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THE 1 NVENTI ON Lo Thi's indvention relates to a pol yhydroxystyrene
derivative having in its nnlecule acetal groups or ketal groups whi ch

can easily be elimnated in the 1 presence of 5 an acid, particularly to a

pol yhydr oxystyrene derivative havi ng & narrOM/nDIecuIar wei ght

di stribution and usef ul as a functional polyner in a resist material.

Wth a recent trend toward hi ghgiymeR kDt ¥ESIST MATEREM ati on of sem conduct or
devi ces, energy sourses used TO for finer processing, particularly for

| i ght exposure devi ces used for photolithography are shortened in
wavel engt hs nore and nore. MNaw, the use of deep ultraviolet Iight (300
nmor |ess), KrF exciner |aser © beans (248.4 nm, and the like is
studied. But there has 15 been found no resist material practically
suitable for pacrerobNpavel eagt RNVENTION For exanple, as a resist
mat eri al usable for a | i ght source of KrF exciner |aser beans and deep
ultraviolet light, it isTheguiirénddmeyeladtgs 20 a polyhydrdenyeeeyareheli gh
sensitivity for a light near 248.4 nm Fromthis point of view, it is

i npossi bl e to derivatikeohavibgoliacitesmpdedudet acptel pirghkpst cankeitelance
and groups which can easily be eliminated in the presence of
5 an acid, particularly to a polyhydroxystyrene derivative
having a narrow molecular weight distribution and useful
as a functional polymer in é resist material.

With a recent trend toward higher-density
integration of seﬁiconductor de&ices; energy sourses used

10 for finer processing, particularly for light exposure
devices used for photolithography are shortened in
wavelengths more and more. - Now, the use of deep
ultraviolet light (300 nm or less), KrF excimer laser
beams (248.4 nm), and.the like is studied. But there has

15 been found no resist material practicaily suitable for
such wavelengths.

For example, as a resist material usable for a .
light source of KrF excimer laser beams and deep
ultraviolet light, it is required to have high

20 transmittance and high sensitivity for a light near 248.4
nm. From this point of view, it is impossible to use
known novolac resins due to poor light transmittance and
known dissolution-inhibiting type resist materials due to
low sénsitivity. Recently, as a resin having high light

25 transmittance, polyvinyl phenols and derivatives thereof



knewn di ssol ution-inhibiting type resist materials due to | ow -
sensitivity. Recently, as a resin having high light 25 transmttance,

pol yvi nyl phenol s and derivatives thereof

- 2- have been proposed and used. Further, there have been

proposed chemically anplified type resist-nmdterials which have hi gh
sensitivity and use an acid generated by exposure to light as a nedium

4 401, 626 1o 1 havd Dochhronpedt gpadsed) Bt AL Phstn, PREC 5°BBs, 101
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f al, Poiym MhigroSef ofemsarly aa1 {564 Nypd ek feiiatepTats wnich®

But, when the Q‘PA‘YM@Hiﬁéﬁgﬁﬂviﬁthﬁ&euse anr&fzféeggfx%ré’(:ﬁd bgr exanple,

phenol ether polymers Suc as poly(p-tert-butoxy onyl oxysStyrene),
poly(p-tert- expbshfxyedYyLEHRE adOhYnedient (RUt pryCcatbany! PSYyR: Eng,
nmet hyl styrene), poly(p-tert-butoxy-a-nethylstyrene), 15 poly(tert-butyl
p-i sopropenys prembxy a2} a1@)2 ob9§Ep; U.S. Patent No. 4,491,628 to H.
tert - but oxycar bonyl oXyst yrene/ sul fone), pol y(p-

t et rahydr opyr anft@xgtt gk ebe) JPpbt${27660); U.SpePabenbt Noxy4s6Q8eh0], to
poIy{p-(l-phenoxyethoxy)sg{rene), etc., filns aroduced are easily
peel ed of f due I pdeFivebladpespletimsdPrd-2shbit4@dl e 4P-2-2rAB8BP: Y.

dovel oprent osahSRIAL Ak 2 (LR o001 2102, 9ged pRt {£48,Y1 {1 1 oh

' etc.). _

10 But, when the polymers disclosed in these
references are, for example, phenol ether polymers such
as poly(p-tert~butoxycarbonyloxystyrene), poly(p-tert-
butoxystyrene), poly(p-tert-butoxycarbonyloxy-a-
methylstyrene), poly(p-tert-butoxy-a-methylstyrene),

15 poly(tert-butyl p-isopropenylphenoxyécetate), poly(p-
tert-butoxycarbonyloxystyrene/sulfone), poly(p- |
tetrahydropyranyloxystyrene), poly{p-(1-
methoxyethoxy)styrene}, poly{p-(l-phenoxyethoxy)styrene},
"etc., films produced are easily peeled off due to poor

20 adhesiveness to a substrate at a time of development,
resulting in failing to obtain a good pattern with high
heat resistance. In the case of a carboxylic acid-based
polymer, for example,.poly(tert-butyl p-vinylbenzoate) or
poly(tetrahydropyranyl p-vinylbenzoate), resolution is

25 not good due to insufficient light transmittance near
248.4 nm caused by a benzoyl group. Further, in the case
of poly(tert-butyl methacrylate), there are problems of

poor heat resistance of the polymer and poor resistance



pol ynmer, for exanple, poly(tert-butyl p-vinylbenzoate) or
pol y(tetrahydropyranyl p-vinylbenzoate), resolution is 25 not good due to

insufficient light transmttance near 248.4 nm caused by a benzoyl
group. Further, in the case of poly(tert-butyl nethacrylate), there
are probl ens of. poor heat resistance-o® the pol ymer and poor _
resi stance - - 3- to dry- etching.
Recently, various chemcally anplified resist mat eri al s overcom ng the
above-nenticnme?Hé%ﬂﬁﬁH%ﬁﬁé%' have been reported: for exanple, a

resi st material using 54 . . s .
poIy(p-tert-butoxycarbonyﬁ%é?gf§¥éng?ﬁ}ﬁvar8??@%??%%3)ampllf%?ﬁ-£?§}§69977,

and JP-A- 3- 2064p8)a P51 £5bPd r S8 EAG Hhe abotEiMénfioned disadvant
poIy(p-tetrahydroﬁ??anj%oxy§€yrene p- ca oﬂ%droxys???ene%S?J%f%v39?%847,

JP- A-2-161436, redge Jaeh Sreported30680r axdmplé £54 StedPs €l mater$a00usding
poly(p-tert- 10 butoxystyrene/p-hydroxystyreneﬁ (JP-A-2-62544, JP-A-4-
211258=U. S. 5 5 35l pGH teBtibiitexyEstisdnybdey sty sens/ pehydroxgstirgne y mer s

as nentioned above have problens of a del ay time and substrate
~dependency. The( JR-c00t2r2Q@99712) sgnd | Fie-A-3-2064%8 pr ob| eesDét vmateriah of

pattern size or 15 deterioration of pattern shape during a period from

resi st coating YsinxpRely (- tetrahydrepyrarploxygtyrene/pperi od from |

exposure to actinic radiation to_heat t reat ment {PEB due to_a
ci rcunst ance at §;¥ﬁeQﬁp (JP-A-2-19847, JP-A-2-161436, and JP-A-3-

83063); and a résist material using a poly(p-tert-

10 Dbutoxystyrene/p-hydroxystyrene) (JP-A-2-62544, JP-A-4-
211258=U.S.P. 5,350,666). But the resist materials using
such polymers as mentioned above have problems of a delay
time and substrate dependency. The problem of delay time
is a problem of variation of pattern size or

15 deterioration of pattern shape during a period from
resist coating to exposure to actinic radiation, or a
period from exposure to actinic radiation to heat
treatment (PEB) due to a circumstance atmosphere of an
amine or the like or an insufficient solvent holding

20 ability. The problem of substrate dependency is a
problem of capable of forming or incapable of forming a
patterﬁ depending on the material used for a .
semiconductor.substrate, for example, SiO,, Si,N,, Ti;N,,
Si0, added with boron (B) and phosphorus (P) (BPSG), or

25 polysilicon.

-On the other hand, there are proposed resist
materials comprising a polymer introducing an acetal

group and ketal group as a protecting group thereinto



amne or the like or an insufficient solvent holding 20 ability. The

~ probl em of substrate dependency is a pr obl em of capable of form ng or
i ncapabl e of fornming a pattern depending on the material used for a
sem conductor substrate, for exanple, SiJerr], Si[err]Nerr],
Ti[err]Nerr], Sigerr] added mnth bOFGh-(B) and phosphorus (P

- (BPSG, or 25 ponS|I|con On the other hand, there are

roposed resi st rials conprisi |ntrodu0|n an aceta
gr oEp and ket aI [&&Jp Ya(lbr]o't“é?c% glgd'l?ptqﬁf%r%?‘?ﬁ%s yrene/p-
-4- t hyl et.hoxystyrene

hydroxystyrene)] Ymsjtgrp%%oﬁgcﬁwﬁ%é aﬁrb?%(%acy& ‘?4‘19%?1 yI Rul f oni um
salt derivative .
JP- A- 4- 219757, J%Eifj%% ﬁﬂ'gp“tﬂt sdefé%‘te’z%O?A% %ﬁesel?r%‘%%rr’}‘é s
-have a problem(gblt JﬁﬁﬁﬁiiﬂsilBéﬁ Jﬁuﬂn4£21¢¢57“E3ﬁﬁﬁmgfééib43 dhe 3PﬂE

of devel opnent) mhlch brings about a probl emof transfer to

under | yi ng s@s-8-283550 Chi Bt Atk GFidls have A/lisitdslem ctependency
~and delay tine. Further, JP-A-5- 10 249682 discloses a resist materi al

conprising a polgemsration BflsAm (a residue generated at the time of
pol y(p- 1- et hoxyet hoxyst yr ené/ p- hydr oxyst yrene),

pol y( p- 1- net hox yemedommenteh efhplaly dubngs ymmel) 2 toiem of tramsfer to
1- met hoxy- 1- met hyl et hoxyst yr ene/ p- hydr oxyst yr ene),

pol y(p- 1- et hoxyé't‘hd%%ﬂr (EURRHERER (BY @ehigichy 1and raRIRRS PRt e) or

poly(p-1- ethoxyet s fg é‘ggpéadency and delay time. Further, JP-A-5-

10 249682 discloses a resist material comprising a polymer
such as poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene),
poly(p-1-methoxyethoxystyrene/p—hydroxyétyrene), poly(p-
1-methoxy-1-methylethbxystyrene/p—hydroxystyrene),
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/methyl

15 methacrylate) or poly(p-l-ethoxyethoxystyrene/p-
hydroxystyrene/fumaronitrile), and a photoacid generatof
such as a diazodisulfone compound. Such a resist
material is excellent in resolution, without a problem in
delay time, but has problems in the substrate dependency,

20 heat resistance, roughness of side walls of pattern, and
generation of scums. In addition, JP-A-6-194842
disclbses a resist material comprising a polymer such as
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-
butoxystyrene) and an acid generator such as a

25 diazodisulfone compound. Such a resist material is
excellent in resolution, mask linearity, heat resistance,
without a problem in delay time, but have problems in the

substrate dependency and generation of scum.



hydroxysfyrene/funaronitriIe), and a photoaci d generat or such as a

di azodi sul f one conpound. Such a resi st material is excellent in
resolution, without a problemin  delay time, but has problens in the
substrate dependency, 20 heat resistance, roughness of side walls of
pattern, and generation of scums. In &d® t+ on, JP-A-6-194842

di scl oses a resist material conprising a polyner such as

pol y(p-| - et hoxyet hoxyst yr ene/ p-hydr.oxystyrene/ p-tert- but st yrene)
and an aci d generator sucﬁ“a?préfeyﬁé: isé’z%'(ﬁ ﬁlq&&%’g%rﬁfoms 1'h"‘%/{’resi st
material is excel l.e Ln resolution, .mask | ineari eat,_,resi nce,
W t hout a problgRFF Géggfrﬁpﬁg,%ﬁu%h%ayéer |§ﬁ§%lﬁbﬁﬁggr Ehf%%%?%a e
dependency and 150 . <3C : .

fgrene 9EPB bl el st Wilterials comprisipo o polymer, (oo

di fference at tRgnkird®19hgdRbeLERTRR weliBBte sastributibPqel.gd kesi st
material s conprising a polyner control ling nol ecul ar wei ght

di stri buti ons] emgnodispereenpdlypers suph weepolyp-aert-butoxystyrene),
pol y(p-tert-butoxystyrene),

pol y( p-t et r ahydpopy( arretrabydrepyirpnyioxystyrener-hydroxysdiyyrene),
(p-tert-butoxycarbonyl oxystyrene/ p- hydroxystyrene),

pol y( p-t ert - but DRYFE&PbEeFtokydoryecarbonyloxystyrene/ pradaornsiyaese ) et c. |
and a triphenylsulfoniumsalt 10 (e.g. JP-A-6-273934, JP-A-6-49134,

JP- A-4- 195138, PP1E{(p-tert-bytexygarbpnxlpxysdyrenedstyFens Pt hese resi st

materi al s
hydroxystyrene), etc.] and a triphenylsulfonium salt

10 (e.g. JP-A-6-273934, JP-A—6-49134, JP-A-4-195138, JP-A-5-
132513, JP-A-7-268030, etc.). But these resist materials
using the monodisperée polymers have also the problems
of poor resolution, delay time and substrate dependency
like the above~mentioned resist materials, since the

15 group eliminated by the acid is a tert-butyl group, a
tert-butoxycarbonyl group, a tetrahydropyranyl group,
etc. which are also used in the above-mentioned resist
materials.

