de and conjugate salts thereof. 25. A nethod for preparing a
resi st conposatrboryiocgoou rf the allkal P4sabavke pailgmes m hialve nigas epltdradliics
the reaction term nator or base catalyst is at |east one nenber sel ected

from anmmoni Bydtokel hgkagamboxgicyebapexyl methyl am ne, tetranethyl

anmoni um hydr oxi de, triphenyl sul foni um hydroxi de, di phenyl

13 | odopp UM h¥dheyi £iex pirepRireRyl $ telsarRitusbapes @t@ontéddﬁwmﬂg

sul f oni um canphanat e, and tri phenyl sul f oni um canphor at e.

met hod for pggpaldm@12ap86L s twkOr®Os ithiecORcACERhAERYC acid is at least one
member selected from mineral acid, organic sulfonic acid and
halocarbonic acid.

23. Amethod for preparing a resist composition acéording
to item 22 above, wherein the mineral ‘acid, organic sulfonic
acid énd/ér halocarbonic acid is at least one member selected
from hydrochloric acid, sulfuric acid, methanesulfonic acid,
camphorsulfonic acid, trifluoroacetic acid ana
trichloroacetic acid.

24. Amethod for preparing a resist composition according
to item 2, 3 or 4 above, whefe_in the base that is the reaction
terminator or base catalyst is at least one member selected from
ammonia, organic amine, organic onium hydroxide and éonjugate
salts thereof.

25. Amethod for preparing a resist composition according
to item 24 above, wherein the base that is the reaction
terminator or base catalyst is at least one member selected from

ammonia, triethylamine, dicyclohexyl methylamine, tetramethyl

ammonium hydroxide, triphenylsulfonium hydroxide, diphenyl

13



to any one of itens 1 to 25 above, wherein the solvent is at |east one
nmenber sel ected fromglycol ethers, glycol ether acetates and aliphatic

esters having no hydroxyl or keto group. 27. A nmethod for preparing
a resist conposition according to item 26 above, wherein the solvent is
propyl ene glycol nononethyl ether acetate. 28. A nmethod for

preparing a resist conposition according to any one of items 1 to 27
above, wherein_the co t of . wat

, ct,ion systemis 700
[ess. 3 S4om Rufte it her o5 PhENY LPELEER BB ERE DR ad ORISR Lt o
Item 17 above, wherein a | ow nol ecul ar polﬁhydrox argmatic conpound is
used al ong WFHRhIPREUR; GRRphapeker eBfpbarghenylsulignium QaMRROI& Rosi tion
prepared by a nmethod described in any one of items 1 to 29 above.
Herei nafter, the ndbhdamebhogfgiapraparéspsa registi @gpupoghtiipasiagording
conpositions of the present invention, and materials wused in the
prepar ati on therrpfone coflekempel i 2fetediave, Prhergin itte JoResnitstis at
Mat eri al As descri bed above, the resist material is synthesized by
reacti on anledktl onsomebber palleodedhdsony ghyphknethershydidoxcyll @ther
carboxyl group with a vinyl ether conpound and/or dial kyl dicarbonate in
t he presenceacétateatald/aliphaahcastErishaving no hydroxyl or keto group. 14
solvent suitable as a resist coating solvent capable of dissolving these
mat eri al s. Accor2fi n@l slethod fidieppepatihg d RSkt WomSes VENGS sttt dEihg

al cohol s and ketones cannot be used for synthesis of the resist naterlal
Speci fical | Yo Wn€8Bmt P& above, wherein the solvent is propylene glycol
monomethyl ether acetate.

28. Amethod for préparing a resist composition according
to any one of items 1 to 27 above, wherein the content of water
in the reaction system is 700 ppm or less.

29. Amethod for preparing a resist composition according
to item 17 above, wherej.n a low-molecular p-élyhydroxy aromatic
compound is used along with the .divinyl ether compound.

30. A resist composition prepared by a method described
in any one of items 1 to 29 above.

Hereinafter, the method for preparing resist materials
and resist compositions of the present invention, and materials
used in the preparation thereof are described in detail.

p . f Resist Material

As described above, the resist material is synthesized

by reaction an alkali-soluble polymer having a phenolic
- hydrox&l or carboxyl group with a vinyl ether compound and/or

dialkyl dicarbonate in the presence of a catalys't in an aprotic

14



vinyl ether conpound is used in synthesis, an acid catalyst is used as the
catal yst, and the reaction is stopped by adding a base, while when a

di al kyl dicarbonate is used, a base catalyst is used as the catal yst, and
the reaction solution after synthesis is then forned into a resi st
conposition by directly adding a photoacid generator and as necessary
additives to the reaction solution without isolating or purifying the
resist material. Accordingly, it is necessary to use the followﬁn%

speci fic nat 8PL¥PBtasSuHRllg appstd FesdtStoncebpper sideniol fapgble of
Further, in synthesizing the resist material, a |ow nolecular polyhydroxy
aromati ¢ conPedfglvingsdidhesongahcrfialehe vRAAGPTrdingEYeonigbukbiet afesgnt
further inproving the characteristics of the resist nmaterial. Materials
etc. used ihnpeepiarhngpeleentsissichnas@&licohals ahd ketores dannarit berysediat
I's, (1) al kali-soluble polyner having a phenolic hydroxyl or carboxyl
group, (2) vioylseitizestonpbiite aediditamkyeridilcar$oaat £icédB)y| ovhemnl ol ar
pol yhydroxy aromatic conpound, (4) reaction acid catalyst, (5) reaction
base cat al ystinyb)ethie@acdmpowidppetsed7in Ionithdsissednaact dacit &hysolient ,

and (8) reaction conditions are further described hereinafter. (1)
Al kal i - sol ubhse@od ¥y nitie EMidlgy st pheiDlthe Ryedeeivh 05 stopped by adding a
15 car boxyl group, The al kal i - sol ubl e pol ymer having a

phenol’i ¢ hyds@xy| wafil< ankexy|digoup usedrbbnbiie D& QRRNH, bWESE iR SMysibe

any polynmer containing a phenolic hydroxyl or carboxyl group known to
is used as the catalyst, and the reaction solution after
synthesis is then formed into a resist composition by directly
adding a photoacid generator 'and as necessary additives to the
reaction solution without isolating or purifying the resist
material. Accordingly, it is necessary to use the following
specific materials as the catalyst, reaction stopper and
solvent. Further, in.synthesizing the resist material, a
low-molecular polyhydroxy aromatic compound is used along with
the viﬁyl ether compound thereby further improving the
characteristics of the resist material. Materials etc. used
in preparing the resist material in the present invention, that
is, (1) alkali-soluble polymer having a phenolic hydroxyl or
carboxyl group, (2) vinyl ether compound and dialkyl
dicarbonate, (3) low—moleculax;polyhydrbxy aromatic compound,
(4) reaction acid catalyst, (5) reaction base catalyst, (6)
reaction stopper, (7) solvent used as reaction solvent, and (8)
reaction conditions are further described hereinafter.

(1) Alkali-soluble polymer having a phenolic hydroxyl or

15



prepare a chemcally anplified resist material. Exanpl es of the

al kal i - sol ubl e pol yner having a phenolic hydroxyl or carboxyl group

i nclude polynmers having at least a recurring unit represented by the
general formula (1) or (11) above or polycondensation resin such as phenol
resin. - Preferabl e exanples of the polyner having at |east a
recurring unit represented by the general formula (1) include a

honopol ynmer of xg rene, hydroxy-a-nethylstyrene, or
hydroxynethyF§F€¥ i &8 vaners usi ng these vinyl nmonomers, or copol yners
of at |east one of these vinyl nononmers with other nononers. Further,
preferabl e exanpl eShefatirl borgheble dalygerharingia pheaddds hydgaryl or
represented by the general formula (I11) include a honopol of acrylic
aci d or net haeFhPrElgreup usssbipnehs PESiSeatt hegenwgmmamim@ny pP@kymer
copolynmers of at |east one of these vinyl nononers with other nononers.
Exanpl es of centaipbhgcenderenelin hpdraxihclosdeaatimnyl r gspups kalowas to
novol ak resin. The nunber average nol ecul ar wei ght of t'hese polyners or
condensat i onppepgner ar ebemnicalpyehmpdhifjet, @e8ist ma@e@d@l. Further, a

m xture of the al kali-soluble polynmer having a phenolic hydroxyl group and
t he al kal i - sol ubl eEpahybes of]&\lﬂengllaabmboxmblgrpmlmner htké nal KalHerssl bl e
pol ymer havi ng both a phenolic
hydroxyl gr okipdadgdyd SArdelydx gl atpursdhcilsie pbﬂ:yiﬁé@é having afhEed$tyd
nmononers used as a conononer conponent in said vinyl polyner include vinyl

nDNoNers r epr&sert eghynibergeresanted ¥ynehad G¥heral formula (I) or (II)

above or polycondensation resin such as phenol resin.
Preferable examples of the polymer having at least a
recurring unit represented by the general formula (I) include
a homopolymer of hydroxystyrene, hydroxy-o-methylstyrene, or
hydroxymethylstyrene, copolymers using these vinyl monomers,
or copolymers of at least one of these \'rinyl monomers with other
monomers. Further, preferable examples of the polymer having
at least a recurring unit represented by the general formula
(II) include a homopelymer of acrylic acid or methacrylic acid,
copolymers using these vinyl monomers, or copolymers of at least
one of these vinyl monomers with other monomers. Examples of
such polycondensation resin iﬁclude- phenol resin such as
"novolak resin. The number average molecular weight of these
polymers or condensation polymer resin is preferably 1,000 to
30,000. Further, a mixture of the alkali-soluble polymer
. having a phenolic hydroxyl group and the alkali-soluble polymer

having a carboxyl group, or the alkali-soluble polymer having
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[err] wherein R8 represents a hydrogen atomor a .cyano group, R err]
represents a hydrogen atomor a nethyl group, R err] represents a hydrogen
atom a cyano group or an optionally substituted phenyl group or -COOY
wher eupon Y represents a straight-chain, branched or cyclic al kyl group
containing 1 to 6 carbon atons, or Rerr] and Rerr] nmay be bound to each
other to form-CO O CO. Exanples of these vinyl nononers include styrene,
met hyl methacrylate, tert-hutyl nefhacrylate, fumaronitrile etc. 2)
Vinyl ether B8 oﬁdﬁh%%ﬂiﬂ?§W¥%¥° iég @nd a Ca?h8xy'n?FOBPhe?anﬂﬁﬁénds
represented by -the general fornula (111) described above include vinyl
ethers such B8 Ufgfhyl vinyl ether, ethyl vinyl ether, n-butyl vinyl ether,
tert-butyl vinyl ether, 2-chloroethyl vinyl ether, 1- nethoxyethyl vinyl

et her, 1-benzyl oxyERAyTiRYhyIoONAmess gsed as g FIORNISIe FPMPeNRats 18 R#H . As

i sopropenyl nethyl ether, isopropenyl ethyl ether etc. Preferabl e
exanpl es of eyByieadymer dnicdusle nenyt@monomers represented by the generdl

3, 4-di hydro-2H pyran etc., and preferable exanples of divinyl ethers

i ncl ude but-afedmolal (¥)divinyl ether, ethylene glycol divinyl ether,

triethylene glycol divinyl ether etc. These vinyl ether conpounds
can be used alone or in conbinaﬂ?on t?ereof. The vinyl ether conpounds in
total are

Rg Ry

wherein Ry represents a hydrogen atom or a cyano group, R,
represents a hydrogen atom or a methyl group, R,, represents
a hydrogen atom, a cyano group or an optionally substituted
phenyl group or —COOY’whereupoh.Y.represents a straight-chain,
branched or éyclic alkyl group containing 1 to 6 carbon atoms,
or Ry and R,, may be bound to each other to form -CO-0-CO-.
- Examples of these vinyl monomers include styrene, methyl
methacrylate, tert-butyl methacrylate, fumaronitrile etc.
(2) Vinyl ether compound and dialkyl dicarbonate
The wvinyl ether-compounds represented by the general
formula (III) described above include vinyl.ethers such as
methyl vinyl ether, ethyl vinyl ether, n-butyl vinyl ether,
tert-butyl vinyl ether, 2-chloroethyl vinyl ether, 1-
methoxyethyl vinyl ether, l-benzyloxyethyl vinyl ether etc.;
and isopropenyl ethers such as isopropenyl methyl ether,
isopropenyl ethyl ether etc.

Preferable examples of cyclic vinyl ethers include
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used preferably in a ratio of 0.1 to 0.7 nol equivalent to the phenolic
hydr oxyl or carboxyl group of the al kali-soluble polyner having a phenolic
hydr oxyl or carboxyl group. Pref erabl e exanpl es of the dial kyl

di carbonate used in the present invention include di-tert-butyl

di carbonate. As wth the vinyl ether conmpounds, the anount of the dialkyl
di carbonate used is preferably 0.1 to 0.7 nol equivalent to the phenolic
hydr oxyl or ga aof _the IkaI al ayi ng lic
hydr oxyl or %’a (g ng?ou Tbyran-e ‘I: ’t%nég’r%?ee%tabﬁnvé%?mgnesa? %asjtn% e
vinyl ether ound eas e, djal k rbonat e c se

si mul t aneousty? nE? ﬂﬁ%@?%%t%?e l%fnbié %h?yis%?%%‘?e N qliéé%‘?lr bed
in (1) above, Low nol ecul ar hydr oxy .arqgnmati ¢ conpound The
IOMFnDIecuIa?1¥kW %yﬂ?%ﬁ?laFBﬁﬁFpggééﬁpS&N&°Hagﬁﬂény§ &EORE €henol i ¢

hydr oxyl groups can raise the de ee of crosslinking of polyhydroxystyrene
by reacting with tHesgvVapyl & c%fPPﬁEJ‘ElWEIdS FBR Lfaripi’d 2KORAe OFasia? of

| ow- nol ecul ar  pol yphenol  havi ng nmore phenolic hydroxyl groups
represent ed eyMRinakien okypread eﬁhﬁuﬁ#nzﬂrﬁﬁhﬁﬁﬂqgmﬂﬁunds in total are
18 pol yhydr oxystyrene can be crosslinked by a reaction product

fromthe di visgd ptafarajplipdme zatioroEMdy dxy Phénpbl et paiealenher@ahe?
nol ecul es of pol yhydroxystyrene are crosslinked by 1 nolecule of the
di vi nyl et hegghemohbontdydfbxyli nor eegebokyl hgrodggref bthe crdskslliimsioigble
results in an inprovenent in resist

polymer having a phenolic hydroxyl or carboxyl group.

Preferable examples of the dialkyl dicarbonate used in
the present invention include di-tert-butyl dicarbohate. As
with the vinyl ether compounds, the amount of the dialkyl
dicarbonate used is preferably 0.1 to 0.7 mol equivalent to the
phenolic hydroxyl or carboxyl group of the alkali-soluble
polymer having a phenolic hydroxyl or carboxyl group.