As mentioned above, chemically amplified type

20 resist materials now present cannot be used practically,
since there are many problems such as poor heat
resistance of the polymer used as a major component, poor
adhesiveness to the substrate, poor light transmittance
near 248.4 nm, poor solvent holding ability, insufficient

25 chemically amplifying action, insufficient resolution
caused by non-uniform developing speed at the time of
development, changes of pattern size and pattern shape

with the lapse of time (so-called "a problem in delay
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nmonodi sperse pol yners have al so the probl ens of poor

delay tinme and substrate dependency i ke the
ioned resist nmaterials, since the 15 group elimnated by the
tert-butyl group, a tert-but oxycarbonyl group, a
pyranyl group, etc. which aré al so used in the
I oned resi st mat eri al s. . As mentioned above,-
anpllfle ty 20 resi st erL | s now resent cannot be used
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gltea%nt theh @n%%rafcepa @haea@e a?aﬁd that 1g%ke .shape

apse of tine (so-cal a problemindel ay

ti Be" rhepe@brs!, ousagetibabul pblLympeel whaehs call golvepabiese mask

footing (broader bottons in a pattern) and retention of of

hnessprbbiknle halkksbebnademandedt.t ern, the substrate dependency

ke. 5 Therefore, functional polyners which can solve these

ave been demanded.

SUMMARY OF THE INVENTION

It is an object of the present invention to

provide a polymer usable as a major component in a

10 practically usable resist materiél which has high

transmittance for ultraviolet light, particularly deep

ultraviolet light and KrF excimer laser beams having

wavelength of 300 nm or less, high senSitivity to

a

exposure to light using such a light source, electron .

15 beams, soft X-rays radiation, remarkably excellent heat

resistance and adhesiveness to a substrate, high

resolution, no change of pattern size with the lapse

of

time, capability to obtain a pattern with high precision,

excellent storage stability, broard focus margins, good

20 maks linearity, no substrate dependency, no footing nor

'scums and ability to obtain rectangular pattern shape

with smooth sidewalls.
The present invention provides a polymer

having repeating units of the formula:



SUMVARY OF THE | NVENTI ON It is an object of the present

Invention to provi de a polynmer usable as a major conponent in a 10
practically usable resist material which has high transmttance for
ultraviolet light, particularly deep ultraviolet light and KrF exciner
| aser beans having a wavel ength of 300 ;nm.or |ess, high sensitivity to
exposure to light using such a |ight source, electron 15 beams, soft
X-rays radi ation, remarkably excell ent heat resi stance and
adhesi veness to a substrate, hlgh rﬁsolutlon néFchange of pattern
size wth the | apse of I me, capabillity to obtaln a pattern mnth hi gh
preci si on, gxcellén -ragG rgmﬁ%ﬂ%yy §P ns, bod g20
maks linearity, no substratejdependency, o footlng Eb scuns and
ability to obtain rectangul# ~pattern snoot h si dewal | s.
The present invention prov poky haV|ng repeating units of the
fornmul a: ' -7- [err]

0-C-OR® OH

|
R4

wherein R' and R? are independently a hydrogen atom or a
lower alkyl group; R® and R' are independently a hydrogen
atom or.an alkyl group which may be sustituted with one
or more halogen atoms, or R® and R* can form an alkylene
5 ring together with the interposing carbon atom, provided
that R® and R* cannot be hydrogen atoms at the same time;
R’ is an alkyl group which may be substituted with one or
more haiogen atoms, or an aralkyl group; R® is a phenyl
group which may have one or more substituents, a carboxyl
10 group which may be substituted with an alkyl group, or a
cyano group; m and n are independently an integer 6f 1l or
moré; k is zero or an integer of 1 or more,'provided that
0.1 < (m+k)/(m+n+ k) £0.9and 0 <sk/(m+n + k) <
0.25, said polymer having a degree of dispersion of 1 or
15 more and less than 1.5.
The present invention also provides a resist
material comprising the polymer mentioned above.
The resist matérial'further'comprises a
'photpacid generator which generates an acid by exposure

20 to actinic radiation.



wherein R err] and R err] are independently a hydrogen atomor a | ower
al kyl group; R err] and Rlerr] are independently a hydrogen atom or an
al kyl group which nmay be sustituted with one or nore hal ogen atons, or
Rlerr] and Rlerr] can forman alkylene 5 ring together with the

I nt er posi ng carbon atom provided that &err] and R err] cannot be
hydrogen atons at the sane tine; Rlerr] is an al kyl group which nmay be

substituted with one or | Kyl X
's a phenyl  BREER, %@?hﬂéeﬁ%ﬁmﬁﬁ%"éuﬁ& hents, 2o earboxy
10 group which may be Supﬁé ted 4 Lhage ékkﬁieg{:&ﬂgme?roﬁtakneﬁyﬁﬂo

group; n1and n are indepen

an integer
[err] 0.9 and

y an 1 nteger I'S zero

ép %rd?ég%?m%gf@ 1 hdasured- ﬁ%[géilpéﬂéakiéﬁm + n + k)

+ K) [err] sai d pol ynmer having

degree of di spessiithigraphy (J@p@pre and | ess than 1.5.
present invention al so prOV|des a resist material conprising the

pol ymer mentgoned above. rFigs. 2A to 2C dbe ceosstseeteohal fhetwber

conprises a
20 to actinic

phot oaci d generator which generates an acid by exposure
rstibvaingna process for forming a positive work pattesn

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a chart of th
pol ymer obt ai natsinmg the Presiist i mateniadb| of ithepresenbyigeenpteneat i on

10

15

20

25

Fig. 3 is a graph showing a good'mask
linearity of the resist material obtained in Example 1.

Fig. 4 is a cross-sectional view of the good
pattern obtained in Example 1. |

Fig. 5 is a cross-sectional view of the pbor
pattern with 0.30 ym L/S obtained in Comparative Example
L _

Fig. 6 is a cross-sectional view of the T-

- shaped positive working pattern using the resist material

of obtained by Comparative Example 1.
 Fig. 7 is a cross-sectional view of the poor
pattern with 0.20 pm L/S obtained in Comparative Example
4. |
Fig. 8 is a cross—sectionai view of the
pattern poor in heat resistance after baked at 120°C for
150 seconds obtained in Comparative Example 1.

Fig. 9 is a graph showing a poor mask

rr]
I

or

a
The

e

linearity of the resist material obtained in Comparative

Exémple 4.
Fig. 10 is a GPC chart of the polymer used in

Comparative Example 4.



chromat ography (GPC). 5 Figs. 2A to 2C are cross-sectional

Vi ews showi ng a process for formng a positive work pattern usi ng
the resist material of the present invention. Fig. 3is a
graph showi ng a good nask linearity of the resist mat erial obtained in
Example 1. 10 Fig. 4 is a cross-8e<ctional view of the good
pattern obtained in Exanple 1. Fig. 5 1s a cross-sectional

vi ew of the poor pattern with 0.30 Em L/ S obtained in Conparative
Exanpl e 1. DESCRIPTION OF [THE RREEERRED (EMBQRIMENTS| view of the T-
shaped positive working pattern usi ng the resist materi al f obtained
by Conparative Exanple 1. The polymer of ghg pyepenk Ipgeutigr:Psfal view

of the poor at t 0.2 L bt aj ned in Conparative Exanple
20 4. T peaﬁ‘é %n&s °g ggné s%?ﬁ?i% vi ew of the pattern
poor in heat resistance after baked at 120[err]C for 150 seconds

obt ai ned i n Conparative Exanple 1. Fig. 9 is a graph show ng
a poor mask 25 linearity of the resist ngtterial obtaned in Conparative
Exanpl e 4. 10 is a GAC chart of the polyner used in
Conpar ati ve Exanple 4. c - CH,—+—+¢ C - CH,—)++¢ c - CHz—-)—9 [1]

Qg

wherein R and R? are independently a hydrogen atom or a

5 lower alkyl gfoup ; R® and R! are indepehdently a hydrogen
atom or an alkyl group which may be sustituted with one
or mo;:'e halogen atoms, or R® and R* can form an alkylene
ring together with the interposing carbon atom, provided
that R® and R* cannot be hydrogén atoms at the same time;

10 R® is an alkyl group which may be substituted with one or
more halogen atoms, or an aralkyl group; R® is a phenyl
group which may have one or more substituents, a carboxyl
group which may be substituted with an alkyl group, or a
cyano group; m and n are independently an integer of 1 or

15 more; k is zero or an integer of 1 or more, provided that
0.1l = (m+ K)/(m+n+KkK) <0.9and 0 < k/(m + n + k) <
0.25, said polymer having a degree of dispersion of 1 or
more and less than 1.5. |

In the formula [l], the 16we;r alkyl group in

20 the definitions of R' and R? is that having 1 to 4 carbon



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS " The pol yner of the
present invention has repeating units of the formula:

[err] wherein RL and R2 are independently a hydrogen atomor a 5

| oner al kyl group; R3 and R4 are independently a hydrogen atom or an

al kyl group which may be sustituted with erkd - or nore hal ogen atons, or
Rlerr] and R err] can form an al kyl ene’ ring together with the

I nt er posi ng carbpn ato provi ded- t hat err] and rc] cannot be

hycr ogen atoms. SEORRe SRFGCRPHELS. 18 REBAY] BECHR: ARRyFERYSuBEaiPen day be
substituted wth_one,or e, a or, an Kk oup;. Rl err]
I s a phenyl pﬁ§8§% %ﬁ?gﬁ’2§§ ﬁggbggﬁglopgggpé Su spﬁgggn§g?g§’c§r oxyl

group whi ch miyiggbﬁ'ﬂ?;t 'Q%:Blhﬁgew TtEr?ﬂEﬁlgﬁ' ?%59#6}3% 4 sec-bhityq group, m

and n are independent ger o k'is zero Or an _
I nteger of 1 or gBBLH. provi ded t hat 0.1 [err] (m+ k)/(m+ n + k) [err]
0.9 and O [err] " k/i(m+ n + k) [err] 0. 25, said polyner having a degree

of dispersios of 1 or A rthed ad Kyds yridup) whiTh may be substituted he
formula [1], the lower alkyl group in 20 the definitions of Rl err] and
Rlerr] is that wathngné bo morer helogen atoms in the definitions of R?,
| R* and R®, there can be used a straight, branched or
cyclic alkyl gfoup preferably having 1 to 10 carbon
atoms, for example, a methyl group, an ethyl group, a n-
10 propyl group, an isopropyl group, a cycloproﬁyl group, a
n-butyl group,'an isobutyl group, a tert-butyl group, a
sec-butyl group, a n-pentyl group, an isopentyl group, a
tert-pentyl group, a l-methylpentyl group, a cyclopentyl
group, a n-hexyl group, an ischexyl groﬁp, a cyclohexyl
15 group, a heptyl group, an octyl gfoup, a nonyl group and
a decyl group.
As the halogen which can substitute one or
more hydrogens of the alkyl group in the definitions of
R?®, R* and R®, there can be used chlorine, bromine,
20 fluorine énd iodine.
The aralkyl group in the definition of R®
includes, for example, a benzyl group, a phenetyl group,
a phenylpropyl group, a methylbenzyl group, a
methylphenetyl group, an ethylbenzyl group, etc.
25 The substituent for the phenyl group in the
definition of R® includes a halogen atom such as
chlorine; bromine, fluorine and iodine; a straight,

branched or cyclic alkyl group preferably having 1 to 10



- 10 - atons, for exanple, a nethyl group, an ethyl group, a n-
‘propyl group, an isopropyl group, a n-butyl group, an | sobutyl group,
a tert-butyl group, and a sec-butyl ~ group. 5 - As the al kyl
group which nmay be substituted with one or nore hal ogen atons in the .
definitions of Rlerr], Rlerr] and Redd] - there can be used a
straight, branched or cyclic al kyl group preferably having 1 to 10

car bon atons, for exanpleg, a nethyl grou et hyl grou a,n- 10
propyl group, ba?PT%%r%WFsgrg%,e’? ‘FOp‘?o'B%hg:Po%?X%' an &ﬁ@%ﬁtyl

group, an isobut roup, _a terst- grou -pbut yl group, a

n- pent yl grcnuxg%éPﬁsd%é%t5¥°%¥%u§£é%ﬁ' ai? ?%??y%%%%ygfg? Up¥ ag P

1- net hyl pent yl C tyl _ 0, NyRe p

I sohexyl group,&g.c%%f%#g§y¢98§§’déoﬁﬁ?uggﬁe%?gvabr%ﬁp¥¥g%ggg¥y?rg?gﬁp? a.
nonyl - group andeert-b@tFECYtodpOUR- sec-butyl group, A& hbBeheLI§HoUP| cancan

substitute one or nor e hydrogens of the alkyl group 1n the definitions
of  R3, R4 alsopdntylegroep) decteBtdpefiteli geoupy oai bemetBPlpénoyine and
I odi ne. The aral kyl group in the definition of R5

i ncl udes, for exeowpge, aacpebapényydbugroap phenetlexygt ogpoup, anaisochexyl
phenyl propyl group, a nethyl benzyl group, a nmet hyl phenetyl group, an
et hyl benzyl grogmouet ca cy@lohexyl grougheasheRtylugrPuPoraRh@cphényl group

in the
group, a nonyl group, a decyl group, etc.; a straight or

branched alkoxy group preferably having 1 to 6 carbon

10 atoms, for example, a methoxy group, an ethoxy group, a
n-propoxy group, an isopropoxy group, a n-butoxy group,
an isobutoxy group, a tert-butoxy group, a sec-butoxy
group, a n-pentyloxy group, an isopentyloxy group, a n-
hexyloxy group, an isohexyloxy group, etc; a 5 or 6-

15 membered saturated heterocycli%&gy group such as a
tetrahydrofuranyloxy group, a tetrahydropyranyloxy group,
etc.; or a group of the formula: R?*0-CO-(CH,),0-,
wherein R* is an alkyl group; and j is zero or an
integer of 1. The alkyl group in the definition of R%?

20 is that having preferably 1 to 8 carbon atoms, for
example, a methyl group, an ethyl group, 5 propyl group,
a butyl group, a l-methylcyclopentyl group, 1-
methylcyclohexyl group, etc.

Concrete examples of fhe Qroup of the formula:

25 R”O-CO4(CH2hO— include an ethoxycarbonyloxy group, an
isopropoxycarbonyloxy group, an isobutoxycarbonyloxy
group, a'tert—butoxyqarbonyloxy group, a tert-

amyloxycarbonyloxy group, a methoxycarbonylmethoxy group,



definition of R6 includes a hal ogen at om such as chl orine, brom ne,

fluorine and iodine; a straight, branched or cyclic al kyl group
preferably having 1 to 10 ' carbon atons, for exanple, a

met hyl group, an ethyl group, a n-propyl group, an isopropyl group, a
cycl opropyl group, a n-butyl group, an isqbybyl. group, a tert-butyl
group, a sec-butyl group, a n-pentyl group, an 5 isopentyl group, a
tert-pentyl group, a 1l-nethyl pentyl group, a cycl opentyl group, a

n- hexyl group, a&aniethexytarbonyglnebhoxy cgrdwbexd| nepoopexycacponyylgr oup,
an octyl group, a nonyl group, a decyl group, etc.; a straight or

branched al koxy BeEMexYrgFevab| §n hbseproRoxycarbanrpbrethoxy greups o n-
exanpl e, a methoxy group,. an ethoxy group, a . N-propox roup, an
sopropoxy gr oupPUECRYEREBRYYLFRERSEY TaNp; 3b 1 BXU YRR ThoRE Pe Bae Y
bfogp,paxgeg-b3?2x groz ﬁ? EE- e glo {Sgﬂou ?gaggisqgthXﬁoxy grou%,
a n- hexlex?réVBUp? §ﬁ°P28ﬁ8§¥$%£é 5¥§%ﬁ, %¥§;959%pbr 6-°X 15 menber ed
t ted het | ,
27t et ahydr opyr ceuFokrERYnahote iy (GrBup. a | ShEPRYTLPLILAMLPTYLL OLP

Rl err] 0- C0- (CH| egathbnylmeth¥k@’ §r8up?lZal S-REtRYK¥ycIbRERy18RYchrbongEL O OF
an I nt eger of 1.nYTﬂ2 alkglggrgﬁg ?n t he g%fi%?tion of 2 r20n|§s t hat

havi ng pref er abl je#hdRy Sgeeuppneteons, for exanpl e, a methyl group, an
et hyl group, a propyl group,
The alkyl group as the substituent for the
carboxyl-group in the definition of R® can be straight,
10 branched or cyclic alkyl groups preferably having 1 to 6
carbon atoms, for example; a mefhyl group, an ethyl
group, a n-propyl group, an isopropyl group, a
cyclopropyl group, a n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, an
15 isopentyl group, a tert-pentyl group, a l-methylpentyl
group, a cyclopentyl group, a n-hexyl group, an isochexyl
group, a cyclohexyl group, etc.

The polymer of the present invention comprises

a monomer unit of the formula:

Rl
l
llaa - [3]
0-C-OR®
L

20 having a functional group of the formula:



a butyl group, a 1-nethylcycl opentyl group, 1- met hyl cycl ohexyl group,
etc. ' _ Concrete exanples of the group of the formula: 25
Rlerr]OCO-(CH err]0- include an et hoxycarbonyl oxy group, an

i sopropoxycar bonyl oxy group, an isobutoxycarbonyl oxy group, a
tert-but oxycarbonyl oxy group, a .tert- - - agykoxycar bonyl oxy group, a

nmet hoxycar bonyl net hoxy group, ' - 12 -
an' et hoxycar bonyl met hoxy group, a_n-propoxycarbonyl - nmet hoxy group, an
i sopr opoxycar bonyl net hoxy group,R% n- but oxycar bonyl met hoxy group, an

i sobut oxycar bonyl met-hoxy grouip, a sec; but oxycar bonyl met hoxy %{oup, a
tert- 5 butoxycarbonyl metnoQy=g®otp® a B: met hyi cycl opentyl oxy- L[2]

car bonyl net hoxy group, a 1-nethylpyclohexyloxycarbonyl- met hoxy group,
etc. The al kyl grolp as the substituent for the car boxyl
group in the definition of R6 can be straight, 10 branched or cyclic al kyl
groups preferably having 1 to 6 carbon atons, for exanple, a nethyl
group, an ethyl yherdiRUR, &2D-R¥ O afHOHP afd) 45 UULINEd KR, 3the

cycl opropyl group, a n-butyl group, an isobutyl group, a sec- butyl
group, a tert-butycEiondl Froupest YthglEotmubd [Z2P bSOREEble GtOUWe a
tert-pentyl group, a 1-nethyl pentyl group, a cyclopentyl group, a

n- hexyl group, aeasibheadiminated dog,a asmayll cimoynt @bugcidt cfor example,-

an alkoxyalkyl group, a haloalkoxyalkoxy group or an
5 aralkyloxyalkoxy group,

a monomer unit of the formula:

Rl
!
- C - CH, - - | [4]

OH

wherein R! is as defined above, so as to improve
adhesiveness to substrate and heat resistance, and

a monomer unit of the formula:

RZ
| .
- Cf - CH, - [5]

RS

10 wherein R? and R® are as defined above, so as to improve
light transmittance at exposed areas to light, and to

improve mask linearity by controlling developing speed,.



"The polynmer of the present invention conprises a nononer unit of the

fornmul a: [err] - 20 having a functional group of the fornula:
- 13 - [err] . wherein R err], Rerr], Rerr], Rerr] and R err]
are as defined above, the ~ functional group of the fornula [2] being .
able to be easily elinmnated by a smat [14mount of acid, for exanple,
an al koxyal kyl group, a hal oal koxyal koxy group or an 5 aral kyl oxyal koxy
group. saldamggggggruggkto%fthgefggh a [5] being used

optionally depending on purposes, and said polymer having

a degree of dispersion of molecular weight (Mw/Mn,

Mw=weight-averége molecular weight and Mn=number-average
5 molecular weight) in the range of 1 or more and less than

1.5.

When the polymer having the repeating units of

the formula [1] is used as a polymer component in a

resist material, since the functional group of the

10 formula [2] can remarkably easily be eliminated by the
action of an acid to form a phenolic hydroxyl group
compared with known functional groups such as a tert-
butoxycarbonyloxy group, a tert—butoxy.group, a
trimethylsilyloxy group, a tetrahydropyranyloxy group, a

15 tert-butocharbonylmethoxy group, etc., it is very
advantageous to improve the resolution and to maintain
pattern size without any change with the lapse of time
(free from the problem in delay time) due to difficultly
influenced by circumstances.

20 Even if a polymer has repeating units of the
formula [1], when the polymer is obtained by a
conventional radical polymerization and has a large
degree of dispersion (e.g. ﬁore than 1.5, particularly 2
or more), there bring about various disadvantages when

25 used as a polymer component in a resist material due to
non—constant introducing ratio of'the functional group of
the formula [2]. The disadvantages are, for example,

roughness of sidewalls of pattern due to difference in



[err] wherein R err] is as defined above, so as to inprove .

adhesi veness to substrate and heat resistance, and a nononer
unit of the formul a: [err] 10 wherein Rerr] and Rerr] are as
defi ned above, so as to inprove light transmittance at exposed areas to
light, and to I nprove mask linearity bylTontrolling devel opi ng speed,

- 14 - said nononer unit of the formula [5] being used optionally
dependi ng on purgose , a degree of dispersion

and said pol ynmer, hayin i
of ‘ol ecul ar weRSREOLNEARR, Tate (REWE SRVELOBEEETRB EcUEaNPRERS P tand
than o 55, Helectid?! T8VeTy, MRndrkhi1R, hoBentaNRe Phe SPuRBAl FAG uni (o
mterial, since the funct Tiner aTsns oM e thED e, fpdring, FeiRlting, |
easily be elimpgied B¥ the formula [1] and a degree of dispersion of 1
5 or more and less than 1.5 (i.e., monodisperse polymer) is
used, since the introducing ratio of the functional group
of the formula [2] becomes constant, the dissoltion rate
for a developer becomes constant from a viewpoint of
molecular level, resulting in making the sidewalis of
10 pattern smooth and improving scums at bottom portion of
pattern.

The polymer of the present invention having
repeating units of the formula [1] with a small degree of
dispersion can usually be used alone as a polymer

15 component in a resist material. But it is possible or
preferable to mix two or more polymers of the present
invention havng repeating units of the formula [1] with
different functional groups and with a small degree of
dispersion or to mix two or more monodisperse polymers

20 hwving different weight-average molecular weight so as to
further improve the resolution, substrate adhesiveness,
delay time, maintaining of pattern size, mask linearity,
focus margin, and smoothness of sidewalls of pattern,
etc. due to supplemental effecfs_of individual polymers.