Iﬁ the present invention, at least one wvinyl ether
compound and at least one dialkyl dicarbonate can be used
simultaneously for protection of a single alkali-soluble
polymer described in (1) above.

(3) Low—moleculaf polyhydroxy aromatic compound

The low-molecular polyhydroxy aromatic compound having
3 or more phenolic hydroxyl groups can raise the degree of
crosslinking of polyhydroxystyrene by reactingwith the divinyl
ether compound. For example, in the case of low-molecular

. polyphenol having 3 or more phenolic hydroxyl groups

represented by trishydroxyphenyl ethane, 3 molecules of
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contrast, thus inproving the performance of the resist. Further,

tri shydroxyphenyl ethane itself can act as a dissolution pronoter to
further inprove the contrast. Mononuclear trihydroxy benzenes, polynuclear
phenols etc. having 3 or nore phenolic hydroxyl groups denonstrate the
sane effect. (4) Reaction acid catalyst If the resist
materials to be synthesized are used as a conponent of a resist

conposi tion gfysggfggﬁ%gt?x%negg{aor meéro% a.lszlzfg( ré‘%)‘}i' O{n%%c’%&% s Jlr;cgélgcr:%bl ©

to use a cat

wavel engt h of KrF excl ey r Acco di n en _an_acid as the
reacti og cafAPPstie Jd %"%FW%\F@ ﬁ%&ﬁ%é‘ﬁ%‘qr?ﬁgpb%ri yne,
Exanpl es of aglds whj. c e us reaction catalyst in the

present inveKtFoR3Pn |IB|<a eFﬁl EFanaE‘P ¥h¥ ERX%STYRGAPORRE oF FeSatimked by
sulfuric acid etc., organic sulfonlc acids such as nethanesul fonic acid,
canphor sul f ohitokRGHl@OL the dhaineheiban Fempaupds TRigHncrgase of the
trifluoroacetic acid, trichloroacetic acid etc. The anount of the acid

used is preflegapeyod. cro$ slo. nisio cerswitenis ap dhergvemsinitc iy dresxist
19 - or carboxyl group of the polynmer having a phenolic hydroxyl
or carboxyl cgnbupst, thus|dmproviage ®her epérficymamphordul thai creaxist i s
used as the reaction catalyst in the formof solution thereof in
propyl ene gl Jeothepponethghydrbeyphenyat eethbneai iltselfiti cani sachead®d ®r
stored for a long period of time, the propyl ene glycol
dissolution promoter to further improve the contrast.
Mononuclear trihydroxy benzenes, polynuclear phenols etc.
having 3 or more phenolic hydroxyl groups demonstrate the same
effect.
(4) Reaction acid catalyst
If the resist materials to be synthesized are used as a
component of a resist composition exposed with e.g. KxF eximer
laser radiation, it is preferable to use a catalyst showing no
absorption at 248 nm i.e. the exposure wavelength of KrF excimer
laser. Accordingly, when an acid is used as the reaction
catalyst, the acid is not to have a benzene ring preferably.
Examples of acids which can be used as the reaction catalyst
in the present invention include mineral acids such as
hydrochloric acid, sulfuric acid etc., organic sulfonic acids
such as methanesulfonic acid, camphorsulfonic acid etc. or
halocarboxylic acids such as trifluorocacetic acid,

trichloroacetic acid etc. The amount of the acid used is

preferably 0.1 to 10 mmol equivalents to the phenolic hydroxyl

19



nononet hyl ether acetate is hydrolyzed to generate propylene glycol
nononet hyl ether (PGVE) by which the reaction is significantly inhibited.
Accordingly, the solution of (+/-)canphorsulfonic acid in propylene glycol
nononet hyl ether acetate should be prepared just before use. (5)
Reaction base catal yst and (6) reaction stopper When a di al kyl

di carbonate is used as a conpound to be reacted with the aIkaIi-squbIe

Phe’ronct orP® CRERGOLL SHARLORRERS SRAOT: Rltind.BrpBoRALES TP REL SF

compound to be reacted mnth the alkall--oluble pol ynmer having a phenollc
hydr oxyl or SaFPBeXYl ¢FBWB: a base is used as the reaction stopper. As

t hese bases, usual bases which are optically deconposable or not
deconposabl e and af® thedase s8Rkt +o/n’a)lca"éﬁfb?3f$‘+££°1i’hcc%é¥ﬁlc3aﬁ |ysed as
anplified resists can be preferably wused. Exanples of these bases include
ammoni a; or geb craAchaon statalst riet canforn @ifcyrebMelgn FheRgPaniire
etc.; ammonium hydroxi des represented by tetranethylamonium hydroxide
( TMAH) , spitdowl eme glycdily toormesbyl ethepracetate, if sbyd solution is

20 tri phenyl sul f oni um hydroxi de, iodoni um hydroxi des represented
by di phenyl i skt dimwrhy to p&d des a8 dl arom pegdtoedo § & inge 0t hehesepy beneiml ycol
hydr oxi des, such as triphenyl sul fonium acetate, triphenyl sulfonium
canphanat e, ridndhetlyys udfiost Ut drattyydmriloyzehase gegridten phap®lene

catal ysts or reaction stoppers are preferably those which when formed into
a resist congpptdl Ofonomethyl ether (PGME) by which the reaction is
significantly inhibited.. Accordingly, the solution of
(+/-)camphorsulfonic acid in propylene glycol monomethyl ether
acetate should be prepared just before use.
(5) Reaction base catalyst and (6) reaction stopper
When a dialkyl dicarbonate is used as a compound to be
reacted with the alkali-soluble polymer having a phenolic
hydroxyl or carboxyl group, a base is used as the reaction
. catalyst, while when a vinyl ether co_mpound is used as a compound
to be reacted with the alkali-soluble polymer having a phenolic
hydroxyl or carboxyl group, a base is used as the reaction
stopper. As these bases, usual bases which are optically
decomposable or not decomposable and are used as conventional
-additives in chemically amplified resists can be preferably
used. Examples of these bases include ammonia; organic amines
such as triethylamine, dicyclohexyl methylamine etc.; ammonium
hydroxides represented by tetramethylammonium hydroxide

(TMAH) , sulfonium hydroxides represented by
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do not have influence on resist sensitivity, and in particular,
deconposabl e bases are preferable. When amne is present in the resist
conposition, attention should be paid because sensitivity may be | owered.
Further, inorganic bases are not preferable because nany of them contain
nmetal ions to. pollute the substrate such as silicon wafer etc.
polymer is neither isolated nor purified according to the nethod for
preparing a resist c iti,on of the present i,nvention, . the min caus
For ' I nstabi | FE3PBERVRECNOPPHER HYATGHEL AT e 5N UL PRRF BHLARE FFRHTITIHS B
thereof can be elimnated. If a base is used as the reactiqon stopper, the

stability of PYh@ipBeyreiodpring AHErorifrored CoRd WWaded Salie

pol ynmer having, acetal as a protective groug, its stability
nmore at roofRivRpehydfirgideseonfudied.as tri

f or

optically

If the

&hisq he

2 nont hs or

phgnyRsudfegdnm | peahaten as

descri bed above, the step of inactivating the acid catalyst by use of the
base is an itpbphanylsulépnihatamphandter tihiohenictswhioniyn Hagiphdratiee
base for exanpl etriphenyl sul foni unmacet at eort hel i kei saddedwhereby the acid
catalyst is etatr dliess meattimcthasd echttadl yitop dtheceaction stoppers are

21 reaction, so that a polyner solution having storage stability
can be obt ai pedferdbeoriiosalwhicaddtich dorakdt hetbas erd i stn coappoisdalient,
amount to the acid is sufficient to inactivate the acid, but because
storage st abddirdot hatebienfludies onetels Bsit Byen saddivig ygbaut i1k prexetsahase,
addition of about 1.1 equivalents of the base to 1 equivalent of the acid
i s preferabl §pt 1B451yed686mpB3aB18I bhsBS hakepricFedapARSI dRhahi amine Qlsder

to

present in the resist composition, attention should be paid

because sensitivity may be lowered. Further, inorganic bases

are not preferable because many of them contain metal ions to

pollute the substrate such as silicon wafer etc. If the polymer

is neither isolated nor purified according to the method for

preparing a resist composition of the present invention, the

main cause for instability of the polymer in the step of

isolation andpurification thereof canbe eliminated.

If abase

is used as the reaction stopper, the stability of the polymer

is further improved, and even in the case of the polymer having

acetal as a protective group, its stability for 2 months or more

at room temperature is confirmed.

In the present invention as described above, the'step of

inactivating the acid catalyst by use of the base is an important

step. That is_, after the reaction is finished, the base for

example triphenylsulfonium acetate or the like is added whereby

the acid catalyst is neutralized and inactivated to stop the
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determ ne the anmpbunt of another base added as an additive for preparing
the resist. (7) Sol vent The solvent used in synthesis of the
resist materials should be one in which the al kali-sol uble pol yner
containing a phenolic hydroxyl or carboxyl group, the vinyl ether
conpound, the dialkyl dicarbonate, the reaction catalyst, the reaction
stopper and further the resist materials forned can be dissolved and which
does not inhibit the reaction. ILn the present _invention, as the

phot oaci d geRER&taPPandOCERRE h@0dyTery SOAYdiion BavVise Fbprrag Stakblsty
conposition are added into the reaction solution after stop of the .
reaction, itCRB RecePsaiped.o Gheorrtisaildynt agididdion mf tiHes oasrliin vas.
The resi st conposi tion obtained are applied onto the substrate such as
waf er etc. tegudvamlentesheuntitonthe adiat isheufflivéentshouivacbivane tiat
gi ves a excellent application property for the resist conmposition. A
sol vent cont acadpgbat -itaguee B torayk ettabigridup das bet fpreheradéeubeddvge

it becones a nmin cause for 22
i nhibiting thddiagabaut 10 $ excessBxaeg) asidift itdieosalbart 1i. mcdgidier 0 arcod
et her acetates such as et hyl ene glycol nonoethyl ether acetate and

propyl ene  ogl yhel bapsonet Dyegei velerE bt €hé PEHEA) iansress 41518 UC hrr?és
et hyl - 3- et’hoxypr opi onat e, methyl - 3- met hoxypr opi onate, anong whi ch

propyl ene gl ¥gebsEDHAERY hyl1 Pt Ber 0RIAt ents RoBfAIRYRion THeseqsel yents
may be used alone or in the formof a mxture
determine the amount of another base added as an additive for
preparing the resist.
(7) Solvent
The solvent used in synthesis of the resist materials
should be one in which the élkali—soluble polymer containing
aphenolichydroxylorcarboxylgroup,thevinylethercompound,
the dialkyl dicarbonate, the reaction catalyst, the reacfion
stopper and further the resist materials formed can be dissolved
and which does not inhibit the reaction. 1In the present
invention, as the photoacid generator and other necessary
additives for forming a resist composition are added into the
reaction solution after stop of the reaction, it is necessary
to use the solvent dissolving these additives. The resist
- composition obtained are applied onto the substrate such as
wafer etc. to form a resist film, so that the solvent should
be one that gives a excellent application property for the
resist composition. A solvent containing a -OH group or a keto

group is not preferable because it becomes a main cause for
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t her eof . (8) Reaction conditions The conditions for
reacting the al kali-sol uble polyner havi ng a phenolic hydroxyl or
carboxyl group with the vinyl et her conpound or the dial kyl dicarbonate
may be the sane as in the prior art, and the reaction nay be conducted
under the sanme conditions as in the prior art. In this reaction, if water
Is present in the reaction system the vinyl ether is deconposed to form
al dehyde and, al cohol, and the degree of protection by t he vinyl ether
conpound becbd@ibibie® £R&nrEAELdLR-value. As the drop of the degree of
pol ymer has a significant effect on the thickness |oss of the resist film
in devel oper, the Boemples ofctheefplyfAnll dnpéugenigdivesd iathate aaaf@tiem
system preferably. That is, if the noisture content in the reaction
systemis sochras leathtlernse glydodwnasoptbyilbétherhecetgtecand prapwetinieon
can be in a certain narrow range, to significantly reduce : variations in
degrees. of pybyecli monesmethyparttien tareatate (REMEARNtandaksteast isoich as
Accordi ngly, the noisture content of 23

t he reacti onesloy Lt Besthekopeophenaeact neahyhesHaeltoxmaawpddnate , Kanong
Fi scher nethod in order to confirmthat the noisture content is within a

range of e.gwhDHEK ﬁz@ﬁpﬂer@@lgE@n RNEGH €hy ] idt HdieaBBater £s @aRifeiHabls mor e
than 700 ppm attention shoul be paid such that the degree of protection

is within a peisyabdBvent ' mey D! &sdY dTiLast Nt e aBMNlo Ol tdry!
et her conpound as necessary. The reaction tenperature and reaction tine
are thereof.
(8) Reaction conditions

The conditions for feacting the alkali-soluble polymer

-having a phenolic hydroxyl or carboxyl group with the wvinyl

.ether compound or the dialkyl dicarbonate may be the same as

in the prior art, and the reaction may be conducted under the

same conditions as in the prior art. In this reaction, if water

is present in the reaction system, the vinyl ether is decomposed

- to form aldehyde and alcohol, and the degree of protection by

the vinyl ether compound becomes lower than the set value. As
the drop of the degree of polymer has a significant effect on -

the thickness loss of the-resist film in developer, the moisture

content should be minimized in the reaction system preferably.

That is, if the moisture content in the reaction system ié

controlled to be as low as possible,.the degree of protection

can be in a certain narrow range, to significantly reduce

variations in degrees of protection as cohpared with the

conventional reaction. Accordingly, the moisture content of
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e.g. 25 [err]C and 6 hours respectively, but if the protective group is
ketal, are e.g. O [err]C and 2 hours respectively. If a single

al kal i -sol ubl e polyner is protected by both a vinyl ether conpound and a
di al kyl dicarbonate, usually the polynmer is subjected to protection '
reaction with the vinyl ether conpound in the presence of an acid catal yst
and then subjected to protection reaction with the dial kyl dicarbonate in
the presence of a base catalyst. Preparation of Resist Copposition

The resist ddfpdHagtePn SPrepaedafiotfodts FH2AHIR SO ey MiFg Sied
resist material by directly adding to the resist material solutiaon
prepar ed as biedanlbdi sthwze me ddic icd dege Fér £ONHG 1 HHGn Fheapriisd ugre
generating an acid upon exposure to actinic radiation (photoacid

gener at or) amwhtidntndcewsthynaa denge afice addiiqW & 78P PPpr oEIRSRABP e,
optical and nechanical characteristics, a filmformng property, adhesion
with the sulstheatmpistoreoptnoent |is mexehéhbor 7 0fpensatitargion Fheuld
viscosity of the conposition is regulated by addition of sol vent,

24 be phidengsisghyt thd kegreleved protedtiompispartng theet osilste,
conposition is not limted to the type of solvent having been wused in
synt hesi zi ngdhexaapil stbyahetieadlsingnthé bmcuntos§itlevihelusthanyosploveidt
which is conventionally used in preparation of a-resist conposition.