25 Particularly when two or more polymers of the present
invention having different weight—average molecular
weights are mixed;'more improvement in the resolution and

substrate dependency can be expected.



action of an acid to forma phenolic hydroxyl group conpared with known
functional groups such as a tert- but oxycar bonyl oxy group, a
tert-butoxy group, a trimethylsilyloxy group, a tetrahydropyranyl oxy
group, a 15 tert-butoxycarbonyl net hoxy group, etc., it is very

advant ageous to inprove the resol ution andléo-naintain pattern size

w t hout any change with the | apse of tine (free fromthe problenlin

del ti due to difficultl I db t
e 1 e hofees has' 1 esiiahe, % o A bt S B e
pol ymer is obtﬁhg%d Qyt%e form&ﬁ% ?%tl%@@ rag;c | %E tﬁag %p and has a

| ar ge degree of di'spersion PorePrhdf par or

more), there babggvgagggsva _OliS$- ﬁLﬁ?ﬁ¥%&&aﬂﬁie §QSf§§i%é?% Q%ﬁyyégnn

conponent in. a resist mate |aI due non-c I nt u0|ng ratio
of the functiogak.9r BuBhOonomersNenbaudd,a fo2 exbip1d, Sgvant goas. are, for

exanpl e, roughness of sidewalls of pattern due to difference in
- 15 - 5 dinethbitti-0Rmeahslethokydtyelenes phr 0N &-1-Bapivilioxy-1-
nol ecul ar | evel, remarkabl e appearance of scuns, etc. In

contrast, whenmethylelthomysityreng,r ppeati ng 1 -ethoxyietthoxdy sttiyereher, mpl-a drl]
and a degree of dispersion of 1 5 or nore and less than 1.5 (i.e
monodi sper se porirmethoxyethoxysdyrepenc@-t o matl-oduci ng rati o of the
functional group
butoxyethoxystyrene, p- or m-l-isobutoxyethoxystyrene, p-
or m—l-(l,l-dimethylethoxy)-l-methylethoxystyrene, p- or

10 m-1-(1, 1l-dimethylethoxy)ethoxystyrene, p- or mo-1-(2-
chloroethoxy)ethoxystyrene, p- or m-1-(2-
ethylhexyloxy)ethoxystyrene, p- or m-l-ethoxy-1-
methylethoxystyrene, p- or m—1-n—propoxyethoxystyrene,lp—
or m-l-methyl-1l-n-propoxyethoxystyrene, p- or m-1- |

15 ethoxypropoxystyrene, p- or m-l-methoxybutoxytstyrene, m-
or p-l-methoxycyclohexyloxystyrene, etc. It is also
possible to use p- or m-hydroxy-a-methylstyrene
derivatives having the same protective groups as the p-
or m-hydroxystyrene derivatives mentioned above.

20 Examples of the mohomer having the monomer
unit of the formula [4] are monomers having a phenolic
hydroxyl group, for example, p- or m-~vinylphenol, p- or
m-hydroxy-a-methylstyrene, etc.

. Examples of the monomer having the monomer

25 unit of the formula [5] are styrene, a-methylstyrene, p-
chlorostyrene, o-, m- or p-methylstyrene, o-, m- or p-
methoxystyrene, p-n-butylstyrene, p-ethoxystyrene, m- or

p-l-methylcyclohexyloxystyrene, m- or p-1-



of the fornula [2] becones constant, the dissoltion rate for a

devel oper becones constant from a vi ewpoi nt of nol ecul ar | evel,
resulting in nmaking the sidewalls of 10 pattern snmooth and inproving scuns
at bottom portion of pattern. The pol yner of the -
present invention having repeating uwild of the fornula [1] with a
smal | degree of di spersion can usually be used alone as a polyner 15
conponent in a resist material. But it is possible or referable to

mx two or nor eMBERYhEYSIBPEPR¥IpRESLET NS, mrnQEnPrﬁﬁrﬁéPH%°FQE§§FPR§'
units of the fornula [1 Lt different functional groups and with a
smal | degree of ™ ©F bf%ﬁg%gpgﬁrSPYFSnXEQX ﬁgy5?nﬁnrg-n8%ogrsperse pol yner s
20 hving differgg%rgﬁkgggf ¥&h ggxggkggghgr mgiggtpgo as to further

i nprove the resolution, substrate hésivehess, delay tine,

nai ntai ni ng of path8kPcarBenyTBgYsti/PAR, - or p-focus nargin, and .
snoot hness of sidewal s of pattern, etc. due to supplenental effects

of individuab petnoRyGarbdhyPakistyiranky whebrtype or nore polyners of the
pr esent i nvention having different weight-average nol ecul ar
wei ght s are m xkdopropexiyoprboaydokystyrbael, emel ori pr and substrate
dependency can be expect ed. - 16 -
Exanpl es of theisohubtexygpavbagylhsystyoepe, m- ognpt-teftrehe fornmula [3] are
p- or m hydroxystyrene derivatives, p- or mhydroxy-a-mnethyl styrene
derivati ves, butoxycarbonyloxystyrene, m- or p-isoamyloxycarbonyloxy
styrene, m- or p-tert-amyloxycarbonyloxystyrene, tert-
10 butyl m- 6r p-vinylphenoxyacetate, l-methylcyclopentyl,
m- or p-vinylphenoxyacetate, l-methylcyclohexyl m- or p-
vinylphenoxyacetate, etc. It is also possible to use a-
methylstyrene derivatives having the same substituents of
the styrene derivatives as mentioned above, acrylic acid,
15 methacrylic acid, methyl acrylate, methyl methacryalte,
ethyl methacrylate, n-butyl methacrylate, tért—butyl
methacfylate, cyclohexyl methacrylate, acrylonitrile,
etc.
In the polymer of the present invention having
20 repeating units of the formula [1], a total of the
monomer unit of the formula [3] and the monomer unit of
the formula [5] is preferably 10 to 90% by mole, more
preferably 20 to 50% by mole, so as to improve heat
resistance, adhesiveness to a substrate and mask
25 1linearity when used as a polymer component in a resist
material.

The monomer unit of the formula [5] is

contained in the repeating units of the formula [1]



etc. Such nonomers include, for exanple, p- or ml- 5

nmet hoxy- | - met hyl et hoxystyrene, p- or m 1l-benzyl oxy- 1-

nmet hyl et hoxystyrene, p- or m1l-ethoxyethoxystyrene, p- or

m 1- met hoxyet hoxystyrene, p- or m1-n- but oxyet hoxystyrene, p- or
m 1-i sobut oxyet hoxyst yrene, p- or - 18 -

m 1- (1, 1- di et hyl et hoxy) - 1- net hyl et hoxystyrene, p- or 10

m 1- (1, 1- di et hyl et hoxy ethoxys%grene

- -1-(2- o
chIoroethoxy)et%%R?%%%r Rethe Tanas, 9f § tgrzgge%¥§Wﬂ%§ylBrefgfﬁglysﬁ?rene
p- or m1-ethox §y§?993n8 QVLStTQéy$§y&§E t%b 85 to improve, the ma

m 1- n- pr opoxyet -N-piro oxyethoxystyrene

p- or m1- 15 fth§¥9£ PYXY gyggﬂ%roﬂllﬁé H?iagFEmﬂéyB!teégbihfasaewh@h

or p-1- nethoxycyc exy oxys yreéne, etc possi ble to use p-
or m hydroxy-a- Hgéay5§t¥r68§ymer cofpbdahktVvea BavbBésthfatagBaprotective

groups as the p- hydr oxystyrene derivatives nentioned above. 20
Exanpl es of She nononer h&kbmﬁlb&eoED&mﬁﬁbolymeunbE ahet Ipxrefsemtul a [ 4] are
nononers having a phenolic hydr oxyl group, for exanple, p- or

m vi nyl phenol , pnvention hekydgoxgpeattdnhbyusiysené, tbec formula [1] are
Exanpl es of the nononer having the nononer 25 unit of the fornmula [5] are

styrene, a-nethgbsfoiléows:p- chl orostyrene, o-, m or p-nethylstyrene,
o-, m or p- nethoxistyrene - n- butilstyre g et hoxystyrene, m or
p- 1- met hyl cycl onekyiBx{dryeshexyml -Betpyiethoxry)styrene/p=

hydroxystyrene],

10 poly[p—(1—benzyloxy—1-methylethoxy)styrene/p-
hydroxystyrenel],
boly[p—(l-ethoxyethoxy)styrene/p—hydroxystyrene],
poly[p-(l-methoxyethoxy)styrene/p—hydroxystyrene],
poly[p-(l-n-butoxyethoxy)styrene/p-hydroxystyrene],

15 poly[p-(l,1-dimethylethoxy)—l-methylethoxystyrene/p—
hydroxystyrene],
poly[p-(1l-methoxy-1l-methylethosy)styrene/p-
hydroxystyrene/styrene],
poly[p-(1-methoxy41-methylethoxy)styrene/p—

20 hydroxystyrene/p-chlorostyrene],
poly[p—(l-methoxy-l-methylethoxy)styrene/p-
hydroxystyrene/p-methylstyrene],
poly[p-(1—methoxy-1—methylethoxy)styrene/pé
hydroxystyrene/p-methoxystyrene],

25 poly[p-(l-methoxy-l-methylethoxy)styrene/p-
hydroxystyrene/p-tert-butoxystyrene],
poly[p-(1l-methoxy-l-methylethoxy)styrene/p-

hydroxystyrene/p-1l-methylcyclohexyloxystyrene],



- 17 - met hyl cycl opent yl oxystyrene, m or p-tert-butoxyétyreneh
m or p-tetrahydropyranyl oxystyrene, m or p-

t et r ahydr of ur anyl oxystyrene, m or p- met hoxycar bonyl oxystyrene, m or
p- 5 et hoxycar bonyl oxystyrene, m or p-

i sopropoxycar bonyl oxystyrene, m or p- - 19 sobutoxycarbonyl oxystyrene, nm
or p-tetra- but oxycar bonyl oxystyrene, m or p-isoanyl oxycarbonyl oxy

t , -lert- | b | t tert- 10 but
5 i nyl phenoxyetkie: (I meEHGRY s Eristvipthoa styrgpesm- 7 "

-vi nyl ph - | -
5ix;Pghgnggggg2§§§€§§%?%YgE%QYéggﬁégggﬁég?g}ﬁgﬁggﬁ§§35¥rene]'nethyIstyrene
dorlund oo ! A
tont | oned above p O EABLAURIL LLsERhI1 dtnoxy ) sifelibypEIC OOl hre O° B

net hyl nEthacrYHfdﬁbxyst¥r§ﬁQYb-ﬂ§656€6¥§é£fboﬁyf?%?%t9féﬂéFry|atE,

tert-butyl net hacryl ate, cycl ohexyl™ net hacry acryfonitrile,

etc. 5 poly[p+A(1heePhbxy®el-0néthPLePhERENEtyPEREYHON having 20
repeating units of the formula [1], a total of the nononer unit of the
formul a [3] andhydmeoxpsityreene/ip+isdpropokyeatbonyloxysStyréengleferably 10 to
90% by nole, nore referably 20 to 50% by nole, so-as to inprove heat
resi stance, admRe}¥EPresh-nethoxybbtmethybethosykstBehnesparity when used as
a polymer conpqnent in a resist mat eri al . The nononer

unit of the forXAZPXEFtycene/methyl Mmethaeryiatel} epeating units of the

formula [1
[1] poly[p-(1l-methoxy-1l-methylethoxy)styrene/p-

10 hydroxystyrene/tert-butyl methacrylate],
poly[p-(1l-methoxy-1-methylethoxy)styrene/p-
hydroxystyrene/cyclohexyl methacrylate],
poly[p-(1l-methoxy-l-methylethoxy)styrene/p-
hydroxystyrene/acrylonitrile],

15 poly[p—(1-benzyloxy-l-methylethoxy)styrene/p-
hydroxystyrene/styrene],
poly[p-(1l-benzyloxy-methylethoxy)styrene/p-
hydroxystyrene/p-chlorostyrene],
poly[p—(1-beﬂzyloxy—l-methylethoxy)styrené/p-

20 hydroxystyrene/p-methylstyrene],
poly[p—(1-benzy16xy—l—methylethoxy)styrene/p—
hydroxystyrene/p-ethoxystyrene],
poly[p-(1l-benzyloxy-1l-methylethoxy)styrene/p-
hydroxystyrene/p-tert-butoxystyrene],

25 poly(p-1-ethoxystyrene/p-hydroxystyfene/styrene),
poly(p-1-éthoxystyrene/p-hydroxystyrene/p-chlorostyrene),
poly(p-1-ethoxyethoxystyrene/p-hydroxystyréne/p—

methylstyrene),



- 18 - usually in the range of 0 to 25% by nole, preferably in t he
range of 0 to 15% by nole, so as to i-nprove the nmask linearity while
controlling a | owering of resolution when used as a pol yner conponent
in aresist material. 5 Exanpl es of the polyner of the present

i nvention having repeating units of the fordtul-a [1] are as foll ows:
pol y[ p- (1 -net hoxy-1-nmet hyl et hoxy) styrene/ p- hydroxystyrene] 10

pol v {1 Do S T S O L S0k oo SRS E0)