Furt her, an)ésoB@dés%@ﬁ.ge@%akéagtis@mﬁs@ﬁawﬁe Qd k@ rr ekl 1dry @S meMaireh
are used conventionally in chemcally anplified resists, can al so be used.
The total ol dgoRt 6RY § RS FESHELL FPEPYSISIORE En8HA AN Wd BrhB
is ketal, are e.g. 0 °C and 2 hours respecfiv_ely. |
If a single alkali-soluble polymer is protected by both
a vinyl ether compound and a dialkyl dicarbonate, usually the
polymer is subjected to protection reactionwith the vinyl ether
compound in the presence of an acid catalyst and then subjected
to protection reaction with the dialkyl dicarbonate in the
presence of a base catalyst.
F £ £ Resist C ition
The resist composition is prepared without lisolating or
purifying the resist material by directly adding to the resist
material solution prepared as described above a photoacid
generating compound capable of generating an acid upon exposure
to actinic radiation (photoacid generato.r) and if necessary a
base and additives for improvement of optical and mechanical
- characteristics, a film forming property, adhesion with the
substrate, etc. optionally in the form of a solution. The

viscosity of the composition is regulated by addition of solvent,
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range of 10 to 50 % by weight, nore preferably 15 to 25 % by weight,

relative to the sol vent. Hereinafter, the photoacid generator (9),
the base (10), and the additives (11) used in the resist conmposition of
the present invention are described in nore detail. (9) Photoacid
gener at or Any conpounds can be used insofar as they generate acids

by irradiation to actinic radiation used in exposure of the resist.
Preferabl e groups of the photoacid generator are shown below, but these
are shown fotfeGRASTILPur pd<ss, s%ﬁiﬂe?ﬁe ussitht 6BciRF{RAeRM o hgsapteish
the resist conposition of the present invention is not limted to the
foll owi ng: FaFPREZLIQNf éaﬁy’l’lo‘éli&z’bhﬁq!]m thechype BEsEPEBpREPYRBLNG dpge

di azonet hane; (b) bis-sulfonyl nethane such as nethylsulfonyl p-
t ol uenesul f ongednenhavethegirisgl thayresasbongtediaktonendiabe ssigessible

cycl ohexyl sul f onyl 25

cycl ohexyl catbamsge adhivasoidwehdnehich islonsenftdoyplallgyanbedyin matdgsarest ismich

as 2-nethyl-2-(4- met hyl phenyl sul f onyl ) pr opi ophenone; (e)

ni trobenzyl sfil 4 onesist scohpasifiont r cherthdr p-amt pito acsid-fgaaieiting ()

al kyl and aryl sul fonates such as pyrogallol trisnethane sul f onat e;

(g) benzoin stmponatiesandchtBsrbeddDt IvéosWi e are used conventionally
in chemically amplified resists, can also be used. The total
solid content in the resist composition is preferably in the
range of 10 to 50 % by weight, more preferably 15 to 25 % by
weight, relative to the solvent.

Hereinafter, the photoacid generator (9), the base (10),
and_ the additives (11) used in the resist composition of the
present invention are described in more detail.

(9) Photoacid generétor
Any compounds can be used insof-ar as they generate acids
- by irradiation to actinic radiation used in exposure of the
resist. Preferable groups of the photoacid generator are shown
below, but these are shown for exemplary purposes, and the
photoacid generator usable in the resist composition of the
present invention is not limited to the following:
(a) bis-sulfonyl diazomethane such as bis(isopropylsulfonyl)
diazomethane; |
(b) bis-sulfonyl methane such as methylsulfonyl P-

toluenesulfonyl methane;

(c) sulfonyl carbonyl diazomethane such as cyclohexylsulfonyl
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(h) N-sul f onyl oxyi m des such as N-

(trifluoronethyl sul fonyl oxy) pht hali m de; (1) pyridones such as
(4-fluorobenzenesul f onyl oxy) - 3, 4, 6- trimethyl-2-pyridone; (1)

sul fonates such as 2,2,2-trifluoro-1-trifluoronethyl-1-

(3-vinyl phenyl ) -et hyl - 4-chl or obenzene sul fonate; and (k) oniumsalts
such as triphenyl sul f oni utmet hane sul fonate and di phenyl i odoni um
trifluoromethane sul fonate. . These conpounds can be used al one or

i n conbi nat ig¥rlohexgleaprbonyiydipapmethppRéugh vari es depending on vari ous
factors including the chem cal and physical characteristics of t he

synt hesi zed tdksi ssubfionylal sarbeayduarlfangs| oseell asabdomstihard Far Gret er
of the photoacid generator, the anmount of t he photoacid generator used
is usual |y Guethywlpltey?sbyforyyhpropiophefiengbly 0.5 to 5.0 % by wei ght
relative to the synthesized resist materials to achieve their optinm
charact eri st {€s niegtberdyiosulifivhagespauctsuadh 2snitgbbersggl upi—dol wheep
focus 26 dept h and hi gh
stability. sulfordild; Base The usabl e base i ncl udes

radi ation-sensitive bases or usual bases not sensitive to radiation. These

bases are notf) nEoassard YaryEdWulebratled ticH als0pRatbahilanl Bul shradssR
their addition can prevent the deterioration of pattern

characteri st oerfyfei N the case where the treatnment step is
conduct edw t hdel ay, sotheiradditionispreferable. Further, their addition

al so resu'ts(éf‘ﬂéﬂ%éﬁﬁ?m§ﬁifoﬁgtééeéﬁcﬁoggrﬁéﬁzoin tosylate;
(h) N-sulfonyloxyimides such as N-
(trifluoromethylsulfonyloxy)phthalimide;
(i) pyridones such as (4-fluorobenzenesulfonyloxy)-3,4,6-
trimethyl-2-pyridone;
(j) sulfonates such as 2,2,2—trifluoro—l-trifluoromethyl—1—
(3-vinylphenyl) -ethyl-4-chlorobenzene sulfonate; and
(k) onium salts such as triphenylsulfoniummethane sulfonate and

- diphenyliodonium trifluoromethane sulfonate.

These compounds can be used alone or in combination
thereof. Further, although varies depending on various
factors including the chemical and physical characteristics of
the synthesized resist materials, the quantum yield and
absorption parameter of the photoacid generator, the amount of
the photoacid generator used is usually 0.1 to 10.0 % by weight,
preferably 0.5 to 5.0 % by weight relaﬁive to thé synthesized
resist materials to achieve their optimum characteristics

required for lithography, such as high resolution, deep focus
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Anong radi ati on-sensitive base conpounds suitable as bases, particularly
preferabl e exanples include e.g. triphenylsulfonium hydroxide,

tri phenyl sul foni um acetate, triphenyl sulfonium phenol at e,
tris-(4-nmethyl phenyl) sulfonium hydroxide, tris- (4-nethyl phenyl)

sul fonium acetate, tris- (4-methylphenyl) sulfonium phenol at e,

di phenyl i odoni um hydr oxi de, di phenyli odonium acetate,

di phenyl i odonj u phepgl ate, bis-(4-tert-butyl phenyl)i odoni um hydroxi de,
bi s- (4-tergﬁﬁgbyﬁﬁﬁ£%W9ﬁ(ﬁﬁﬁﬁ%ﬁﬁty° acet at e, bis-(4-tert-

but yl phenyl )i odoni_ um phenol ate etc. Further, the base conpounds not

sensitive to radi@9orBasscl ude e.g. (a) amonium salts such as
t et ramet hyl anmoni um hydr oxi de, tetrabuzﬁggnnoniun1hydroxide etc., (b)

am nes such as n-Adgylugade hsfedyicdy rafliationwens Hyl eailbases or

di phenyl am ne, tri phenyl am ne, di azabi cycl ooct ane,
di azabi cycl oustedabkeseisc notasensdtivasito metdeéptdypol-i cThese bases are not
27 - conpounds such as 3-phenyl pyridi ne, 4- phenyl pyri di ne,

-l utidi ne andngcésdartidivt rbgthyrpdriak mesist formihebiobhasamtcbapausesticairbe
used al one or in conmbination thereof. The anobunt of the base conpound
added i s det eddiinedn accandi ngréventie ameunt detetrierphaba aco- gepeteéiAg
conpound and the photo acid-generating ability of the photoacid

- generator. Ushakbyteleshdse eeepotiAdthe ©566 Whede!elhé ot Bdatfent Osid B!

% preferably 25 to 95 nole %relative to the amount of the photo
aci d- gener at tpidgeBauitth delay, so their addition is preferable. Further,
their addition also results in improvements in clear contrast.

Among radiation-sensitive base compounds suitable as
bases, particularly preferable examples include e.q.
triphenylsulfonium hydroxide, triphenylsulfonium acetate,
triphenylsulfonium phenoléte,_ tris—(4—methylphenyl)_
sulfonium.hydroxiae, tris-(4-methylphenyl)sulfonium acetate,
tris—(4-metﬁylphenyl)sulfonium phenolate, diphenyliodonium

- hydroxide, diphenyliodonium acetate, diphenyliodonium
phenolate, bis-(4-tert-butylphenyl)iodonium hydroxide, bis-
(4-tert-butylphenyl)iodonium acetate, bis-(4-tert-
butylphenyl)iodonium phenolate etc;

Further, the base compounds not sensitive to radiation
include e.g. (a) ammonium salts such as tetramethylammonium
hydroxide, tetrabutylammonium hydroxide etc., (b) amines such
as n-hexylamine, dodecylamine, aniline, dimethylaniline,
diphenylamine, triphenylamine, diazabicyclooctane,

diazabicycloundecane etc., and (c) basic heterocyclic
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(11) O her additives O her additives include additives such as |ight
absorbers, dyestuffs, organic carboxylic acids, |eveling. agents,
stabilizers, |ow nolecular conpounds, plasticizer etc. known to inprove

t he optical and mechani cal characteristics, film formng property etc. of
the resist conposition or resist film or those known to inprove adhesion
with the substrate. Fornmation of Resist |nage The resi st
conposition produced by the nmethod of the _ present invention iis used to
formresist $ORRRENGY aSUSH st 3f nagt PR YERY BHIHRR hod AKPHRRYILP HHE 14 /.
That is, the resist conposition prepared by the method of the invention is
applied dirketidinge ande?, pedgitberbnbstyilpyridiagsity onto the
conventional substrate such as wafer etc. in a nmethod known in the art,
such as spin coat iThese basea kemppuadsaked, beyaesk d lanehor rigdicambdma tarmn
subjected if necessary to post-exposure baking,

28 thdirdd Hwe dHey ateneito pfehhewbs he acompdand read dba 6l 0 plert eswdm eas
23.8 % by wei ght of aqueous tetranethyl anmoni um hydroxide (TMAH) to form

resist i mgesccord it o PRECRINBTNEN. OFt AR IWNGS -generathingy chmploans] t he
result of the neasurenent by gel perneation chromatography (GPC) of the

reaction proguet tnebt pheed | AcEdageherdting abiFifly oShaMe t baocthara of a
resist pattern fornmed using the photoresist conposition in Exanple 1,
which is obspdn®fhtor. Usually the base compound is used in a ratio of 10
to 110 mol %, preferably 25 to 95 mole % relative to the amount
of the photo acid-generating compound.
(11) Other additives
Other additives include additives such as light absorbers,
dyestuffs, organic carboxylic acids, leveling agents,
stabilizers, low-molecular compounds, plasticizer etc. known
to improve ;che optical and mechanical characteristics, film
forming property etc. of the resist composition or resist film
- or those known to improve adhesion with the substrate.
F ] f Resist I
The resist composition produced by the method of the
present invention is used to form resist images by a resist image
formation method known in the art. That is, the resist
composition prepared by the method of the invention is applied
directly or after regulation of its viscosity onto the
conve_n-tional substrate such as wafer etc. in a method known in
the art, such as spin coating etc., then pre-béked, exposed with

radiation, and subjected if necessary to post-exposure baking,
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under a scanni ng el ectron m croscope. Fig. 3 shows the result of the
measur enment by GPC of the reaction product obtained in Reference Exanple
1. Fig. 4 shows the result of the neasurenent by GPC of the

reaction product obtained in Exanple 3. Fig. 5 shows the result of

t he neasurenent by GPC of the reaction product obtained in Exanple 4.

BEST MODE FOR CARRYI NG QUT THE INVENTICN Hereinafter, the present

| nvent i on i s cesgibed.] LI odstall by Lef g&%&%nteocf@%;['%.@e Pl & MLCh

however are n rten presen nventt on

Etﬁsg;g;;g?y%éné}gflgépwglgg% Q§°£§3é88§y%%% n%%%t ammonlum hydro&g%e

round- botton1f|ask heated in a . drying oven at 100 [err]C, dried in dry

ni trogen and (F¥BHP né@ ?84"06@15!:1@% was charged with 400 g of

pol yhydr oxystyrene (PHS15E01, with a nunber average nol ecul ar wei ght M =
8, 000, manufactured by Hoechst Cel anese Co.) which had been heated and
dried (treated at 0.1 nw1H%@ 75 [err]C for 2 or nore days and returned to
1 pressure BRIBEr BERGRAPIHEONr OFniTHEPEAWINGS er 2500 g of propyl ene gl ycol
nononet hyl ether acetate (PGVEA) was added thereto, the contents were
purged with nitrogEhgso lasshowpr évtent rhanildi tof thed neasutionent was gel

dissolved with stirring at 25 [err]Cwith a
permeation chromatography (GPC) of the reaction product

obtained in Example 1.

Fig. 2 shows the shape of a resist éattern formed using
the photoresist compositioh in Example 1, which is observed
under a scanning electron microscope.

Fig. 3 shows the result of the measurement by GPC of the
reaction product obtained in Reference Example 1.

Fig. 4 shows the result of the measurement by GPC of the
reaction product obtained in Example 3.

Fig. 5 shows the result of the measurement by GPC of fhe

reaction product obtained in Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention is described in more
detail by reference to the Examples; which however are not
intended to limit the present invention.
[Example 1]
Preparation 1 of poly{p—[i-(2—chloroethoxy)ethoxy]styrene—

p-hydroxystyrene}
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magnetic stirrer. About 30 mnutes were required for this dissolution. In
this step, the noisture content of the solution was neasured by Karl
Fi scher method and it was thereby confirned that the noisture content was
bet ween 500 ppnt o700ppm Then, 112.6 g of 2-chl oroethyl vinyl ether
(0.317 equivalent to the hydroxyl group of polyhydroxystyrene) was added
all at once to this solution. Then, 0.774 g of (+/-)canphorsulfonic acid

(anhydride) was dissolved in. 20 of at roomtenperature and

i medi atel y added £ tlhé%&“iostgi% ifﬁr‘?.s;éﬁ?ar oA REYingonuge: sl 190 25
[err]C for 6 hours in a closed system To prevent humdity in the reaction
system the Fressued dasdregul tregenand ggteamash tororachr Yenperagene | vae
etc. so as to be (internal pressure) > (external pressure). The reaction
was st opped ®jyargedi Ngth3 490y HpfoD. ROy AFOXYF pHERDES UIPHSASEM1ac etidite a
(TPSA) solution in PGVEA (1 equivalent to (+/-)canphorsul fonic acid)

30 numberadvenage wpbacudart weaabit Mre =TBSA Wbl marfagtuntes vy ep,

the reaction solution becane opaque to gradually formneedle crystals, and
about 1 hourHbetkst QdilmamessllCo.dr ybiahshadrieenlhesdleddndTdiei ed sitinaatped
solution was one containing about 16.27 % by wei ght of

pol y{p-[1- (2a€ld.ar aathexy)Eed@od 2 &t HoaredayRysi@aeiumittlo 1 phitss siwder
average nol ecul ar weight of the resulting polyner, as determ ned by gel

perneati on BppuTRiieg vt dr§PE) t Hogen) t heafoét @si0Myg emptbpPhene WAS cgout
14,000 (see Fig. 1). GPC neasurenent conditions (the sane conditions were
used in al IndRaetepENteHiaschibedtbel PPEMEA) was added thereto, the
contents were purged with nitrogen so as to prevent humidity,
and the mixture was dissolved with stirring at 25 °C with a
magnetic stirrer. About 30 minutes were required for this
dissolution. Inthis step, themoisture content of the solution
was measured by Karl Fischer method and it was thereby confirmed
that the moisture content was between 500 ppm to 700 ppm. Then,
112.6 g of _2—chl-oroethyl vinyl ether (0.317 equivalent to the
- hydroxyl group of polyhydroxystyrene) was added all at once to
this solutién. Then, 0.774 g of (+/-)camphorsulfonic acid
(anhydride) was dissolved in 20 g of PGMEA at room temperature
and immediately added to the above solution. The reaction was
conducted at 25 °C for 6 hours in a closed system. To prevent
- humidity in the reaction system, the pressure was regulated by
connection to a dry nitrogen line etc. so as to be (internal
pressure) > (external pressure). The reaction was stopped by
adding 33.3 g of 0.1 mmol/g triphenylsulfonium acetate (TPSA)

solution in PGMEA (1 equivalent to (+/-)camphorsulfonic acid)
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Col um : 2 X PLge 15 [err]m M XED-C Sanpl e concentrati on:

0.1 % (wWv), provided that the sanple is filtered

through a 0.2 [errmfilter before injection.

I nj ection vol une 100 [err]L Mobi | e phase : THF (with no

stabilizer added) Flow rate 0.6 M/ mn. Measur enent tenp.
40 [err]C Det ect or W ([err] = 254 nm Measur enent

6f Mol ecul ar i ght by Use of Polystyren S St andard . . _Fuyrther,
by neasur errei?é'/f i%‘ toﬁ’é%nogﬁgf?f’n%(?‘ﬂ%lérﬁa?’ss&%se_ T%%‘éb\ ?ilPﬂd'l\?le%o‘mJﬁ FRhat
;B:n?io![ g{liys(ragx Zé( %%{]for?nsdofﬁtigrblbogfcoa?rttehycalpavciungltOEtghrearﬁura 8103} Pf%r?r{ rrrPSt

part of the 2-chloroethyl vinyl ether was deconposed by. reacting with a
trace anountceYshaler ppdseRpubnlt Reured@teny G©hRtBRLALPr EFYFPERLSN wEre
Phot or esi st Conposi ti on 0.063 g of triphenylsulfonium
trifl uoronet@hpealivedni cTheycrepyiAKi B ool wahoRn at¥edr eaehFopiRrAnppEn about
Phar maceutical Co., Ltd.) (acid generator), 0.918 g of 0.1 mml/g
triphenyl sL®fdhi utn aket aveigmPSAYE sopalyon—il A—-RavEh]loGoesBogydthoXx vl
Megaf uck solution (trade mark, an agent for inproving affinity for
subst r at e ansit prénénpfloydroxy st ppene . upoBhspimurdoart | ryexrageesnsfl pondae
added to 30 g of the solution produced in the above

weight of the resulting polymer, as determined by gel permeation

a

chromatography (GPC) under the following conditions, was about
14,000 (see Fig. 1).
GPC measurement conditions (the same conditions were used in
all measurements described below)
Column : 2 x PLge 15 um MIXED-C
Sample concentration: 0.1 % (w/v), provided that the sample
is filtered through a 0.2 pm filter

before injection.

Injection volume : 100 uL

Mobile phase : THF (with no stabilizer added)
Flow rate : 0.6 ml/min.

Measurement temp. : 40 °C

Detector : UV (A = 254 nm)

Measurement of Molecular Weight by Use of Polystyrene as
the Standard

Further, by measurement in thermogravimetric analysis
(TGA), it was confirmed that the polyhydroxystyrene and 2-

chloroethyl vinyl ether reacted almost quantitatively except
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process, and the solid contents were adjusted to 15.5 %with PGQVEA to give
a photoresist solution. Formation of Resist |nage The above _
phot oresi st sol ution was spin-coated onto a sem conductor substrate etc.
and pre-baked on a hot plate at 110 [err]C for 60 seconds to forma
photoresist filmhaving a thickness of 0.750 [err]m This photoresist film
was selectively irradiated via a mask vm'th KrF exci nmer | aser radiation at

248.4 nm s cted . to g9) a e rl]C
for 90 secon {algégang’a&vgg %ﬁ?o&%ﬁ%ﬁ ds | lareltEa %?%edg{:io g?%gérg
(2.38 % by wei , Of ague tetranmeth um __h dro de), where

posi tive pat‘f%g Ha |"ﬁjgulé Ghd™§ OIPTngFEtPB%SSF lréotl'f%ﬁﬁe}f%/‘bjror? ess
was obt ai ned Flg 2) . The performance of this photoresi st was equival ent
to that of aSystem. 32 phot or esi st
prepared using a poI yrrer preared by a conventl onal nethod. [Exanple 2]
Prepar ati on 2reg GLee , ox$Hst yr ene-

p- hydr oxyst yr ene} The sane operatl on as in Exanple 1 was repeated.
However,  when ther@&2tg oif wad phesppadl ftaniaguEsds Lyoromedhaste sivponic

correspondl ng to 1 equivalent to (+/-) canphorsulfonic acid was wused in
stead of 33.&cid ofZ2K. 913 GdvoImanTiREA westdith o Pa im IPEVA Phagsnassat. 1 cehle Co. ,
resulting solution was one containing about 16.27 % by wei ght of
pol y{p- [ 1- ( Zttdl br detdickyyenaoaypr) st yi 18 pghyalf oRydt ywenkfg triphenyiber
aver age nol ecul ar

sulfonium acetate (TPSA) solution in PGMEA, 0.153 g of 0.2 %

Megafuck solution (trade mark, an agent for improving affinity
for substrate ahd a film-forming property upon spin-coating a
resist) were added to 30 g of the solution produced in the above
process, and the solid contents were adjusted to 15.5 % with
PGMEA to.give a photoresist solution.
F y f Resist I .
The above photoresist solution was spin—coafed onto a
_ semiconductor substrate etc. and pre—bake@ on a hot plate at
110 °C for 60 seconds to form a photoresist film having a
thickness of 0.750 um. This photoresist film was selectively
irradiated via a mask with KrF excimer laser radiation at 248.4
nm, subjected to post-exposure baking on a hot plate at 70 °C
for 90 seconds, and developed for 60 seconds in an alkaline
developer (2.38 % by weight of aqueous tetramethylammonium
hydroxide) whereby a positive pattern having a line and space

resolution of 0.20 pm or less was obtained (Fig. 2). The

performance of this photoresist was equivalent to that of a
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wei ght of the resulting polynmer, as determned by GPC in the sane manner
as in Exanple 1, was about 14, 000. By TGA neasurenent in the sanme nmanner
as in Exanple 1, it was confirned that the pol yhydroxystyrene and

2-chl oroethyl vinyl ether reacted al nost quantitatively except that a part
of the 2- chloroethyl vinyl ether was deconposed by reacting with a trace
anount of water present in the reaction system A phot or esi st

sol ution was ' ; - ; i

Seampl o 1. i EopsStat bl Ui RCHE R S0C P08 P Rt ol
1 wher eby aégqgﬁtive pattern having a |line and space resolution of 0.20
[err]mor |88 %ds obt ai ned. The performance of this photoresist was
equi val'ent to_that_ of ? phot oresi st prepared using a pol ymer

33 [E¥aRL?ed! by a conventional nethod. [Reference Exanple 1]

Preparation of pol y{p-[1-(2-chl oroethoxy)eth x¥%§t rene-p- . hydroxystyrene}
(convent i onaFTERRFHBHON of ‘?%oPS%W@'?éﬁ(ﬁS'E&l )?ie%&oéiyﬁc?lt%?ézya st;)/re €A 10
L round-bottom flask heated in a drying oven at 100 [err]C, dried in dry
ni trogen anPTRYGFABHSEPLEBBM t enperature was  charged with 1.6 kg of
pol yhydroxystyrene (PHS15EO01) which had been _heated and dried (treated at
0.1 mm Hg, 75 [errTiz gmeoperapien agayisExaaprletuvasdercatedes VR,
purging with dry nitrogen). After 8 L of tetrahydrofuran (anhydride) was
added t her etwhen hthecoraentionwies whogpaedy tan nquegen solutipo pifeTdFH
hum dity,
corresponding to 1 equivalent to (+/-)camphorsulfonic acid was
used in stead of 33.3 g of 0.1 mmol/g TPSA solution in PGMEA
was used. The resulting solution was one containing about
16.27 % by weight of poly{p-[1-(2-chloroethoxy)ethoxy]
styrene-p-hydroxystyrene}. The number average molecular
weight of the resulting polymer, as determined by GPC in the
same manner as in Example 1, was about 14,000. By TGA
measurement in the same manner as in Example 1, it was confirmed
. that the polyhydroxystyrene and 2-chloroethyl vinyl ether
reacted almost quantitatively except that a part of the 2-
chloroethyl vinyl ether was decomposed by reacting with a trace
amount of water present in the reaction system.
A photoresist solution was prepared by using the product
~ in the same manner as in Example 1, and exposed and developed
under thé same conditions in Example 1 whereby a positive
pattern having a line and space resolution of 0.20 pm or less

was obtained. The performance of this photoresist was

equivalent to that of a photoresist prepared using a polymer
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and the m xture was dissolved with stirring at 25 [err]Cwith a nechani cal
stirrer. Then, 447.3 g of 2-chloroethyl vinyl ether was added all at once
to the pol yhydroxystyrene solution, then 2.4 g of p-toluenesulfonic acid
was dissolved in 30 g of tetrahydrofuran (anhydri de) at room
tenperature and inmmediately added to the above solution. The reaction was
conducted at 25 [err]C for 6 hours in a closed system The reaction was

stopped by adding 289 BHUSOHSHFEhtibAR1C0keTNBH . (Prepared by diluting 4.6
of 25 % aqueous TMAH solution (1 equivalent to p-toluene sulfonic acid)

with 30 m \A/Pé%fd%%&lé eaéxgﬂﬁg?gglthe reaction solution. The resulting

sol ution wasa ~dropw se r1 hour to 240 L of 10 % aqueous methanol
\‘,‘\gger Vi gor aige n SEALARNY J° BE?%‘{B'—-th—e(‘zt—QﬁlB%%%ng%%?rot%s;ﬂ%rﬁé)%ﬂfr
water, then the crystals re ground _.with a bl.ender, further shed 3
times wth §E)Y€r%§\¥%?¥r%ﬂﬁ dri(ggnvgptigflg:ir] @elﬁ}fecf r%%ucéﬁoﬂfﬁﬁ&?re st

gi ve about 1.9 kg white }goi\der. The nunber average nol ecul ar wei ght of the
resulting pPHAPYTRY(2-BA XWSthoxy)ethoxy]styrene-p-hydroxystyrene} was

about 15,000 (neasured_by GPC, see Fig. 3??, and t he degr ee of protection
was about 19.0 % (by-Oéi FRENATRSELPRJL s Fd§atedridhar 4FYoRIoPVPRR brid st
Conposi tion 3.1 g of the polyner obtained in the above process was

di ssolved Ih dried2ingdryanpxogernmard retpheadl tolfeem finmperature was

trifluoronethanesul fonic acid, triphenylsulfoniumacetate, and Megaf uck

were added t¢harged atithhd.Sake afappéyhydraxpsiipeae {PHEGSEPLe which had
phot oresi st solution containing 17.0 % by wei ght

been heated and dried (treated at 0.1 mm Hg, 75 °C for 2 or more

days and returned to 1 pressure by purging with dry nitrogen).