[ p-(
| 1- met h / p- hyd t ,
DL b 1 e bu e Eap %§%€é¥é?2ﬁefp At yont 15,
| 1,1-d t
Dy D 1 et nES LYt B Posod TR SNy S DESS) ¥ ﬁP&ﬁ@ﬁ yr?§¥2%2?ify¥éﬁ2f]

pol y[ p- (1- nethqmytﬁo @¥fg5g9xy)styrene/p- 20
hydr oxyst yrene/ p-chl or yrene]

pol y[ p- (1- mes hopyr ¢ pel hythbipeythdyy£b@réne/p-hydroxystyrene/p-
hydr oxyst yr ene/ p- met hyl st yrene],

pol y[ p-(1- nethoawhdxymmyménehpxy)styrene/p-
hydr oxyst yr ene/ p- met hoxyst yrene],
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-

butoxystyrene),
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-

10 methoxycarbonyloxystyrene),
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-
ethoxycarbonyloxystyrene),
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-
isopropoxycarbonyloxystyrene),

15 poly(p-l-methoxyethoxystyrene/p-hydroxystyrene/p-
isobutoxycarbonyloxystyrene),
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-
isobutoxycarbonyloxystyrene),
poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-

20 isoamyloxycarbonyloxystyrene),

. poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-
amyloxycarbonyloxystyrene),
poly(p-1—ethoxyethokystyrene/p-hydroxystyrene/pQ1-
methylcyclohexploxystyrene),

25 poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/methyl
methacrylate),
poly(p-1l-ethoxyethoxystyrene/p-hydroxystyrene/tert-butyl

methacrylate),



25 poly[p-(l-nethoxy-l-nethylethoxy)styrené/p-

hydr oxyst yrene/ p-tert-but oxystyrene],

pol y[ p- (1- met hoxy- 1- net hyl et hoxy) st yr ene/ p-

hydr oxyst yrene/ p- 1- met hyl cycl ohexyl oxystyrene],

- 19 - pol y[ p- 1-met hoxy- 1- net hyl et hoxX33) st yr ene/ p-

hydr oxyst yrene/ p- tetrahydropyranyloxystyrene] :
pol y[ p- (1- nethox thox

hydr oxyst yr ene/ Bt ¥68uioé gg?%ﬁ §§§¥§?5ﬁé?'hydﬁoxYStYrene/CYCIOhexyl
pol y[ p- (1- nethogg ﬁagg%fgkg hoxy)styrene/p-

hydr oxyst yrene/ p-1s0 poxycar bonyl oxystyrene],

pol y[ p- (1- netho§51§(ﬁBibf£ﬁgggé¥ﬁ§§ygg §éﬁeé hydr oxyst yr ene/ net hyl
met hacryl at e] hoxy- yl et hoxy) styrene/ p- 10

hydr oxyst yr ene/ hpdtoRys¥réRtpaeryl shetrile),

pol y[ p- (1- net hoxy- 1- et hyl et hoxy) st yr ene/ p- hydr oxyst yrene/ cycl ohexyl
“nmet hacryl at e, poly(pelyhethdxpethoxystyrehbypehhdxypxgbyyeanépstyrene),
hydr oxystyrene/ acrylonitrile], 15

pol y[ p- (1- benzypoky(n-hﬁmhyhexhety¢8ygtgnenp/p—hydrhygsbxysngrpﬁe/styrene],
pol y[ p- (1- benzyl oxy- et hyl et hoxy) st yrene/ p-

hydr oxyst yr ene/ pethybstgrenede] ,

pol y[ p- (1- benzyl oxy- 1- et h Iethox )styrene/p- 20
hydroxystyrene/BP%¥§Hy¥ST?¥Bﬂ§¥et oxyspprgne/p-hydroxystyrene/m-

p- (1- benzyl oxy- 1 gﬁyfg{;}&géyzstyrene/p-

10 poly(p-l-methoxyethoxystyrene/p-hydroxystyrene/p-
chlorostyrene),
poly(p-l-methoxyethoxystyrene/p—hydroxystyrene/p—
methoxystyrene),
poly(p-l-methoxyethoxystyrene/p-hydroxystyrene/p-

15 ethoxystyrene),
poly(p-1-methoxyethoxystyrene/p;hydroxystyrene/p-tert-
butoxystyrene),
poly(p-l-methoxyethoxystyrene/p-hydroxystyrene/p-1-
methylcyclohexyloxystyrene),

20 poly(p-l-methoxyethoxystyrene/p-hydroxystyrene/methyl
methacrylate), _
poly(p-1-methoxyethoxystyrene/ﬁ-hydroxystyrene/tert—butyl
methacrylate),
poly(é-1-methoxyethoxystyrene/p-hydroxystyrene/cyclohekyl

25 methacrylate), | .
poly(p-1l-methoxyethoxystyrene/p-
hydroxystyrene/acrylonitrile),

poly(p-l-n-butoxyethoxystyrene/p-hydroxystyrene/p-n-



hydr oxyst yr ene/ p- et hoxyst yreneJd,

pol y[ p- (1- benzyl oxy- 1- et hyl et hoxy) st yr ene/ p-

hydr oxystyrene/ p-tert-but oxystyrene], 25

pol y(p- I -ethoxystyrene/ p- hydroxystyrene/styrene),

pol y(p- 1- et hoxyst yrene/ p- hydr oxyst yr ene/ p- 22 of ost yr ene),

pol y( p- 1- et hoxyet hoxyst yr ene/ p- hydr oxyst yr ene/ p- nmet hyl styrene),
- 20 - polg(g-l-ethoxyethoxystyrene/p-hydroxystyrene/n}
met hyl st yr ene) , PUtylsEBrePBI1- et hoxyet hoxyst yr enel p- hydr oxyst yr ene/ p-

th t : I -1-eth th t [Rp-h / p-
Ly 0 sonsToE8 LBk BB MR,
Egtﬁéiizg:ggﬁii8§§§P§§§%é¥gh£3§thoxYethoXYstyrene/p-hydrOXYStyrene/p- 10

p0|Y(p'l'ethoxygbﬁ?{pﬁkirQOQERQQHQEQ%Hﬁk&OeﬂehﬂthYIethoxy]styrene/p—
et hoxycar bonyl oXySstyreney, '

pol y( p- 1- et hgxyRyA¥%FEY;2BaEp mhEtROXTEL ERaL]
| sopr opoxycar bonyl oxystyrene), 15

pol y( p- 1- net hoxpelfpy$ily leddémpthydethpxy)-draerhylethoxystyrene/p-
| sobut oxycar bonyl oxystyrene),

pol y( p- 1- et hoxybyldrogrystyeeaey okpetby\ sttyrene/)p-

| sobut oxycar bonyl oxystyrene),
poly[m-1-(2-chloroethoxy)ethoxystyrene/m-
hydroxystyrene/styrene],

10 poly[m-1-(2-ethylhexyloxy)ethoxystyrene/m-
hydroxystyrene/m-methylstyrene],
poly[p-(1-methoxy—1-methylethoxy)-a—methylstyrene/p-'
hydroxy-a-methylstyrene/styrene],
poly[p-(1l-ethoxy-1-methylethoxy)styrene/p-

15 hydroxystyrene/p-methylstyrene],
poly(p—1-n-propoxyethoxystyrene/p-hydrbxystyrene/p-
methoxystyrene),
poly[p-(l-methyl-1l-n-propoxyethoxy)styrene/p-
hydroxystyrene/p-methylstyrene],

20 pdly(m—1-ethoxypropoxystyrene/m—hydroxystyrene/m-tert-
butoxystyrene),

-poly(m-1-ethoxypropoxystyrene/m—hydroxystyrene/p-
methylstyrene), '
poly[m-(1l-methoxy-1-methylethoxy)styrene/m-

25 hydroxystyréne/m—tert-butoXystyrene],
poly(p-1-ethoxyethoxystyrene/p—hydroxystyrene/p—
tetrahydrbfuranyloxystyrene),

' poly(p-1—ethoxyethoxystyrene/p?hydroxystyrene/p-



pol y(p- 1- et hoxyet hoxyst yrene/ p- hydroxystyrene/ p- 20
| soanyl oxycar.bonyl oxystyrene),

pol y(p- 1- et hoxyet hoxyst yr ene/ p- hydr oxystyrene/ p-tert-
anyl oxycar bonyl oxyst yrene),

pol y( p- 1- et hoxyet hoxyst yr ene/ p- hydr oxyst yf e22/ p- 1-
nmet hyl cycl ohexpl oxystyrene), 25

pol y( p- 1- et hoxyet hoxyst yrene/ p- hydr oxyst yr ene/ et hyl nmet hacryl ate),
poIy(p-l-ethoxyé?ﬁ6?§§§§FEWEF55ﬂ§H§6¥%§¥%¥§ne/tert-butyl met hacryl at e),

a1 at ) PR R RS R OB

hydr oxystyrene/ acryl onitri
poly(p-l-nethoxsﬁF%'x§§¥§¥%ﬁ%?3?ﬁ§§ﬁ§%ﬁ§%ﬁ%ﬁmﬂstyrene),

pol y( p- 1- net hoxyet t jﬁﬁgr Eﬁﬁ’ _ RRidnd A1 Weane) |

pol y( p- 1- net hox%’gtlﬁ’g%étﬁ%g‘% y _Poxyﬂst yr ene/l‘ir?“rdroxys et hyI/?t yrene), 10
pol y( p- 1- met kox yeiterepesirtoRial @RS, YT ene/ p- chl orostyrene),

pol y( p- 1- net hoxyet hoxyst yr ene/ p- hydr oxyst yr ene/ p- met hoxyst yr ene),

pol y( p- 1- et hox yellkapyai-etimyd thbuyststnare)phydroxystyrene/p-tert-

butoxycarbonyloxystyrene),
poly[p-(1l-methoxy-l-methylethoxy)styrene/p-
hydroxystyrene/p-tert-butoxycarbonyloxystyrene],

10 poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/tert-butyl
p-vinylphenoxyacetate),
poly(p-l-methoxyethoxystyrene/p-hydroxystyrene/tert-butyl
p-vinylphenoxyacetate), |
poly(p-1l-methoxyethoxystyrene/p-hydroxystyrene/1-

15 methylcyclohexyl p-vinylphenoxyacetate),
poly(m-1l-ethoxyethoxystyrene/m-hydroxystyrene/m-tert-
butoxycarbonyloxystyrene),
poly(m-1-ethoxyethoxystyrene/m—hydroxystyrene/m-tert-
butoxystyrene), | _

20 poly(m—1—methoxyethoxystyrene/m-hydroxystyrene/m-tert—
butoxystyrene), and
poly(p-1-methoxybutoxystyrene/p-hydroxystyrene/styrene);

Needless to say, the examples are not limited
to those mentioned above.

25 The polymer of the present invention having
repeating units of the formﬁla [1] can easily be
obtained, for example, by the following processes a) to

d).



15 et hoxystyrene),
pol y( p- 1- met hoxyet hoxyst yrene/ p- hydr oxystyrene/ p-tert- but oxystyrene),
pol y( p- 1- net hoxyet hoxyst yr ene/ p- hydr oxyst yr ene/ p- 1-

met hyl cycl ohexyl oxystyrene), 20

pol y(p- 1- met hoxyet hoxyst yr ene/ p- hydr oxyst yr @de/~net hyl nmet hacryl ate),
pol y( p- 1- met hoxyet hoxyst yr ene/ p- hydr oxystyrene/tert-butyl

nmet hacryl ate), :

pol y( p- 1- net hoxya) hoRx@eeeRnk/ p- hydr oxyst yr ene/ cycl ohexyl 25

met hacryl ate), pol y(p- 1- net hox etgox st¥reneig-

hydr oxyst yrene/ acryl oni t ri fefionomer of the tormula:

pol y( p- 1- n- but oxyet hoxyst yr ene/ p- hydr oxyst yr ene/ p-n-

- 22 - butyl styrene),

pol y(p- 1-i sobut oxyet hoxyst yr ege/ p- hydr oxyst yr ene/ o- met hoxystyrene),
pol yp [(1,1-dinethylethoxy)-11nethylethoxy]styrene/p- 5

hydr oxyst yr ene/ m nmet hoxystyregek, cH

pol y[ p- (1, 1- di net hyl et hoxy) - 1{net hyf et hoxyst yr ene/ p-

hydr oxyst yrene/ o- met hyl st yr eng

pol y[ m 1- ( 2- chl or oet hoxy) et yrene/ m hydr oxystyrene/ styrene], 10
pol y[ m 1- ( 2- et hyl hexyl oxy) et tyr GHg/ m ¥6]
. |
0-C-CH,
|
CH,

wherein R! is as defined above, and a monomer of the

formula:

C = CHZ o | [7]

5 wherein R? and R® aré as defined above, are polymerized
in the presence'of a living anion polymerization
initiator in an anhydrous organic’solQent in a stream of
nitrogen or argon at -80°C to 0°C for 0.5 to 10 hours.