After 8 L of tetrahydrofuran (anhydride) was added thereto, the

contents were purged with nitrogen so as to prevent humiditi;,

and the mixture was dissolved with stirring at 25 °C with a

mechanical stirre;:. Then, 447.3 g of 2-chloroethyl vinyl ether

was added all at once to the polyhydroxystyrene solution , then

2.4 g of p-toluenesulfonic acid was dissolvéd in 30 g of

tetrahydrofuran (anhydride) at room temperature and

immediately added.to_ the above solution. The reaction was

conducted at 25 °C for 6 hours in a closed system. The reaction

wés stopped by adding an aqueous solution of TMAH (prepared by

. diluting 4.6 ml of 25 % agqueous TMAH solution (1 egquivalent to

p-toluene sulfonic acid) with 30 ml water) all at once to the

reaction solution. The resulting solution was added dropwise

for 1 hour to 240 L of 10 % aqueous methanol under vigorous

stirring to precipitate the polymer. The resulting polymer was
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of solids. Formation of Resist |Inmage The photoresi st solution
prepared above was used to form a resist inage in the sanme manner as in
Exanpl e 1, whereby a positive pattern having a |ine and space resol ution

of 0.20 [err]m or |less was obtained. [Exanple 3] Preparation of
pol y[ p- (1- et hoxyet hoxy) st yr ene-
p(tetrahydropyranyl)styrene-p-hydroxystyrene] A 300 mM round-bottom

flask heatedylLanaqdsyi e QV@DtRI30 0GR, ] Enedr LR bpygﬁxlgl &é?geﬁréﬁﬂd
returned to roon1tenperature was charged "With 16 g of " pol yhydr oxysStyrene

( PHS15E01) V\’Q g ;H:)lende 6t11er waﬁé'led]g f[1me %J'?Fh 30.L water, ré gi Qﬁfgd

heated and dri e reate err nor e days and
wes.added ?hér:?{%% Age e%m%’%m? Bedise betr SR AP Fo&A’ﬁg Shite 888%?5335?
hum 04 Sl e ShRp St@?#le?%ﬁ Gl ALY °
2 oo e e L i
was dissolved in 1.2 %5 roomtenperature and i nmedi ately added
to the aboveWwas| #pPeh. 1@Rﬁr@%ﬁﬂ§4ﬁ?qmgy EBhduReed - 24 /[ 8pF EheFePr®Bur s
in a closed system The reaction was stopped by adding 1.2 g of 0.1 nmol/g
TPSA sol uti 8f PROPeREACRIWagURRARENLOt B T +IRY i s IgatiEedchy) TGA) .
p £ £ Phot ist C Lt
3.1 g of the pdlymer obtained in the above process was
dissolved in 16.2 g PGMEA, and triphenylsulfonium
trifluoromethanesulfonic acid, triphenylsulfonium acetate,
and Megafuck were added thereto at the same ratio as in Example
1, to give a photoresist solution containing 17.0 $ by weight
of solids.
Formation of Resist Image
The photoresist solutiﬁn.prepared above was used to form
a resist image in the same manner as in Example 1, whereby a
positive pattern having a line and space resolution of 0.20 pm
or less was obtained.
[Example 3]
Preparation of poly[p-(l-ethoxyethoxy) styrene-
p(tetrahydropyranyl)styrene-p~hydroxystyrene]
A 300 ml round-bottom flask heated in a drying oven at

100 °C, dried in dry nitrogen and returned to room temperature

was charged with 16 g of polyhydroxystyrene (PHS15E01l) which
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all at once. Upon addition of the TPSA solution in this step, the reaction
sol ution becane opaque to gradually formneedle crystals, and about 1 hour
| ater, the needle crystals were dissolved. The resulting solution was one
cont ai ning about 20.63 % by weight of poly[p-(1-ethoxyethoxy)styrene-
p(tetrahydropyranyl)styrene-p-hydroxystyrene]. The nunber average

nol ecul ar wei ght of the resulting polyner, as determned by GPCin the

i.n Ex I : bout ,. 15, 00 i g. : o A
hot or esi st 3 P o HERERY B cREbS LT FEEERS B cdusr B BpkdPar
devel oped under the sane conditjons gs in1 Exan'gl e 1bv\/nereb. a poscihtia/e
pattern havi®y BO¥¢ nda¥nd@8PaEgturned to 1 pressure by pulging jgth dry

resolution of 0.20 [err]mor |ess sj 'g to th | n, the Exanpl e S
obt ai ned. ByHEOFRASur I3, tg\%ésg]&; %V%@‘f‘iﬁi gpﬁéet&' hglil‘)e \ﬁc’r\%e\,\%%er
and 3, 4-di hydro-2H-pyran reacted al nost quantitatively wth the
pol yhydr oxy SISF@RIESRH L EmALEE8R SQfas HP AURVMCRE MM Her, anf the
3, 4-di hydro-2Hpyran was deconposed by reacting with a trace amount of
wat er presemixture heas edtssohvegswinh stExnimdeat]25 FiGepuirtdt isomagnetigpf
pol y[ p- (1- et hoxyet hoxy) styrene-p- hydroxystyrene] cross-linked b
triethyl ene sticodrdi vithgh, d.&¢ andfusdherebtyhseshessiand nhi@r galof
A 300 M round-bottom flask heated in a drying oven at 100 [err]C, dried
in dry nitrogehadillydett2iedytranr ooereenpeddadireall at once to the
polyhydroxystyrene solution. Then, 0.0278 g of (+/-)
camphorsulfonic acid (anhydride) was dissolved in 1.2 g of PGMEA
at room temperature and immediately added to the above solution.
The reaction was conducted at 25 °C for 6 hours in a closed system.
The reaction was stopped by adding 1.2 g of 0.1 mmol/g TPSA
solution in PGMEA (1 equivalent to (+/-)camphorsulfonic acid)
all at once. Upon addition of the TPSA solution in this step,
the reaction solution became opaque to gradually form needle
. crystals, and about 1 hour later, the needle crystals were
dissolved. The resulting solution was one containing about
20.63 % by weight of poly[p-(l-ethoxyethoxy)styrene-
p(tetrahydropyranyl) styrene-p-hydroxystyrene]. The number
average molecular . weight of the resulting polymer, as
. determined by GPC in the same manner as in Example 1, was about
15,000 (see Fig. 4).
A photoresist solution was prepared by using the produét,

and exposed and developed under the same conditions as in

Example 1 whereby a positive pattern having a line and space
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was charged wth 16 g of pol yhydroxystyrene (VP2500, nunber average

nol ecul ar wei ght Mh = 3,000, manufactured by Ni ppon Soda Co., Ltd.) which
had been heated and dried (treated at 0.1 mm Hg, 75 [err]C for 2 or nore
days and returned to 1 pressure by purging wth dry nitrogen), and further
80 g of PGVEA was added thereto, and the contents were purged with
nitrogen so as to prevent humdity, and the m xture was di ssolved with

stirring at Zeddsiiitlion W I0.20peNel et Kifi1alNed, tha83if gﬁeetzﬁa?h\p;ﬂenyl
a

ether and 0.87 g of triethylene glycol divinyl ether were added al

once to the pokyByskExy$éa! ensy seruhbaBuréhent,0i 037/ds @offirmed that the
(+/-)canphorsul fonic acid (anhydride) was dissolved in 1.2 g of PGQVEA at

room t enper atyhg 1ang A digtel dedatgit boue
37 s?lutioﬁﬁpﬁhg %eag¥?gn§maseéoggﬁgteg i gﬁ’ﬁgqcﬁlgoﬁgurs

in a closed .2acti.o I f .

mol / g TPSA ?E’l%ﬁ?ﬁ@%%ﬁ%?’ﬁ%ﬁ%% @E‘t?ﬁtg’ésb %’E - g%a’gr%:p ot?éc&afto%i éaﬁEi d)
all at once. _po ddifi of . T SO i j N, thi tep, the reaction
sol ution becgge gggqué£§gm gréﬁ §||§ %?n1%§%d?%’%r%%@%$§$ %ﬁdp%ﬁﬁﬁt Y2 Rour
| ater, the dle crystals were dissqlved. The resulti ol ution S.one
containing  SEgurooSay hE Fedft fod A K Eragp afBiet o §ater praBensis
et hoxyet hoxy) st yr ene- p- hydr oxyst yr ene] which was cross- |inked by the
triethyl ene cOFAGETPRY PYSEMREY. The nunber average nol ecul ar wei ght of
the resultin ﬁggl mer was about 4,700 (measured by GPC, see Fig. 5). By

TGA neasure te #ds confirnmed that the ethyl vinyl ether and

triethyl ene %chol divinyl ether reacted al nost quantitatively with the
reparation of poly[p-(l-ethoxyethoxy) styrene-p-

hydroxystyrene] cross—linked by triethylene glycol divinyl
ether and use thereof as a resist material
A 300 ml round-bottom flask heated in a drying oven at
100 °C, dried in dry nitrégen and returned to room temperature
was charged with 16 g of polyhydroxystyrene '(VP2500, number
average molecular weight Mn = 3, 000, manufactured by Nippon Soda
_ Co., Ltd.) which had been heated and dried (treated at 0.1 mm
Hg, 75 °C for 2 or more days and retufned to 1 pressure by purging
with dry nitrogen), and further 80 g of PGMEA was added thereto,
and the contents were purged Qith nitrogén so as to prevent
humidity, and the mixture was dissolved with stirring at 25 °C
with a magnetic stirrer. Then, 4.33 g of ethyl' vinyl ether and
0.87 g of triethylene glycol divinyl ether were added all at
once to the polyhydroxystyrene solution. Then, 0.0278 g of
(+/-) camphorsulfonic acid (anhydride) was dissolved in 1.2 g

of PGMEA at room temperature and immediately added to the above
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pol yhydr oxystyrene except that a part of the ethyl vinyl ether and
triethylene glycol divinyl ether was deconposed by reacting wth a trace
amount of water present in the reaction system A phot or esi st

sol ution was prepared by using the product in the same nanner as in
Exanpl e 1, and exposed and devel oped under the sanme conditions as in
Exanpl e 1 -whereby a positive pattern having a |line and space resol ution of

0.20 [err]m 861hL€886n. Wash& bt defon Thes ecdrsdi@red ait 128 °pr ket 8rhohBs W ch
2 or nore vinyl ether conpounds as shown in Exanples 3 and 4 are reacted

wi th pol yhyds oxyssyd esesterdNd TR (edidtd drp Wy Stopieed byl hdwang foangd ¢hat
resist pattern characteristics such as contrast

38 0. Lo 10bg im&V§€1ut[iE¥13rfmePéhEAPr(qpaé?éiQQlQﬁt to (+/-)
pol y[ p- (1- met hoxy- 1- net hyl et hoxy) styrene-p- hydroxystyrene] and use

t her eof as acglﬁﬁﬁggs?g,r%ﬁ%é' acid) a1f Q;r{ée.mﬁ%@ggghh@ﬂ‘i%aéf figatpskAn a

drying oven at = 100 , dried in dry nitroge returned to room
omerature suBs LA APA NN ek 4 BRUUORIS YRR LIS I £
Cays and | SR8 S O LeAERSRULR: Y YRS ML Gty BRREI A0E e B0 0
L R A U
was added al [, Bl 0SS ' Wik POLEMIE XY S RNe SOURE Onoe TNE T
ethoxyethdxy)styrene—p—hydroxyStyrene] which was cross-
linked by the triethylene glycol divinyl ether. The number
average molecular weight of the resulting polymer was about
4,700 (measured by GPC, see Fig. 5). By TGA measurement, it
was confirmed that the ethyl vinyl ether and triethylene glycol
divinyl ether reacted almost quantitatively with the
polyhydroxystyrene except that a part of the ethyl vinyl ether.
_ and triethylene glycol divinyl ether was decomposed by reacting
with a trace amount of water preseﬁt in the reaction system.
A photoresist solution was p_repa;:ed by using the product
in the same manner as in Example 1, and exposed and developed
under the same conditions as in Example 1 whereby a positive
pattern having a line and space resolution of 0.20 um or less
was obtained. There is none of the prior art in which 2 or more
vinyl ether compounds as shown in Examples 3 and 4 are reacted
with polyhydroxystyrenes, and.according_to this method, it was

found that resist pattern characteristics such as contrast
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g of (+/-) canphorsulfonic acid (anhydride) was dissolved in 1.2 g of
PGVEA at roomtenperature and i medi ately added to the above solution. The
reaction was conducted at O [err]C for 2 hours in a closed system The
reacti on was stopped by adding 1.2 g of . 0.1 mml/g TPSA solution in PGVEA
(1 equivalent to (+/-) canphorsulfonic acid) all at once. Upon addition of
the TPSA solution in this step, the reaction solution becane opaque to

gradually fo égnd{lgeg ve@iﬁ'%gés and about 1 hour later, the needle

crystals weré disso € fesulting solution was one containing about
20. 46 % by % ﬁ ?Iy[p (1- met hoxy-1 -
nethylethox?f % - % hydroxystyrene] The nunber average
nolecular ght o& Lz [ tin ut 15, 000
(measur ed byPEFRITALIGH TER PRGLEIBRAhTISE oS Lo bRtV Tes iond S tbene -
pol yhydr oxystyrene and i sopropenyl neth | ether reacted al nost
quantit ati varYAEEEDHEYEPRE a?%%r?s%ft?ﬁéePgoBFoBeﬁ??lsﬁeﬂﬁ§ﬁré?ﬁer was
deconposed- by reacting with a trace anount of water present in the
reaction system A A&AAbmd mpunsthnttam gtk dirafied Ha regjriting oven at
characteristics, the polymer was extremely stable without renoval or
deconposi ti ohOQJf°C1', hérieddarecniweigrogesn andarpouyned,tasoconpamnpe raitilret he
one isolated and purified. A phot oresi st solution was prepared by
usi ng the prwasictharged hd tdarké maofepodyhiydrexystlyeene didSdbEodedwandh
devel oped wunder the same conditions as in Exanple 1 whereby a positive
pattern haviigd doddmehaditbd Rac® drised Ut ©saitdd G200 [Brin AP, 1298 £6as 2
obt ai ned.
or more days and returned to 1 pressure by purging with dry
nitrogen). After 80 g of PGMEA was added thereto, the contents
were purged with nitrogen so as to prevent humidity, and the
mixture was dissolved with stirring at 25 °C with a magnetic
stirrer. Then, 4.33 g of isopropenyl methyl ether was added
all at once to the polyhydroxystyrene solution. Then, 0.0278
g of (+/-)camphorsulfonic acid (anhydride) was dissolved in 1.2
. g of PGMEA at room temperature and immediately added to the above
solution. The reaction was conducted at 0 °C for 2 hours in
a closed system. The reaction was stopped by adding 1.2 g of
0.1 mmol/g TPSA solution in PGMEA (1 equivalent to (+/-)
camphorsulfonic acid) all at once. Upon addition of the TPSA
solution in this step, the reaction solution became opaque to
gradually form needle crystals, and about 1 hour later, the
needle crystals were dissolved. The resulting solution was one

. containing about 20.46 % by weight of poly[p-(l-methoxy-1-

methylethoxy) styrene-p-hydroxystyrene]. The number average
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[ Exanpl e 6] Preparation of poly{p-[1-(2-chloroethoxy)ethoxy]styrene-p-
hydr oxyst yrene-styrene} and use thereof as a resist materi al A 3
round- bottom flask heated in a drying oven at 100 [err]C, dried in dry
nitrogen and returned to roomtenperature was charged with 400 g of
pol y(styrene-p-hydroxystyrene) (copolynerization ratio of 1 : 9, nunber
average nol ecul ar weight 15, 000, manufactured by Hoechst Cel anese Co.)

whi ch had been heated and dried reat 0. : C,for or
mor e daysaft e i arbsshr oy ARGl ng i (S48 hPblk 15000d
40 2500 s ad thereto, the contents . _pu dwth
7 trogen so WEATEALRINER U BTy CAMFATIE et o hdGE GoteTed e
stirring at 25 [err]C with a magnetic, stirrer. About O.m nutes were
equi rod ortheni ISR S o Che SPEODBRY . RREBYboERPEE, FRSF Cether
was added all_at once to the poly(styrene-p-hydrox st¥rene)_solution, and
then 0.774 @lmosY Quantahforeedy FreeRei BhabnRyBRrrBePIwabedi §SBFORENYA 20
g of PQGVEA at roomtenperature and i medi ately added to the above
sol ution. Tethadeeitbervees cdperrResedtb R Fepaeiting waitheaHotaee amouatepPésed
system and the reaction was stopped by adding 33.3 g of 0.1 mmol/g TPSA
sol uti on i nw2@&¥EA pieeguivdirentheo fegctiorampistesul f oArcoadiny tiw t hbe
solution all at once. Upon addition of the TPSA solution in this step,
t he reacti orvalalaitiioon dEcahe omEsget tchgraduarigtiosm rided|molymyest alvas and
about 1 hour later, the needle crystals were dissolved. The

extremely stable without removal or decomposition of the

protective groups in a polymer, as compared with the one

isolated and purified.

A photoresist solution was prepared by using the product
in the same manner as in Example 1, and-exposed and developed
under the same conditions as in Example 1 whereby a positive

pattern having a line and space resolution of 0.20 pum or less
was obtained.
. [Example 6]
Preparation of poly{p-[1-(2-chloroethoxy)ethoxy]styrene-p-
 hydroxystyrene-styrene} and use thereof as a resist material
A 3 L round-bottom flask heated in a drying oven at 100
°C, dried in dry nitrogen and returned to room temperature was
charged with 400 g of poly(styrene-p-hydroxystyrene)
(copolymerization ra’.c.io of 1 : 9, number average molecular
weight 15,000, manufactured by Hoechst Celanese Co.) which had
. been heated and dried (treated at 0.1 mm Hg, 75 °C for 2 or more

déys and returned to 1 pressure by purging dry nitrogen). After
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resulting solution was one containing about 16.27 % by wei ght of

pol y{p-[ 1- (2-chl oroet hoxy) et hoxy] styrene-p- hydroxystyrene-styrene}. The
nunber average nol ecul ar weight of the resulting polymer was about 15, 000
(measured by GPC). By TGA neasurenent, it was confirned that the

pol y[ styrene- p-hydroxystyrene (1: 9)] and 2-chl oroethyl vinyl ether
reacted alnost quantitatively except that a part of the 2-chl oroethyl

vinyl ether %gé(r)gcg%m%é%dh%ﬂhege%& htﬁetéaﬁseﬁgF%érefpuf@é&rwith

present int ction system- A phot oresi st sol ution was” prepared
by using the s . in
. Same manner %§£?ﬁa§§aﬁﬁ1ea téhdpgi%%%%dhgﬂgiﬁgvglo%éé tﬁﬁ%eplFESrgaﬁ%ﬂg

conditions asg,in Exanpl.e,1 whereb sitiy attern.having a i and
cpace rasol (i sRobreR G s FRiBY 1628 qadEn BrkBat: ¥ Erfe TibAN
Preparation ol 1-(2-chl oraeth ).et hoxyl et hacryl at e-

et byl et hacso IR MRS el THRItHes thErBoRtiona. Taghstl Wheded a
A 3 L round-bottomflask heated in a drying oven at 1QQ e‘%err]c, dried in
dry nitrogerPind-FBLGrREGIYS ~MIswht &Fﬂ'é‘%/%t‘&?% fededc Rrlgedt webRe480 hst
pol y(met hyl met hacryl ate-nethacrylic acid) (nolecular weight, 9,000; acid
val ue, 111 KePLY§FEyromech-hrdgob¥ehyreaetdsahat #Pnedand taeed af /9.9 afn
Hg, 75 [err]C for 2 or nore days and returned to 1 pressure by purging
with dry nift+botedmpharselfondo arist (pohgAnige)addediipeebyed irh@0 g of

contents were purged with nitrogen so as to prevent humdity,
PGMEA at room temperature and immediately added to the above

solution. The reaction was conducted at 25 °C for 6 hours in
a closed system, and the reaction was stopped by adding 33.3
g of 0.1 mmol/g TPSA solution in PGMEA (1 equivalent to (+/-)
camphorsulfonic acid) to the solution all at once. Upon
addition of the TPSA solution in this step, the reéction
solution became opaque to gradually form needle crystals, and
about 1 hour later, the needle crystals were dissolved. The

- resulting solution was one containing about 16.27 % by weight
of poly{p-[1-(2-chloroethoxy)ethoxy]styrene-p-
ﬁydroxystyrene—sty:ene}. The number average molecular weight
of the resulting polymer was about 15,000 (measured by GPC).
By TGA measurement, it was confirmed that the poly[styrene-
p—hydroxysfyrene (1 : 9)] and 2-chloroethyl vinyl ether reacted
almost quantitatively except that a part of the 2-chloroethyl
vinyl ether was decomposed by reacting with a trace amount of
water present in the reaction system.

A photoresist solution was prepared by using the product
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and the m xture was dissolved with stirring at 25 [err]C About 30

m nutes were required for this dissolution. Then, 42.19 g of 2-chl oroethyl
vinyl ether was added all at once to the poly(nethyl

met hacryl ate-net hacrylic acid) solution, and 0.774 g of
(+/-)canphorsul fonic acid (anhydride) was -dissolved in 20 g of PGVEA at
roomtenperature and i medi ately added to the above solution. The reaction

was conduct e 5 r b jhowr s iR 21Cl 98808 s
reaction vvasgg?%%%e#r% Ilé%‘cflg(%g a 3§'. 3 g g? 8 i'm’m?/% éé%% s%ﬁgg?%ngll%p%?}v&
(1 equi val en s . 4 C s
(+/-)canphor%ﬂ%%gnF%eagﬁg? E?Pdéglgﬁgea?ol?H%x?%%%?i%nwg% EPYO%.pOTk&%We
addition of the TPSA solution . jn this step, the_reactio sql uti on becane
opaque to grBALEFFY PBVAPHRd T e§R§FP ﬁ&soﬁﬁﬁﬁfmiC&b@r%paP@r?rt¥ﬁ§S
needl e crystals were dissolved. The resulting solution was one contai ning
about 16.27 Y8ByOoRERRED: of
poly{[l-(2-chloroethoxg)ethoxy]nethacrylate-nethyl
net hacryl at el F8@RBeRy il c acidl. The nunber average nolecul ar weight of the
resul ting pol yner was about 16,000 (neasured b GPC) . By TGA neasurenent,
it was confiPheBarphionhefnpeRaddyri(é-chdrgoek )giharet] refchagrylate-
2-chloroethyl vinyl ether reacted alnost quantitatively except that a part
of the 2-chimebeyhpethacnylasehmethasrddonpssiatl bgndearsts ngheredf aasr ate
amount of water present in the reaction system A phot or esi st
sol uti on wasresephrmdtbyiadi ng the product in the sane manner as in
Exanpl e 1, and exposed and devel oped under the sane conditions as in
Exanpl e 1 whereby & pdsiddursl-bottom flask heated in a drying oven at 100
°C, dried in dry nitrogen and returned to room temperature was
charged with 400 g of poly(methyl methacrylate-methacrylic
acid) (molecular weight, 9,000; acid value, 111 KOH mg/g) which

had been heated and dried (treated at 0.1 mm Hg, 75 °C for 2
or more days and returned to 1 pressure by purging with dry
nitrogen). After 2500 g of PGMEA was added thereto, the
. contents were purged with nitrogen so as to prevent humidity,
and the mixture was dissolved with stirring at 25 °C. BAbout
30 minutes were required for this dissoclution. Then, 42.19 g
of 2-chloroethyl vinyl ether was added all at once to the
poly (methyl methacrylate-methacrylic acid) solution, and
0.774 g of (+/-)camphorsulfonic acid (anhydride) was dissolved
in 20 g of PGMEA at room temperature and immediately added to
the above solution. The reaction was conducted at 25 °C for
6 hours in a closed system, and the reaction was stopped by adding

33.3 g of 0.1 mmol/g TPSA solution in PGMEA (1 equivalent to
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pattern having a line and space resolution of 0.20 [err]mor |less was

obt ai ned. [Exanple 8] Preparation of
pol y[ p- (tert-but oxycarbonyl oxy) styrene-p- hydroxystyrene] and use thereof
as a resist materi al A 100 m round-bottom flask was charged with 8

g of pol yhydroxystyrene (VP8000, nunber average nol ecul ar weightivh =
8, 000, manufactured by Ni ppon Soda Co., Ltd.) in the sanme nmanner as in

Exampl e 1. T P%ﬁ‘i -@Sd L dhiSto ey 1ut]
43 ' A“/fe'l )a(g%lg?(}%s%on en?%%v%e egg:hrge v§tﬁ I’I}I)? nggnlgg EX lf%mn'
prevent humdity in . the s ma i.n. Exampl t m xt ur.e _was
di ssol ved V\ﬁrq%oréta}#(ﬁ%lgorétoag%hfe?r@?é g%‘rll{églgé gﬁ tgh%? %?gp’ []Cg’ret -I)béu%y Lon
di car bonat e addedq to this sol utti on. ghegl 2 5(r) o‘? o% triethylamne (1
equi val ent tSPHHEL R REFIIROPANSS FRJGEAAUESIY hf QTR TR bn CoiFahy Al ure
was reacted at 23 Jerr]C for 10 hours. The resullti ng soléj,tioriwacf on
cont ai ni ng ARRKE _qu@@l%ﬁprMWQQﬁ“neeqke crystals were dissolved. The
pol y[ p- (tert-but oxycarbonyl oxy) styrene-p- hydroxystyrene]. A
phot or esi st ER3uktErg @l Hripamed BReuSPREaLiRener 8BARE 16 n21 He yvameighiner
as in Exanple 1, and exgosed and devel oped under the sane conditions as in
Exanpl e 1 waf eby an et [en{2-phl eseathasydpthPrEdmethagaydafermekhbm)l of
the resultant photoresist was 39.5 ml/cn2 and the resolution was 0.25
[err]m [ Bwethacoylateapathaconlic agfid}. The number average molecular
pol y[ p- (1- et hoxyet hoxy) styrene-p-(tert-
but oxycar borwa ioztyt) sify thee rpshytiogystyymee|wanhhset tliterdEdf (measured by
GPC). By TGAmeasurement, it was confirmed that.the methacrylic
acid in the polymer and the 2-chloroethyl vinyl ether reacted
almost quantitatively except that a part of the 2-chloroethyl
vinyl ether was decomposed by reacting with a trace amount of
water present in the reaction system.
A photoresist solution was prepared by using the product
in the same manner as in Example 1, and exposed and developed
_under the same conditions as in Example 1 whereby a positive
pattern having a line and space resolution of 0.20 pum or less
was obtained.
[Example 8]
Preparation of ©poly[p-(tert-butoxycarbonyloxy)styrene-p-
hydroxystyrene] and use thereof as a resist material
A 100 ml round-bottom flask was Charged with 8 g of
polyhydroxystyrene (VP8000, number average molecular weight Mn
. = 8,000, manufactured by Nippon Soda Co., Ltd.) in the same

manner as in Example 1. After 40 g of PGMEA was added to this

43



as a resist materi al A 100 m round-bottom flask was charged with 8
g of pol yhydroxystyrene (VP8000) in the sanme manner as in Exanple 1.
After 40 g of PGVEA was added to this flask, the contehts were purged with
nitrogen so as to prevent humdity in the sane nmanner as in Exanple 1, and
the m xture was dissolved with stirring at 25 [err]C. Then, 1.56 g of
ethyl vinyl ether was added to this solution. Then, 0.6 g of 0.1 mml/g

canphor sul f opi . ' '

S0l Ut on | n PRER EIS SRIEPYS ereBBraedorieh dheroge ar o Eblhas Tl
reacted at 2 ert]C for hours. The reaction. was, stopped, by addi 0.6 g
of 0. 1 ol / BURERAEY L BchRR. SR opARSeE °8F 4 RLE LT v et n Ry ¢
of di-tert-butyl dicarbonate wereaddedtoit and reacted at ZS%err]C for 10

hours. The rW¥a§l 8i8§oL¥euMidh vRlsl BN oht af Ai g abbde™ 2051 $8odbypfned ight
of poly[p-(1l-et hoxget hoxy) st yrene- p- (tert-butoxycarbonyl oxy)

st yr ene- p- hyBeBkyRuyyéEicarbonate yasmaadedstitids §PLUR1REs pFBpRr & 1/
using the product in the same manner as in Exanple 1, and exposed and
devel oped ugideh trhetharmmiaindi(li edyivalent Bakpeedicanbpapfeanves cddesht
pattern was obt ai ned. The sensitivity of the resulting photoresist was
38.0 ml/ cnf eto]thansl sdbutien} vdndrthwmniktierd eras| meadtedamyl €310 for 10
Preparation of pol y[ p- (1- et hoxyet hoxy) styrene-p-(tert-
but oxycar bonlybary) stThe mesp-Linjidrosgduyienajascons ssdn trakiadi iy abionite2 byl @rie
gl ycol divinyl ether and use thereof as a resist
by weight of poly[p-(tert-butoxycarbonyloxy)styrene-p-
hydroxystyrene].
A photoresist solution was prepared by using the product
in the same manner as in Example 1, and exposed and developed
under the same conditions as in Example 1 whereby an excellent

pattern was obtained. The sensitivity of the resultant
photoresist was 39.5 mJ/cm’? and the resolution was 0.25 pm.
[Example 9]

. Preparation of poly[p—(1—eth9xyethoxy)styrene-p—(tert-'
butoxycarbonyloxy) styrene-p-hydroxystyrene] and use thereof
as a resist material

A 100 ml round-bottom flask was charged with 8 g of
polyhydroxystyrene (VP8000) in the same manner as in Example

- 1. After 40 g of PGMEA was added to this fiask, the contehts
were purged with nitrogen so as to prevent humidity in the same
manner as in Example 1, and the mixture was dissolved with
stirring at 25 °C. Then, 1.56 g of ethyl vinyl ether was added

to this solution. Then, 0.6 g of 0.1 mmol/g camphorsulfonic
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mat eri al A 100 m round-bottom flask was charged with 8 g of

pol yhydr oxystyrene (VP8000) in the sane manner as in Exanple- 1. After 40 ¢
of PGVEA was added to this flask, the contents were purged with nitrogen
so as to prevent humdity in the sane manner as in Exanple 1, and the

m xture was dissolved with stirring at 25 [err]C. Then, 1.93 g of ethyl
vinyl ether and 0.16 g of triethylene glycol divinyl ether were added to

this ; ; : | yi.Lo e of
0.1 ol /g cansfol ST oRr B5EPT 1REGER vasatie e b e i 1B et
solution, and_the mxture was reacted a oherr or 6 hoyrs. Then, 1.2
oot 001 mofry AR T BRCLRA At TR b Ry hGhes o “Bhe rdahion
di-tert-buty dj te added to i$ Soluti The nj re )
reacted at gﬁs[%ﬁ%ﬁg‘?%ﬂ %@&g‘ gT‘*fﬁeOftr QSEIW%JS}%%}} ) %@Egne then,
cont ai ni ng but 19 97. % wel, ght _of .poly[ p-(1: et hoxyet hoxy)styrene-