As the living anion polymerization initiator, there can
10 be used n-butyllithium, sec-butyllithium, tert-
butyllithium, nabhthalene potassium, cumyl potassium,
etc. As the oranic solvent, there can be used benzene,
toluene, ethyl ether, 1,2-dimethoxyethane,
tetrahydrofuran, cyclohexane, n-hexane, tetrahydropyrane,

etc.



~hydroxystyrene/ m net hyl styrene],

pol y[ p- ( 1- net hoxy- 1- et hyl et hoxy) - a- net hyl st yr ene/ p-

hydr oxy- a- met hyl st yrene/ styrene],

pol y[ p- (1- et hoxy- 1- net hyl et hoxy) styrene/ p- 15

hydr oxyst yr ene/ p- met hyl styrene], - 25 -

pol y( p- 1- n- pr opoxyet hoxyst yr ene/ p- hydr oxyst yr ene/ p- met hoxystyrene),

ol -(1- et hyl - 1- n- propoxyet hqgx renel/ p-
Eydyggygtyreneyp-nethSISF %fﬁ%;féaglodjis stopped by pouring

Dol y(m 1. ot hoxy BPSRERYT, Y ERET RECHREY TkEe epThbhel by, gy Bl %’%Sf?}“aine)
pol y[ m (1- met hoxya b3 EQ&E%EQQX¥L§EFB§Q%EWE cbpolymer having repeating

hydr oxystyrene/ mtert-butoxystyrene

pol y(p- 1- et hoxyghBesy ey tpaeBrindaexyst yrene/ p-.
t et rahydr of ur anyl oxystyrene),

pon(p 1- et hoxyet hoxyst yr ene/ p- hydr oxyst yr ene/ p-
t et rahydr opyr anyl oxystyrene),

poly(p 1- met hoxyet hoxyst yr ene/R3- hydr oxyst yB%ne/ p-

t et rahydr opyr anyl oxystyrene), |

pol y( p- 1- et hoxyet hoxyst yr end 22 hy(ﬂﬁa‘)yst‘(yr@ne/@ztém 5
but oxycar bonyl oxyst yrene),
pol y( p- 1- met hoxyet hoxyst yre ydroxystﬁ?ene/p tert- [8l

CH,
|

CH,

5 wherein R!, R?, R® and k are as defined above; and e is an
integer of 1 or more, provided that 0.75 < e/(k + e) <
0.99. -

Then, the copolymer is reacted with an acid in
an oranic solvent at 30° to 110°C for 1 to 20 hours to
10 eliminate the functional group of tert-butyl group
completely. As the organic solvent, there can be used
‘tetrahydrofuran, acetone, methanol, ethanol, isopropanol,
n-propanol, n-butanol, sec-butanol, tert-butanol, 1,4-
dioxane, 1,3-dioxolane, etc. As the acid, there can be
15 wused an inorganic acid such as sulfuric acid, phosphoric
acid, hydrochloric acid, hydrobromic acid, efc. and an
organic acid such as a Lewis acid, p-toluenesulfonic
acid, malonic acid, oxalié'acid, etc.
After the reaction, the resulting

20 hydroxystyrene copolymer having repeating units of the



but oxycar bonyl oxyst yrene), pol y[ p- (1- met hoxy- 1- met hyl et hoxy) st yr ene/ p-
hydr oxyst yrene/ p-tert - but oxycar bonyl oxystyrene], 10

pol y( p- 1- et hoxyet hoxyst yrene/ p- hydr oxystyrene/tert-butyl

p- vi nyl phenoxyacet at e)

pol y( p- 1- net hoxyet hoxyst yr ene/ p- hydr oxyst yr26e+t ert - but yl

p- vi nyl phenoxyacet at e) , _

pol y(p- 1- met hoxyet hoxystyrene/ p- hydroxystyrene/l- 15 et hyl cycl ohexyl

p- vi nyl phenoxyad@rudya:

pol y(m 1- ethoxyethoxystyrene/n}hydroxystyrene/n}tert-

but oxycar bonyl oxystyrene),

pol y(m 1- et hoxyet hoxyst yrene/ m hydr oxystyrene/ mtert- - but oxystyrene),
20 poly(m 1- met hoxyet hoxystyrene/ m hydr oxystyrene/ mtert-

but oxystyrene), and R R?

pol y(p-1- nethoxybutoxystyrene/p hydroxystyrepe/styrene)

Needl ess to say, the exanples @r€ CHf-Y+#-ted - CH,-)¢ t hose nentioped
above. 25 The pol yper of t he present i nventi on havi ng
repeating units of the fornmulz~l] can easiIRf be obt ai ned, for
exanpl e, by the follow ng pr tes a) to d).
- 24 - a) Process-1 A mononer of the formul a: .
OH

wherein R!, R?, R%, e and k are as defined above, is
isolated by a convention after-treament.
The resulting copolymer is reacted with a

5 wvinyl ether or an isopropenyl ether of the formula:

R3
| ; '
R° - 0-C = CH, [10]

wherein R® and R® are as defined above, in an organic
solvent in the presence of a catalyst at 10° to 100°C for
1 to 30 hours to chemically introduce the functional
group of the formula [2] into the copolymer.  As the

10  organic solvent, there can be used tetrahydrofuran,
acetone, methyl ethyl ketone, methyl isobutyl ketone, 2-
heptanone, 1,4-dioxane, 1,3-dioxolane, methylene
chloride, 1,2—dimethoxyethane, ethyl ether, gthyl
acetate, propylene giycol monomethyl ether acetate, etc.

15 As fhe catalyst, there can be used sulfuric acid,

hydrochloric acid, oxychlorophosphorus, p~toluenesulfonic



[err] wherein RL is as defined abbve,'and a nononer of the

fornmul a: o Jerr] 5 wherein R err] and Rlerr] are as defined above,
are polynerized in the presence of a living anion polynerization
initiator in an anhydrous organic solvent in a stream of nitrogen or
argon at -80[err]Cto O[err]C for 0.5 to 10 purs. As the living anion
polyneri zation initiator, there can 10 be used n-butyllithium
sec-butyllithium tert- butyl lithium naphthal ene potassium cunyl
pot assi um egcidjs chiorosmiifondol wedd, «t pyrdddne Salysecsuddurdgeacid
tol uene, ethyl ether, 1,2-dinethoxyethane, t et r ahydr of ur an, :
cycl ohexane, n- hex @yeidiaer saldropyiteduenesulfppic acid - pyridine salt,
etc.

. The resulting copolymer is subjected to a
5 conventional after-treatment to isolate the polymer
having repeating units of the formula [1].
b) Process-2
After polymerizing a monomer of the formula
[6] in the same manner as described in the Process-1, the
10 resulting homopolymer having repeating units of the

formula:

Rl
|
——( (|: - CH, )a—-—
?Hs (111
O-C‘-CH3
CH,

wherein R! is as defined above; and d is an integer of 1
or more, is isolated by a conventional after-treatment.
Then, the hémopolymer is reacted with an acid
15 din an organic solvent at 30° - 100°C for 1 to 10 hours to
eliminate the functional group of tert-butyl group. As
the organic solvent, there can be used tetrahydrofuran,
acetone, 1l,4-dioxane, 1,3-dioxolane, methanol, ethanol,
n-propanol, isopropanol, n-butanol, sec-butanol, tert-

20 Dbutanol, etc. As the acid, there can be used an



- 25 - The pol ynerization is stopped by pouring

net hanol, water, or the like, followed by a conventional

after-treatnment to isolate a copol ynmer having repeating units of the
formula: - . [err] 5 wherein Rerr], Rerr], Rerr] and k are
as defined above; and e is an integer ofsd or nore, provided that 0.75
[err] e/(k + e) [err] 0. 99. ' Then, the copolyner is
reacted with an acid in an oranic solvent at 30 to 110[err]C for 1 to
20 hours to 10 iebrgandte adid suwcht esnsulduripe atiter phbsphordcoagid,
conpletely. As the organic solvent, there can be used t et rahydr of ur an,
~acet one, net hanohydsoehioric esidopaydirobromig pcddanelte.n- bat anolorganic
sec-butanol, tert-butanol, 1,4- di oxane, 1, 3-di oxol ane, etc. As the
acid, there can B&1d15uGhe@sap LEYi§amCddacPotodupngsudfrpir acidi.d,
phosphoric aci ¢, hydroc Ioriclgcid, drobrom c acid, etc. and an

organi c aci d suchex9TE &R 253G 15 n&&I*f oni ¢ acid, malonic
acid, oxalic acid, etc. fi.er. the.reacti .the resulting 20

- hydr oxystyrené& copol yner haﬁﬁ‘hegr rt_e eeaﬁé%r%tlfrﬂ’t ECh(ﬁ %Cehsé‘,&rhng]

hydroxystyrene copolymer having repeating units of the

formula:

CH, [12]

wherein R!' and k are as defined above; andif =m+ n, is
isolated by a conventional after-treatment.

10 After introducing the functional group of the
| formula [2] into the copolymer in the same manner as the
Process-1, the resulting copolymer is éubjected'to a
conventioal after-treatment and the polymer having

repeating units of the formula [1] is isolated.
15 c) Process-3 '
| After polymerizing a monomer of the formula

[6] or a monomer of the formula:



- 26 - formul a: [err] Mme1NéHL Rerr],

Rlerr], e and k are as defi ned above, is | sol ated by a convention
after-treanent. The resulting copolynmer is reacted with a 5
vinyl ether or. an i sopropenyl ether of the fornula: [err]
wherein R3 and R5 are as defined above, in aggaorganic solvent in the
presence of a catalyst at 10[err] to 100[err]C for 1 to 30 hours to
chem cally introduce the functional group of the fornmula [2] into the
copolyner. As the 10 organi c Rolvent, there can be used tetrahydrofuran,
acetone, nethyl ethyl ket one, Inet hyl | sobutyl ketone, 2- hept anone,
1, 4-di oxane, 1, 3-di oxol ane, Iy I“ehe
[13]
0-C-CH,
o
0

wherein R! is as defined above, in the same manner as
described in the Process-1, the resulting homopolymer
having repeating units of the formula [11] or repeating

units of the formula:

R1
P NG
[14]

O-C—CH3

5 wherein R! is as defined above, is isolated by a

conventional after-treatment.
| Then, the resulting homopolymer is reacted in

a solvent in a nitrogen stream in the presence of a
suitable base or acid at 10° to 70°C for 0.5 to 10 hours

10 +to eliminate the functional group of tert-butyl group or
acetyl group, completely{ As the solvent, there can be
used tetrahydrofuran, 1,4-dioxane, 1,3-dioxolane,'ethy1
acetate, methanol, ethanol, n-bropanol, isopropanol, n-

butanol, sec-butanol, water, etc. As the base, there can



chl oride, 1,2-dinmethoxyethane, ethyl ether, ethyl | acetate, propylene

gl ycol nononethyl ether acetate, etc. 15 As the catalyst, there can be

used sul furic acid, hydr ochl ori ¢ acid, oxychl orophosphor us,

p-t ol uenesul foni c - 27 - ~aci d,
chl orosul fonic acid * pyridine salt, sul fugBpc-acid pyridine salt,
p-tol uenesul fonic acid * pyridine salt, etc. ' The

resul ting copolymer is subjected to a 5 conventional after-treatnment to

i sol ate the polBerstsed aldewlhdw@mai@@ sueh | fsediun hydrexids,.

Process-2

pol ynmeri zing a nononer, of the formula

in the sanme narﬂfé‘iasa%i%w¢’£@@4?v e £ (ﬁ:’é%%lji cq:q:{.pnaf@q W i3]
h ! h L ts of the
wher o n Reerr TR SRS Aot conitiqfgigtey: prmonte [

10

15

20

water; organic amines such as hydroxylamine,
triethylamine, N-methyl-2-pyrrolidone, piperidine, etc.:;
tetraalkylammonium hydroxides such as tetramethylammonium
hydroxide, choline, etc. As the acid, there can be used
an inorganic acid such as sulfuric acid, hydrochloric
acid, phosphoric acid, hydrobromic acid, etc. and an
organic acid such as a Lewis acid, p-toluenesulfonic
acid, malonic acid, oxalic acid, etc.

After the reaction, a hydroxystyrene polymer

havng repeating units of the formula:

RI
I
—¢ C - CHy—)r

[15]
OH

wherein R! and d are as defined above, is isolated by a
conventional method. |

After introducing the functional group of the
formula [2] into the homopolymer in the same manner as
described in the Process-1, the polymer having repeating
units of the formula [1] is isolated by a conventional

after-treatment.

b)

[ 6]
r]



or nore, is isolated by a conventional after-treatnent. Then,
the honopol yner is reacted with an acid 15 jn an organic. sol vent at

30[err] - 100[err]Cfor 1 to 10 hours to elimnate the functional group
of tert-butyl group. As t he organi c solvent, there can be used '

t et rahydr of ur an, acetone, 1, 4-di oxane; 313~-di oxol ane, nethanol,

et hanol , n- pr opanol , isopropanol, n-butanol, sec-butanol, tert- - 20

but anol , etc. Aﬁ the acid, there can be used an
- 28 - i noPdanf&O5ES§ 4uch as sul furic acid, phosphoric acid,
hydrochl oric acid, hydrobrgmc acid C. ..Q[ an_organi c .acid.such as a
Lew s acid, p-toluenesul fo%%%é%:‘?ocfdlﬁﬁernar}a&ﬂi raeélaega, lo%l‘f%l%sci%t: é%%. 5
After the reacti the rhesuldivlg 1Y X BHoWRE I ¥ | 4
repeating uni tslf_(g))?mtulgfgl I:l%ﬁf gtrblrrel% g:ed * CU(%'X i_er r;,]Cq_I%Or %ﬁeér&;wr%r{%[ earnr]
and k are as dehigagd FQVerotetting Bhe hydroxyl drdp) are@mP%ranic
conventional after-treatnent.

5 solvent in the presence of a base at 10° to 100°C for 0.5

to 30 hours. As the organic solvent, there can be used
tetrahydrofuran, 1,4-dioxane, ethyl acetate, methyl ethyl
ketone, acetone, methylene chloride, 1,3-dioxolane,
methanol, ethanol, n-propanol, isopropanol, n-butanol,

10 sec-butanol, tert-butanol, etc. As the base there can be
used alkali hydroxides such as sodium hydroxide,
potassium hydroxide, etc.; alkali carbonates such as
sodium carbonate, potassium carbonate, etc.; ammonia
water; organic amines such as hydroxylamine,

15 triethylamine, N-methyl-2-pyrrolidone, piperidine, etc.:;
tetraalkylammonium hydroxides such as tetramethylammonium
hydroxide, choline, étc; As the agent for pfotecting the
hydroxyl group, there can be used dialkyl dicarbonates
such as di—tert-butyl dicarbonate; alkyl chlorocarbonates

20 such as methyl chlorocarbonate; 2,3-dihydrofuran, 2,3-
dihydropyran, tert-butyl monochloroacetate, 1-
methylcyclohexyl monochloroacetate, isobutene, dimethyl
éulfate, methyl iodide, chlorinated 1l-methylocyclohexyl,
etc. After the reaction, there can be obtained a polymer

25 having repeatinglunits of the formula [9] by a
conventional after-treatment.

The resulting polymer is subjected to the

introduction of the functional group of the formula [2]



10 After ‘i ntroducing the functional group of the formula [ 2]

into the copolyner in the same manner as the Process-1, the resulting
copolymer is subjected to a conventioal after-treatnent and the pol yner
havi ng repeating units of the formula [1] is isolated. 15 ¢c)
Process-3 After polynerizing.aggoponer of the formula

[6] or a nononer of the formula: --29 -
[err] wherein R err] is as defined above, in the same nanner as

descri bed in theifr whes sane manness @s idegdrdiedoliynihe Prioeessg lr,epeat i ng
units of the fornula [11] or repeating units of the fornul a:

followed by a conventional after-treatment to isolate the
polymer having repeating units of the formula [1].

Apart from the polymerization using a living

5 anion polymerization initiator in the'Process-l, the
polymer having repeatng units of the formula [1] can also
be obtained by radical polymerization using é
conventional peroxide polymerization initiator or an azb
polymerization initiator, followed by repeat of
10 reprecipitation of the polymer so as to narrow the

molecular weight distribution, and the same treatment as
in the Process-l.

When the'polymer having repeating units of the
formula {1] is used in a resist material, a preferable

15 polymer has repeating units of the formula:

R! R! R?
l
— C - CH, 95— C - CH, )¢ C - CH,—¢ [1]
N
R? |
]
0-C-OR® H
e

wherein R' and R? are independently a hydrogen atom or a
lower alkyl group; either one of R® and R* is a hydrogen
atom or an lower alkyl group and the rest of R® and R! is
a lower alkyl group; R® is a lower alkyl.group; R® is a

20 phenyl group substituted with'a lower alkyl group, a



[err] 5 wherein Rerr] is as defined above, is isolated by a
conventional after-treatnent. Then, the resulting honopol yner
is reacted in a solvent in a nitrogen streamin the presence of a
suitabl e base or acid at 10[err] to 70[err]C for 0.5 to 10 hours 10 to
elimnate the functional group of tert-but gYroup or acetyl group,
conpletely. As the solvent, there can be ~used tetrahydrofuran,

Loa-dioxane, 143 diouolage o8blY, or aBSEARC pe RIS HANGER-co-

n- pr opanol , i sopropano ol nol , watér, etc. As the

base, there cafcy,) -0- (in which R®? is a lower alkyl gtbup; j iP€zés&d

al kal i hydr oxi desz)s’uch és?'nsgdill?m hydrloxi de, v pot%ssgr)iﬁjbm%yd]r oJ>'<i de, etc.;
al kal i carbonapesapughtager ofsagi;Um aadbaNake iRAePERdeMtls’ RANIntegirC. ;
anmoni a wat er; organic am nes such as hydroxyl am ne, 5 triethylam ne,
N- et hyl - 2- pyr @l Ldepemopepeki dsngeret &r; an integeaablfy 1awaomowa, hydr oxi des
such as tetranet hyl ammoni um hydr oxi de, choline, etc. As the acid, there

can be used5 prewidedr ghaitcOadi ¢ fwch k9 /{wl fruni ¢ kJi & OhPdeadhiOos ¢
aci d, phosphoric acid, hydrobromc acid, etc. and an 10 organic acid such
as a Lewi s aci B/(p- tohuen&Iulsf Ories . acid, malonic acid, oxalic acid,

etc. After the reaction, a hydroxystyrene polyner
The weight-average molecular weight of the polymer

having repeating units of the formula [l1] is not
particularly limited so long as the polymer can be used
10 as a resist material. Preferable range is a weight-
average molecular weight (Mw) of about 1000 to about
30,000, more preferably about 2000 to about.ZSOOO, when
measured by gel-permeation chromatography (GPC) using
polystyrene as standard. The ratio (Mw/Mn, Mn=number-
15 average molecular Weiéht), that is, the degree of
dispersion, should be 1 or more and less than 1.5. In
order to make the dissolution rate into the developer at
the exposed area at the time of development more uniform,
and as a result to make sidewalls of pattern more smooth,
20 the degree of dispersion of 1 to 1.3 is preferable, and
the degree of dispersion of 1 to 1.2 is more preferable.
When two or more polymers having repeating
units of the formula [1l] with a small degree of
dispersion are mixed as a polymer component in a resist
25 material, the proportion of the polymer having the
largest weight-average molecular weight is preferably 30
to 99% by weight, more preferably 30 to Bo%lby weight, in

order to obtain better heat resistance, mask linearity



havng repeating units of the formul a: [err] wherein Rlerr]
and d are as defined above, is isolated by a 15 conventional nethod.

After introducing the functional group of the formula [2] into the
honmopol ynmer in the sane manner as described in the Process-1, the
pol yner having repeating units of the foggula [1] is isolated by a

conventi onal

20 after-treat ment. -

31 - - d) Process-4 ' The honopol ynmer havng repeating

units of the

anfloprokdmity| edlfeaitned in the Process-3 is reacted with an

agent for protecting the hydroxyl grop in an organic 5 solvent in the
presence of a base at 10[ erfhe mesicy Materimdy of Fhe preserdp imy@ntions the

or gani ¢ sol vent, :
acetate, nethyl EPRprises t

1, 3-di oxol ane,

5

10

15

20

t here can be used - tetrahydrofuran, 1,4-di oxane, ethyl
Be: BRI TneT. PONIoNERPRENR HPGTReE the

formiia"319 with"2h2' el al spes8R6RPERY of- Ridkano! .
and less than 1.5, and a phofoaqid generator which
generates an acid when exposed to actinic radiation. The
resist material is generally used in a state of a varnish
dissolving the polymer in a solvent.

As the photoacid generator, there can be used
any substances which can generate an acid upon exposure
to actinic radiation and do not give bad infiuence for
resist pattern formation. Preferable photoacid
generators are those which can maintain high transparency
of the resist material due to good light transmittance
particularly near 248.4 nm, or those which can enhance
light transmittance near 248.4 nm by exposure to light
and can maintain high transparency of the resist
material. Preferable éhotoacid generators are compounds
of the formulae [16], [17], [18], [20], [21] and [22]

mentioned below:

RR-8-C-~-2 ~-R® . [16]

wherein R® and R’ are independently an alkyl group, a

haloalkyl group, or an aralkyl group; Z is -CO- or -SO,-;



10 sec-butanol, tert-butanol, etc. As the base there can be used

al kal i hydroxi des such as sodi um hydr oxi de, ' pot assi um hydr oxi de, etc.;
al kali carbonates such as sodi um car bonat e, potassium carbonate, etc.;
anmoni a wat er; organi c am nes such as hydroxyl am ne, 15
triethylam ne, N-nethyl-2-pyrrolidone, pinperdgline, etc.; '

t et raal kyl anmoni um hydr oxi des such as tetranet hyl anmoni um hydr oxi de,
choline, etc. As the agent for protecting the . hydr oxyl group, there
can be used dial kyl dicarbonate® such as di-tert-butyl dicarbonate;

al kyl chl orocarbonates 20 suchlbs met hyl chl orocar bonat e;

2, 3-di hydrof uran, 2, 3- RYihy®Irofyrarg 1 &'t-butyl nonochl or oacktBle, 1-
nethylcyclohexyl nonochloroacetdte sobut ene, di net hyl sul f at e,

met hyl iodide, chlorinated 1-netQyl dycl ohexyl etc. After the
reaction, there can be obtained a polynmer 25 having repeating units of the
formula [9] by a conventional after-treatnent. The

resul i g, POl YITel s IWDRESUSH d Pridiy grov WA e el el W° oA

group of the for
[n the same mENNgLratidesties: 1d kh B14esgrbup, o flﬁﬂd&a&qub)gzi\)up,
conventional after-treatnent to isolate the ~ polyner having repeating
units of the forgwW arslkyl group, or a pheayll biroupt khiphl yayr have onelusirng
aliving 5 anion polynerization initiator in the Process-1, the

more substituents; and Z is -CO- or -S0,-;

R ' o '
|
D O -85S - R? [18]
R14 . lo‘

5 wherein R*? is an alkyl group, a haloalkyl group or a
phenyl group which may have one or more substituents; R
and R* are independently a hydrogen atom, a halogen
atom, an alkyl group, a haloalkyl group or a group of the

formula:

-O-?-RH | | [19]

10 wherein R*? is as defined above;

o)
W
S-C-C-R7 [201
- | P :
o)

R15 () R15



pol ynmer having repeatng units of the formula [1] can al so be obt ai ned
by radical polynerization using a conventi onal peroxide polynerization
initiator or.an azo pol ynmeri-zation initiator, followed by repeat of 10
reprecipitation of the polyner so as to narrow t he nol ecul ar wei ght

di stribution, and the sanme treatnent as - 3¢ o the Process-1.

When the pol ynmer having repeating units of the formula [1] is used in a
resist material, a preferable 15 polynmer has repeating units of the

formul a: whereimrRY is a hydmhogennakpmird bhaliogenratom;ean alkyl

i ndependently a hydrogen atomor a  |lower alkyl group;, either one of
Rlerr] and R ergToue @rhgdhalenlkyl grewporRinisonmr akke)l ggevnp Bidishe

rest of Rlerr] and err] is | ower al kyl group; Rerr] is a | ower
al kyl group; R[%‘Pr?ﬂ%la‘!’r‘i’épph%n&‘e mﬁ@rg‘ﬁ%s‘t’?‘a‘?e‘ﬂa%lﬁ"% PRAPT SPRYF

group, a - 33 - | ower al koxy
group, or a groTPPBFLTWEFSr nOF 2R REPHFH FFOUP?F  (CHerr]-O (i n which
Rlerr] is a lower alkyl group; j is zero :
R19
I .
R'® - s® . R¥850,° [21]
L

5 wherein R'®, R and R?* are independently an alkyl group,
a phenyl group, an alkyl-substituted phenyl group, a
haloalkyl group or an aralkyl group:; aﬁd R is a
fiuoroalkyl group, a phenyl group, a haloalkylphenyl

group or a tolyl group; and

R24
Rz-"@ c - R® [22]
R25 l0‘ B

10 wherein R*, R?® and R* are independently a hydrogen atom,
an alkylsulfonyloxy group, a haloalkylsulfonyloxy group,

or a group of the formula:

29

- 0 - so, RE0 [24]

-y

R31

R® is an alkyl group or a group of the formula:



or an integer of 1); mand n are independently an integer of 1 or
nore; k is zero or an integer of 1 or nore, 5 provided that 0.1 [err] (m
+ k)/(m+ n + K) [err] 0.9 and O [err] kif(m+ n + k) [err] O0.25.