- (tor - but oy S 0B, FEASY OV FEAES 218 F v B dheFoTE FBUEYL 4 GARRPAL S he
triethylene glycol divinyl ether. A Qhotore5|st sol uti on was
prepared by W8regddrd ppoduend Fepetrd a&m3 nadeer 1 @dour sexafbeerdsulinichg
exposed and devel oped under the sane conditions as in Exanple 1 whereby an

excel | ent pAPLBEACRa Dt fNFedContFhaingnghqus t 0o lt e byesweighy of
phot oresi st was 38.0 nﬂ/cn{errL@and the resolution was 0.18 [err]m

[ Exanpl e 11]Poly[p- (Fhetbakwephoxydstyrepep-Eiaxpr-dutoxwaa nbepadicety Jexcept
t hat pol yhydroxystyrene (VP2500) was used in stead of the

pol yhydr oxyss{yeeee(NPBPAOPxynt yrkaelt-he tri et hyl ene gl ycol

A photoresist solution was prepared by using the product
in the same manner as in Example 1, and exposed and developed
under the same conditions as in Example 1 whereby an excellent
pattern was obtained. The sensitivity of the resulting
photoresist was 38.0 mJ/cm® and the resolution was 0.19 pm.
[Example 10] |
Preparation of poly{p- (1—ethoxyethoxy) styrene-p-(tert-

. butoxycarbonyloxy)styrene-p—hydrogystyrene] cross-linked by
) triethylene glycol divinyl ether and use thereof as a resist
material |

A 100 ml round-bottom flask was charged with 8 g of
bélyhydroxystyrene (VP8000) in the same manner as in Example
1. After 40 g of PGMEA was added to this flask, the contents
were purged with nitrogen so as to prevent humidity in the same
manner as in Example 1, and the mixtﬁre was dissolved with

stirring at 25 °C. Then, 1.93 g of ethyl vinyl ether and 0.16

g of triethylene glycol divinyl ether were added to this
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di vinyl ether was used in an anmobunt of 0.52 g. The sensitivity of
the resulting photoresist was 36.0 ml/cnferr] and the resolution was 0.18
[err]m [ Exanple 12] The sane procedure as in Exanple 10 was
repeated except that 0.082 g of trishydroxyphenyl et hane was used al ong
with the ethyl vinyl ether and triethylene glycol divinyl ether.

46 The sensitivity of the resulting photoresist was 36.0

mi/cnferr] agd)hPeohesobilh O MRS &k 681[khd1 /Y carprihA fh¥ic acid (cSAW®
Exanple 11 g of

sanme procedure as In was repeated except that 0.26

trishydr oxypyﬁ%%@%%},}esn\ﬁé%ﬁg% %'h%ngbwiv%ﬂsyiﬁtiswyén&i g%(é trﬁfﬂaﬁr@%s

triethylene g e sensitivity e resulting
(Beanpl e 14 Feprtndratian ¢ 2od §f Hode¥. (56 2 & s orh i g RRRR o
hydr oxyst yr epe- st ne-tert- byt yl t hacryl at.e] use _thereof a

resist matert3l FolleA Wﬁsloﬁg‘ﬁ?gr 5%&93:& t 8 Ioa‘zséyvﬁs %ﬁa%&%q‘%‘%% of
a poly (hydroxystyrene-styrene-tert-butyl nethacrylate (71. 19 10

copol ymer ( P8t #Eixn%tﬁm?dg(@@rté’g’%hhﬁlsé’éﬂwr\nei éh? “b"fx(tl%l?z? ‘nleé,reawted

manuf act ured by Hoechst Cel anese Co.) in the sane manner as in Exanple 1.
After 40 g ottRAVIEAfans Gbgugsto Tie Febudding $ALUELHAR MASSONR CONFRIFEMIN t h

nitrogen so as to prevent humdity :
about 19.97 % by weight of poly[p-(l-ethoxyethoxy)styrene-

p- (tert-butoxycarbonyloxy) styrene-p-hydroxystyrene] cross-
linked by the triethylene glycol divinyl ether.

A photoresist solution was prepared by using the product
in the same manner as in Example 1, and exposed and developed
under the same conditions as in Exaﬁple 1 whereby an excellent
pattern was obtained. The sensitivity of the resulting
photoresist was 38.0 mJ/cm’ and the resolution was 0.18 pm.
[Example 11]

The same procedure as in Example 10 was repeated except
that polyhydroxystyrene (VP2500) was used in stead of the
‘'polyhydroxystyrene (VPBOOO) and that the triethylene glycol
divinyl ether was used in an amount of 0.52 g.

The sensitivity of the resulting photoresist was 36.0
mJ/cm’ and the resolution was 0.18 pm.

[Example 12]

‘The same procedure as in Example 10 was repeated except

that 0.082 g of trishydroxyphenylethane was used along with the

ethyl vinyl ether and triethylene glycol divinyl ether.
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in the sane manner as in Exanple 1, and the m xture was dissolved wth
stirring at 25 [err]C. Then, 0.81 g of ethyl vinyl ether and 0.6 g of 0.1
nmol / g canphorsul fonic acid (CSA) in PGVEA were added in this order to the
above solution, and the m xture was reacted at 25[err]C for 6hours. The
reacti on was stopped byadding 0.6 g of 0.1 mmol/g TPSA in PGVEA. The
resulting solution was one containing about 17.62 % by wei ght of

pol y[ p- (I - The sensitivity of the xésulting photoresist was 36.0
et hoxyet hoxy) st yr ene- p- hydr oxystyrene-styrene-tert-butyl nethacrylate].

A photore5|smqgahﬁta@@ vBe pespanesiolywhsi 09 18hampr oduct in the same
manner as in Exanple 1, and exposed and devel oped under the sane

condi tions agexampianpl3g 1 whereby an excellent pattern was obtained. The
t hi ckness loss of the resulting resist filmin devel oper was 3.3 nnimn.

its sensitivity \A/a@he?:gaﬁer@;rfsaéaﬁfé 290 S ytl Qas%pgaégd[&éé
[ Exanpl es 15 to he sanme procedure as in Exanple mas r epeat ed

except that spe I
2- chIoroethyfhefnglgégﬁgfot%%gﬁ%ego%gghghg%%tébg %%%Pﬁiexéﬁ%n FhéE%

(Exanpl e 16) e@ﬂgllyvﬁz gft:h%trh}éln@"q: V'éj;l col€t Q}va*)ﬁx%wese 17) were

used, whereby p conS|st|ng 0 tecte e 3 vinyl

et her conmpounds me& égggggg Xdogé eghgyg&ﬁilﬁﬁéiﬂi |ons wfﬂﬁ§£ﬁﬁ£ﬁ5ed

by using the produc EXPOSE ope i
Exanmple 1 mhe 9 (%Aéﬁ%e g&&g{gﬁ xgge 9?gah£?d. The characterlstlcs of

each
[Example 1 4]

Preparation of poly[p-(l-ethoxyethoxy)styrene-p-
hydroxystyrehe—styrene—tert—butyl methacrylate] and use.
thereof as a resist material

A 100 ml round-bottom flask was charged with 8 g of a
poly(hydroxystyrene—styrene—tert—butyl methacrylate (71: 19 :
10)) copolymer (Poly Tz, ‘a number average molecular Qeight of
12,100, man.ufactured by Hoechst Celanese Co.) in the same manner
as in Example 1. After 40 g of PGMEA was added to this flask,
the contents weré purged with nitrogen so as to prevent humidity
in the same manner as in Example 1, and the mixture was dissolved
with stirring at 25 °C. Then, 0.81 g of ethyl vinyl ether and
0.6 g of 0.1 mmol/g éamphorsulfonic acid (CSA) in PGMEA were
added in this o‘rder to the above solutioh, and the mixture was
reacted at 25 °C for 6 hours. The reaction was stopped by adding
0.6 g of 0.1 mmol/g TPSA in PGMEA. The resulting solution was

one containing about 17.62 % by weight of poly[p-(1-

47



of these resist conpositions in Exanples 15 to 17, along with their
starting materials, are shown in Table 1.

48 Table 1

Exampl e 15 Exanple 16 Exanple 17 Pol yTz 89
8g 8g PGVEA 409 _ 409
2-chl oroet hyl vinyl ether 1.2g Cycl ohexyl vinyl ether

1. 43g et hyl eeshgixyedhodivistpirestengr-hydroxystyrene-styrene-ter-lodgyl

CSA( 0. 1nmol / g) 0. 69. 0. 69 0.6g TPSA (0.
1mmol / g) methacrylate]Q. 69 0. 69 0. 6g Thi ckness | oss of
resist filmin 11.58 13.71 22. 06 devel oper (nm m n)
Sensitivity(ml/cniarphdtoresist sofkibn was p#éplred by L@.r% the product
Resol ution([err]m 0.18 0.19 0.1 é%FECT OF

THE | NVENTI Olin the sarléendohdFRis MH €idadlp1®y 1t N8tz 8dpBYebnendeid\ch {984
preparing a resist material of the present invention is used, as a

phot osensi t1 YadaR! €hé Aarldlcdrfit3lon0BROSh #0011 441! Pllkeby an excellent
i sol ati onfront hereacti onsol uti onandpuri fying. erefore, rasi st

conposi ti ons,gaRebg Wa%p??:rb%dai e&.OWhéaﬁﬁf%%ﬁ]églgﬁigﬁEegg ! aeB%/%]ﬁ' ing

conplicated process and in a shorter tine thal e existin

ol ymers amobe apsdusihoi St M muserh Bt e CE bt o S EnE i o

'nthe step gh 51 R3)8kt Ah@ L PULISFRISN Sa0 8158 pg, used as the resist
{Examples 15 to 17]

The same procedure as in Example 14 was repeated except
that in stead of 0.81 g of the ethyl vinyl ethér, 12 g of
2—chl_oroethyl-vinyl ether (Example 15), 1.43 g of cyclohex?l
vinyl ether (Example 16) and 0.67 g of ethylene glycol divinyl
ether (Example 17) were used, whereby polymers consisting of
Poly Tz protected with theée 3 vinyl ether compounds were

_ produced.

Photoresist solutions were prépared by using the product,
exposed and developed in the same manner as in Example 1 whereby
excellent patterns were obtained. The characteristics of each

of these resist compositions in Examples 15 to 17, along with

~their starting materials, are shown in Table 1.
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mat eri al s;
the prior ar

organi ¢ sol vent waste and water waste

-envi ronnent
Accordi ngly,

for superfine pattern formation in sem conductor

produced eff

and a | arge anount of solvent and water which is

required in
I sol ating and purifying polynmers 1is not required, so
causing the destruction -of the

49

t for

I S not gener at ed.
the present invention allows resist conpositions essential
I ndustry etc. to be

iciently and inexpensivel yTamithaqut polluting the environnent,

t hus naki ng si gni ficant contribution. to indust Ly LNDUSTRL AL
APPLI CABI LI TY As described above. |Exempiedidst | Exampdeilbi onExanble e
i nvention afPolyad for superfine pattern|formgion ifn s8&gi conduct @g
i ndustry et ,Pgmd accordrng to the method T0r4ogprepdr| ng4crge5| S 40g
COITpOSitiOﬂ tAe—+1h cllLi ||, these—resitst 1\., AP oSt t++ons—ean—pe pTGdUCC
efficientl y rﬁhlpﬁmlq‘f'\m vethﬁ’nrf hout pollutifey the envirannmept
Cyclohexyl vinyl ether 1. 43¢
ethylene glycol lelnyl ether 0. 64¢
CSA (0. Tmmo!/g) 0. 6g 0. 6g 0. 6g
TPSA (0. 1Tmmo!/g) 0. 6g 0. 6g 0. 6g
Thickness loss of resist film in 11.58 13. 71 22.06
developer (nm/min)
Sensitivity(mJ/cm?) 48.0 42.0 50. 0
Resolution (um) 0.18 0.19 0.18

EFFECT OF THE INVENTION

The polymer material synthesized by the method for

preparing a resist material of the present invention is used,

as a photosensitive material for resist compositions, without
isolation from the reaction solution and purifying. Therefore,

resist compositions can be. prepared at lower costs without

" requiring any complicated process and in a shorter time than

in the existing production process. Furthermore, there is no
variation in protection degrees of polymers among producfion
lots; furthermore, polymers which are unstable in the step of
isolation and purification can also be used as the resist
materials; and a large amount of solvent and water thch is
required in the prior art for isolating and.purifying polymers
is not required, so organic solvent waste and water waste

causing the destruction of the environment is not generated.
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50 CLAI M5 - 1. A nmethod for
preparing a resist conposition without isolating and purifying a resist
material formed by reaction, which conprises reacting an al kali-soluble

pol yner having a phenolic hydroxyl or carboxylic group with a vinyl ether

conpound and/or dial kyl dicarbonate in the presence of a catalyst in an

aprotic solvent as a resist coating solvent in which these materials can

be di ssol VedAcE@kHQﬂ@SﬂybYtl@él(iiﬂﬂséht Rhekoadich genewat pesi ot tdngAGti i
sol uti on. . A nethod for preparing a resist conposition according

claimi, \Aheésgen&hslcqes&o i R MS26E &Fn WebBmbBe ondl iRl dersi il Bt o

pol ymer having a phenolic hydroxyl or carboxylic group is a V|nyI et her

conpound, anﬁg%ﬂ@%? ape . eass e 'r%kécﬁ'@cecﬁ’r&??EE?eﬁftl _”a%l! el atryﬁaeaes]tyé

foll owed by a |ng base conpou to stop the reaction

to

h d .
phot oaci d_gepeEALaL hallﬁ@qgg1%%&fgh&eﬁaghgggiggghEO&a@gw;Eﬁﬁqgﬁ%RﬁﬁﬁEﬂﬁ

A net hod for prepari st .conposi I'ng
t he conpound_to be acte al kal i -sol ubl e pol ymer having a
phenol 1 ¢ nycF ORGP BrEERPEbaythaus by

INDUSTRIAL APPLICABILITY

As described above, the resist compositions of the
invention are used for superfine pattern formation in
semiconductor industry etc. and accérding to the method for
preparing resiét compoéitions of the invention, these resist
compositions can be produced efficiently and inexpensively

without polluting the environment.
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group is a dialkyl dicarbonate, and these are reacted in the presence of a
base catal yst, followed by adding at | east a photoacid generator to the
reaction solution thus forned. 4. A nethod for preparing a resist
conposition according 'to claiml, wherein the the alkali-soluble poly

Eg\r/i)ggy?‘ group is reacted with a vinyl Sét her corrpounglmm mtlmfmtﬂiml

an acid catalyst, followed by addi ng a. thereto to sf op -t He reactlon
then a dial kyl dicarbonate is added to e'solution to react in the
presence of a base catalyst, and at | east a photoacid generator is added
to the reaction solution thus forned. 5. A nethod for preparing a

resi st conpositlgn %fcorw toclaim3 or 4, vvhegeln t he .di.al kyl

di carbonate is d VO REFRRILRG @ Fesigl EOWEPF&§19&’W%§ﬂ2%ﬁng
a resist con£05|t|on acqgrdlng to claim1, wherein_the alkali-soluble

pol ymer havi H3°32bhBARRIE PR G aoFeéélsﬁo‘%?FFEl@?'of@rrﬂ%ddDX/lrI%ﬂCtﬁ(ﬂIyrrer
having at least ~a recurring unit represented by general fornula (1); [err]
(1) Vit R nCRBFLpePeFRASERRT ANhpdkaddnSalumler Pad valery hagiiaep a

Rlerr] represents an alkyl group, and mis O or an integer of 1 to 4.
phenolic hydroxyl or carboxylic group with a vinyl ether

. compound and/or dialkyl dicarbonate in the presence of a
catalyst in an aprotic solvent as a resist coating solvent in
which these materials can be dissolved, followed by adding a
photoacid generator to the reaction solution.

2. A method for prepariné a resist composition according
fo claim 1, wherein the compound to be reacted with the
alkali-soluble polymer having a phenolic hydroxyl or carboxylic
group is a vinyl ether compound, and these are reacted in the
presence of an acid ;atalyst, followed by adding a base compound

. to stop the reaction, then at leas_t a photoacid generator is
added to the reaétion solution thus formed.

3. A method for preparing a resist composition Iaccording
to claim 1, wherein the compound to be reacted with the
alkali-soluble polymer having a phenolic hydrbxyl or carboxylic

- group is a dialkyl dicarbonate, and these are reacted in the
presence of a base catalyst, followed by adding at least a
photoacid generator to the reaction solution thus formed.

4. A method for preparing a resist composition according

to claim 1, wherein the the alkali-soluble polymer having a
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7. A nethod for preparing a resist conﬁBETFTBH‘ECCﬁfd+ng~ 1o claimbé,
wherei n. the vinyl polynmer having at | easU ﬂ,ﬂm represent ed by
general formula (1) is at |east one nenb m”;m”m

pol y(hydr oxystyrene), pol y( hydr oxy- a- 52

met hyl styrene), and pol y(hydr oxymnet hyl styrene). 8. A et hod for
preparing a resist conposition according to claiml, wherein the '

al kal i - sol ubbgepol yBERYB28KRY B8rpbarbbikel Bydupxils Wearardiwitic Hraimpyls a
vinyl polyner having at least a recurring unit represented by general

formula (11 )ethéﬁrécbmpound i MhEREI P B @O &5 &N Sa i N YEH OB 1) OB 10lowdY
al kyl . group. . nmet hod for preparing a resist conposition according

to claims, g@ fﬁﬂéa’lth%‘}le)%e'i:ohﬁ’ébﬁgtﬁé f@é‘é%lénre’éHéﬁ'é‘gilé&rkﬁ
repr esent ed gener rmul a i's a honpb- or co- pol yrrer of acrylic

acid or met hc?fééﬁ:léSnQEé is ﬁ\dde&'Q:o EEEBQQt% h EE 351:991 esence

COI'T'pOSI tion accor er elnt I -solu | yrrer

having & phegeld pasiyds gxxgser SR RRKLLS. U QR s A Plenal ot rea%' 3 0 adgeq 11

A met hod for® SIr&t” conposition accor erein
res E?eé‘g'rmé%?'t?%%Saé‘esﬁapagsohﬁ&?ai Hres GREvEs He;“ﬁﬁnLii SLSPZ;;”Q ]
mol ecul ar wei ght SOfAtmhgthod for preparing a resist composition according
to claim 3 or 4, wherein the dialkyl dicarbonate is di-
tert-butyl dicarbonate.

6. A method for preparing a resist composition according
toclaiml, wherein the alkali-soluble polymer havihg a phenolic
hydroxyl or carboxylic group is a vinyl polymer having at least
a recurring unit represented by general formula (I):;

;Rl
/ \
(~CH—C—)

(I

(Rs OH

wherein R, represents a hydrogen atom or an alkyl group, R,
represents an alkyl group, and m is 0 or an integer of 1 to 4.

7. A method for preparing a resist composition according
to claim 6, wherein the vinyl polymer having at least a recurring

unit represented by general formula (I) is at least one member

selected from poly (hydroxystyrene), poly (hydroxy-a~
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al kal i -sol ubl e poIynér_hav%ng‘a—pheﬁekke hydroxyl or carboxylic group is

1, 000- 30, 000. preparlng a resist conp05|t|on
according to clai m 1 mm im'"im et her conpound is one represented
53 by forml&a C(Rerr])
(Rlerr])=C(Rerr])-ORerr] (III) " wherein Rlerr], Rerr] and R err]
represent independently a hydrogen atom or a strait-chain, branched,
cyclic or hemhethytgtlyirenal)kyland godyyhyarioxiyment vl sty reredr bon at ons, and
Rlerr] represents a straight-chain, branched, cyclic or hetero-cyclic

al kyl or ar al kgl. AgfettpoeoIFodi piregak ing hor@%rll&n nPBs Wi G JB6 REing
substituted with a hal ogen atom an al koxy group, aralkyl oxycar bonyl
group and/ ort8ldWint ] heete BIEAE LAKAE solublelﬁol?mg?tMI{ éﬁﬁ{ idg a
resi st conposition according to claim113, wherein the V|nyI er conpound

i's isopr Openﬂi/draﬁw.‘%r %tali%"oxyllc grérép # gﬁr]ﬂ‘i’gl &‘951 eﬁtgg glséasét

conposi tion according to clai'm 1, “wherein oun

cyclic vinyly Pég\gf:rgﬂapﬁﬂgg rﬁpfgse&gedAngFERQrg(ir £Rb fﬁ‘a& r‘tg{ T esi st

conposi tion according “to clai erel clic V|ny ér conmpound
is 3,4-di hydro-2H pyran. 17. A nmethod for preparing a re5|st
conposition according to claim1l, wheregn the vinyl ether conpound is a
di vi nyl ether conpound. [ cH é \
Ul ) (.
R3 ?5 '
COOH

wherein R; represents a hydrogen atom or an alkyl group.
9. A method for preparing a resist composition according
- toclaim 8., wherein the vinyl polymer having at least é recurring
unit represented by general formula (II) is a homo- or co-
polymer of acrylic acid or methacrylic acid.
10. A method for preparing a resist compo_sition according
toclaim1, wherein the alkali-soluble polymer having a phenolic
" hydroxyl or carboxylic group is a-phenol resin.
11. A method for preparing a resist composition according
to claim 10, wherein the phenol resin is a novolak resin.
12. A method for preparing a resist compositién according
to claim 1, whérein a number average molecular weight of the
' _alkali—soluble polymer having a phenolic hydroxyl or carboxylic
group is 1,000-30,000.
13. A method for preparing a resist composition according

to claim 1, wherein the vinyl ether compound is one represented
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18. A nmethod for preparing a resist conposition according to claim17,
wher ei n the divinyl ether conpound is butanediol-1, 4-divinyl ether,

.ethylene g i N er or triethylene glycol divinyl ether.
54 ”m““"m“llgﬂnuﬂmt hod for preparing a resist conposition
according to «la mml, swherein the vinyl ether conpound is a conbination
of 2 or nore of vinyl ether conpounds. 20. A nethod for preparing a

resi st conpggitf Rfgorgip ; to claim1l1, wherein the vinyl ether conpound
or dial kyl car Eonateq?s 8sed at aratioof 0.1 to 0.7 nol equivalent to

t he phenolic hydroxyl or car I C ~OR0UP~L R the al i -soluble polyner
havi ng a phenolic hydroxyl eé?%??%o@??g %rlghp. i 1. A nmethod for

preparing a resist.c osi t] accaordin t.Q ¢laim?2.ar 4, erein the acid
catalyst is t eexzealrrrrls fngs i %géi%e%%e% E alrrbc%ﬁqr:ﬁaeéﬁqﬂ’ Geﬁ\ggif’@&nf A&RM
phot oaci d gener at g used.in chemcally anplified resist, and the anmpunt of
t he acid ca?%l?]s?lé?:gl . EhF&nio%rFﬁ&Chﬁéui ke t%rtﬁﬁgﬁfl‘afﬁyfril%r adgydoxyl
group of the_al kali-solubl.e pqgl yner havi a phenolic hydroxyl or
carboxylic df congaﬂ;_lnﬂ ﬁetqﬂ)dsf SPrggé‘pzi’rqqli‘bs'a 3l Rt Eoppesertana
according to claim?2l, wherein the non-aromatic acid is at_|east one
menber sel eCtTREIRETITRRHRr aPTaRrRedor YR Cs 9T e RRIGYGHE alkyl or
hal ocar boxyl i ¢ aci d. 23. A method for preparing a resist conposition
accordi ng t&-a&tky i 2pouphepetainhagninépall GaGarbasy glinms swivioni magchbed

and/ or hal ocarboxylic acid is at |east one nmenber selected from
substituted with a halogen atom, an alkoxy group, aralkyl

oxycarbonyl group and/or alkyl carbonyl amino group.

14. A method for preparing a resist composition according
to claim 13, wherein the vinyl ether combound is isopropenyl
methyl ether. | |

15. A method for preparing a resist compbsition according
to claim 1, wherein the vinyl ether compound is a cyclic vinyl
ether compound.: | | |

16. A method for prepa:ing a resist composition according

to claim 15, wherein the cyclic vinyl ether compound is
3,4-dihydro-2H-pyran.

17. A method for preparing.a resist composition according
to claim 1, wherein the vinyl ether compound is a divinyl ether
compound.

18. A method for preparing a resist composition according
to <claim 17, wherein the divihyl ether compound is

butanedio]_.—l, 4-divinyl eti'ler, ethylene glycol divinyl ether or

triethylene glycol divinyl ether.
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hydrochl oric acid, sulfuric acid, nethanesul fonic acid, canphorsulfonic
aci d, trifluoroacetic acid and trichloroacetic acid.

55 24. A net hHWﬂHM"ﬁ"HHHI‘ILIMa resi st conposition according
to any one of clainms 2 to 4, 3 that is the reaction

term nator or base catal yst is at 1'eadt dne" menber selected from amoni a,

organi ¢ am ne, organi c oni um hydroxi dé and conjugate salts thereof.

25. A method for pgeparbRBod E6Site MRS At 081 8€ L OO, | i A
wherein the base conpound \c/\)hi ch ipgﬁt% he reagtilronlgt gcggmﬂﬁga%?{%} %bdf;la:lsoerpC{Z'fh9I
catal yst is @b d€ast 10ONgHEW | ¢ i . . .
triethyl am ne, d di cycl ohg&?x%e?%}?gméégg} ?‘gﬂé@lﬁ%?hlﬁ fm"(r:t())rl{llbl}rrﬁatlon

hydr oxi de, téf pjpe&yllﬁg éog%ugyr}?gr&x_h g, ?%hgngaxl.i odoni um hydr oxi de,

tri phenyl sul t'oni um acet at €, phényl'su rum ™ “canphanat e, and

tri phenyl sul f oni or ) 26. A nethod for preparing a resist
conposi tion acco%lg} r%%%fﬁn% PTeRREFBIN e LTt \Fé’ﬁ‘fppassl on g§§9rﬁlﬂ€g
menber sel ected .fromglycol ether gl ycol. ether acetates and aliphatic
esters which hg%glﬁ‘ei’?’he %ﬁsf&rlgxy&%o?’{?gtlo egft}b% compoung  or gigdklor
preparing a resi st conposition accordin to claim 26, wherein the sol vent

i s propyl en@ AR HFAC 2kt AerattRel 8- 1 to U9 mol ganigelient to

preparing a resist cqnposition according to claim1l, wherein_the content
of water in tapq, B &ﬁ‘%@-‘é@%ﬁ?‘yl or carbOxylic group in the alkali-soluble

polymer having a phenolic hydroxyl or carboxylic group.

21. A method for preparing a resist composition according
to claim 2 or 4, wherein the acid catalyst is the same kind of
acid as non-aromatic acid generated from photoacid generator
used in chemically amplified resist, and the amount of the acid
catalyst is 0.1 to 10 mmol equivalent to the hydroxyl or carboxyl
group of the alkali-soluble polymer having a phenolic hydroxyl
or carboxylic group.

22. A method for preparing a resist composition according
toclaim 21, wherein the non-aromatic acid is at least one member
selected from mineral acid, orgahic sulfonic acid and
halocarboxylic acid.

23. A method for preparing a resist composition according

. to claim 22, wherein the mineral acid, organic sulfonic acid
and/or halocarboxylic acid is at least one member selected from
hydrochloric acid, sulfuric acid, methanesulfonic acid,
camphorsulfonic acid, t'i:ifluoroacetic acid and

trichlorocacetic acid.
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s 700 ppm or |ess. 29. A met hod for preparing a restst.conposition
according to claim17, wherein a |ow nolecular pol yhydr ﬂomat 1

56 compound is used along with the divinyl et m
30. A resist conposition prepared by the method described= ’/’ ”

24. A method for preparing a resist composition according
to any one of claims 2 to 4, wherein the base that is the reaction
terminator or base catalyst is at least one member selected from
ammonia, organic amine, organic onium hydroxi.de and conjugate
salts thereof.

25. A method for preparing a resisf composition according
to claim 24, wherein the base compound which is the reaction
terminator or base catalyst is at least ohe member selected from
ammonia_, triethylamine, dicyclohexylmethylamine,
tetramethylammonium hydroxide, triph_enylsulfonium hydroxide,

. dipheﬁyiioddnium hydroi:ide, t_:riphenylsulf.onium acetate,
triphenylsulfonium ca_mphaﬁate, and triphenylsulfoniﬁm
camphorate.

26. A method for preparing a resist compositio_n according
to claim 1, wherein the solvent is at least one member selected

. from glycol ethers, glycol ether acgtétes and aliphatic ésters
which have neither hydroxyl nor keto group.

27. A method for preparing a fesist composition according
to claim 26, wherein the solvent is propylene glycol monomethyl
ether acetate.

28. A method for preparing a resist composition according
to claim 1, wherein the content of water in a reaction system
is 700 ppm or less.

29. A method for preparing a resist composition according

to claim 17, wherein a low-molecular polyhydroxy aromatic
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compound is used along with the divinyl ether compound.

30. A resist composition prepared by the method described

in claim 1.
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