The wei ght - aver age nol ecul ar wei ght of the pol yner havi ng repeating
units of the fornmula [1] is not parti<8ardy limted so long as the
pol ymer can be used 10 as a resist material. Preferable range is a weight-
average nol ecul ar weight (My) of aboyf 1000 to.about 30, 000, nore

pref erably about 2000 to aboy 5008° when measur ed by gel - perneati on
chr omat ogr aphy (GPC) using gol ystyrene as standard. The ratiotgghdhh,
Mh=nunber- 15 average nol €y wei ght), that is, the degree of

di spersion, should be 1 or ndFe/and ess than 1.5. In order to make
the dissolution rate into the devel Oper at t he exposed area at the
time of devel opnent nore uniform and as a result to make sidewal I s of

pattern more snooth, 20 the degree of dispersion of 1 to 1.3 is

preferable, and jp whELEﬁ ﬁe'graf?ﬁi o8 dirsd efrideperifenit Iy &l hydrogen eatom, a
pref erabl e. When two or nore pol ynmers having repeatlng

units of .the forpghaokifl Wrohps ampblkgdgud€oniyloxy gdosperai on are nixed
as a polyner conponent in a resist 25 material, the proportion of the

pol ymer havi ng thaloalkyﬂsm@ébhy@emghgrauanag@ nogsoupapfw@hghﬁormula
preferably 30 to 99% by melgg Jore preferably 30 to 80@6by wei ght,
in order tol@4dai Anbahich REht Reand Rt carepindependently a

5 hydrogen atom, a halogen atom, an alkyl group or a
haloalkyl group.
In the formgla [16], the alkyl moiety in the
alkyl group and the haloalkyl group in the definition of
R® and R° is a straight, branched or cyclic alkyl group
10 preferably having 1 to 10 carbon atoms, for example, a
methyl group, an ethyl group, a n-propyl group, an
isopropyl group, a cyclopropyl group,.a n-butyl group, an
isobutyl group, a tert-butyl gioup, a sec-butyl group, a
n-pentyl group, an isopentyl group, a tert-pentyl group,
15 a l-methylpentyl group, a cyclopentyl group,'a n-hexyl
group, an isohexyl group, a cyclohexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, etc.
As the halogen in the haloalkyl group, there can be used
chlorine, bromine, fluorine and iodine. Examples of the
20 aralkyl group are a_benzyl group, a phenethyl group, a
phenylpropyl grﬁup, a methylbenzyl group, a
methylphenethyl group, an ethylbenzyl group, etc.
In the formula [17], the substituent for the

phenyl group in the definition of R and RY includes a



- 34 - ~ and proximty effect. The resist material of the

present invention . conprises the polyner having repeating units of the

formula [1] with the degree of dispersion of 1 or nore 5 and |ess than

1.5, and a photoacid generator which generates an acid when exposed to

actinic radiation. The resist materiakF B8 generally used in a state of

a varnish . di ssol ving the polyner in a solvent. As the
subsjy ance

phot oaci d generataqr, there can use 10, any whi ch can
generate an aci &%ﬁﬂ?@&%r%‘c astoc ’f’n‘?% R Ry %Jn‘bo’a’o“‘?\o?nﬁl ve bad

I nfluence for SISt at rnatl . 0 oac
~generators are t:'ﬁ) fa‘ﬁ’ ?%R ia(}gh %i]%gi e%P€$ ”f.}ﬁ resi st

material due to gqad ht l‘?é}?éa nm
or those which can e %ﬁ%:bfé transnlttance nearlgxg 4 nm

exposure to |igrererfdid, Gk rl.iah&; @ chBod rLOSRES efsy &taxa reél st
material. Preferabl e photoacid generators are conpounds the fornul ae
[16], [17], [cl8lmetmdAl .grdckid, aardl i1 Gbu@nta cqurckmlvpvgroup, an[err]
wherein R[err] and R[err] are independently an al kyl group, a hal oal kyl

“group, or an araddoprapyilmroup s a Ccloprdiiyrgifoyp, a n-butyl group, an

isobutyl group, a tert-butyl group, a sec-butyl group, a
n-pentyl group, an isopentyl group, a tert-pentyl group,
a 1-methylpentyl group, a cyclopentyl group, a n-hexyl

10 group, an isohexyl group, a cyclohexyl group, a.heptyl
‘group, an octyl group, a nonyl'group, a decyl group,
etc.; and an alkoxy group, either straight, branched or
cyclic, preferably having 1 to 6 cérbon atoms, for
example, a methoxy group, an ethoxy group, a n-propoxy

15 group, an isopropoxy group, a n-butoxy group, an
isobutoxy gfoup, a tert-butoxy group, a seq-butoxy group,
a n-pentyloxy group, an isopentyloxy group, a n-hexyloxy
group, an isohexyloxy group, etc. The alkyl moiety in
the alkyl group and the haloalkyl.group in the

20 definitionof RY includes straight,.branched and cyclic
alkyl groups preferably having 1 fo 10 carbon atoms, for
example, those mentioned above in the substituents for
the phenyl group. The halogen in the haloalkyl group
includes chlorine, bromine, fluorine and iodine. The

25 aralkyl group in the définition of RY includes, for
example, a benzyl group, a phenethyl group, a
phenylpropyl group, a methylbenzyl group, a

methylphenethyl group, an ethylbenzyl group, etc.



- 35 - [err] wherein R err] is a phenyl group which nmay have one
or nore substituents; Rerr] is an-alkyl group, a hal oal kyl group, . an
aral kyl group, or a phenyl group which may have one or nore
substituents; and Zis -CO or -SOerr]-; [err] 5 wherein R err]
is an al kyl group, a hal oal kyl group or a- 3%hRenyl group which nmay have
one or nore substituents; R err] and R err] are independently a hydrogen

ctom ahal ogen atom ap.alic 9 giba PABE P bl Roterd ToctBe”
: ' alkyl group and the haloalkyl group in the definition of
R*?, R and RY includes straight, or branched alkyl
groups preferably having 1 to 6 carbon atoms, for
5 example, a methyl-group; an ethyl group, é n-propyl
group, an isopropyl group, a n?butyl group, an isobutyl
group, a tert-butyl group, a sec-butyl group, a n-pentyl
group, an isopentyl group, a tert-pentyl group, a 1-
methylpentyl group, a n-hexyl group, an isohexyl group,
10 etc. The halogen in the haloalkyl group includes
chlorine, bromine, fluorine, and iodine. The substituent
for the phenyl group in the definition of R* includes a
halogen atom such as chlorine, bromine, fluorine and
iodine; an alkyl group or a haloalkyl group, either
15 straight, branched or cyclic, and the alkyl moiety
preferably has 1 to 10 carbon atoms, for example, a
methyl group, an ethyl group, a n-propyl group, an |
isopropyl group, a cyclopropyl group, a n-butyl group, an
isobutyl group, a tert-butyl group, a sec-butyl group, a
20 n-pentyl group, an isopentyl group, a tert-pentyl group,
a l-methylpentyl group, a cyclopentyl group, a n—hekyl
group, an isohexyl group, a cyclohexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, etc.
The halogen in the haloalkyl group includes chlorine,
25 bromine, fluorine and iodiné. Concrete examples of the
haloalkyl group are a trifluoromethyl group, é
trifluorcethyl group, a trifluoropropyl group, etc. The

halogen atom in the definition of R and R includes



[err]

- 36 - wherein Rerr] is a

hydr ogen atom a- hal ogen atom an al kyl group or a hal oal kyl group;
Rlerr] is an alkyl group; Rerr] is an al kyl group, a phenyl group which

may have one or nore substituents, or an aral kyl group; [err] 5
wherein Rlerr], Rerr] and Rerr] are indepdhdently an al kyl group, = a
phenyl group, an al kyl -substituted phenyl group, a hal oal kyl group or
an aral kyl group;.and Rlerr] i.s a fl.uoroal.,kyl .group, a phenyl group, a
hanaIkyIphenyl8h1°er80p£5Lmén?ol§FUSF685;a&ﬂdXOdgne‘ [err] 10 wherein
Rlerr], Rerr]

al kyl sul fonyl oxy group, a

f or mul a:

10

15

20

25

o Ser ] L S WERREHR 2007 W ARG Bon e
definition of R includes chlorine,.bromine, fluorine

and iodine; the alkyl moiety in the alkyl group or the
haloalkyl group in the definition of RY is either
straight, or branched and preferably having 1 to 6 carbon
atoms, for example, a methyl group, an ethyl group, a n-
propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a tert-butyl grbup, a sec-butyl group, a
n;pentyl group, an isopentyl group, a tert-pentyl group,
a l-methyl pentyl group, a n-hexyl group, an isohexyl
group, etc; and the halogen atom in the haloalkyl group
includes chlorine, bromine, fluorine and iodine. The
alkyl group in the definition of R'® includes either
straight or branched alkyl groups preferably having 1 to
3 carbon atoms, for example, a methyl group, an ethyl
group, a n-propyl group, an isopropyl group, etc. The
alkyl group in the definition of RY includes either
straight, branched or cyclic alkyl groups preferably
having 1 to 6 carbon atoms, for example, a methyl group,
an ethyl group, a n-propyl group, an isopropyl group, a
cyclopropyl group, a n-butyl group, an isobutyl group, a
tert-butyl group, a sec-butyl group, a n-pentyl group, an
isopentyl group, a tert-pentyl group, a l-methylpentyl
group, a cyclopentyl group, a n—hexyl group, an isohexyl
group, a cyclohexyl group, etc. The substituent for the
phenyl group in the definition 6f RY includes a halégen

atom such as chlorine, bromine, fluorine, and iodine; an



[err] Rlerr] is an alkyl group or a group of the fornula:

- 37 - [err] . in which Rerr] and R err] are independently a
hydrogen atom a hydr oxyl group, an al kyl sul fonyl oxy group, a

hal oal kyl sul f onyl oxy group, or a group of the formula [24], in which
Rlerr], Rerr] and Rlerr] are independentty4d -5 hydrogen atom a hal ogen
atom an al kyl group or a hal oal kyl group. In the

f I 16], th |.kyl ' [ h | kyl
g?LF}i |[ L hfe de g na hloRiin, el G d iR Ao
oo & P kb RSN LA G S U {ptaic

i sopr opy! grOUp,aﬂif%rfdMﬁgo)ﬂr&‘%]Tf Haig/ |1 HOUD GHrbon a€sHs!!l YEor

group, a tert-buty oup, a sec- group, a n- pentyl group, an
i sopentyl group.esanfd, REHAhE Yibup,lan ethyEighdrenty Ingspyl a

cycl opentyl group, a n-hexyl

5 group, an isopropyl group, a cyclopropyl group, a n-butyl
group, an isobutyl group, a tert-butyl group, a sec-butyl
group, a n-pentyl group, an isopentyl group, a tert-
pentyl group, a l-methylpentyl group, a cyclopentyl
group, a n-hexyl group, an isohexyl group, a cyclohexyl

10 group, a heptyl group, an octyl group, a nonyl group, a
decyl group,-etc. The halogen atom in the haloalkyl
group includes chlorine, bromine, fluorine and iodine.
Concrete examples of the haloalkyl group are a
trifluoromethyl group, a trifluoroethyl group, a

15 trifluoropropyl group, etc. The aralkyl group in the
definition of RY includes, for example, a benzyl group,
a pﬁenethyl group, a phenylpropyl group, a methylbenzyl
group, a methylphenethyl group, an ethylbenzyl group,
etc.

20 In the formula [21], the alkyl moiety in the
alkyl group and the haloalle group in the definition of
R*®, RY® and.R20 includes straight, branched and cyclic
alkyl groups preferébly having 1 to 8 carbon atoms, for
example, a methyl group, an ethyl group, a n-propyl

25 group, an isopropyl group, a cyclopropyl group, a n-butyl
group, an isobutyl group, a tert-butyl group, a sec-butyl
group, a n-pentyl group, an isopentyl group, a tert-

pentyl group, a l-methylpentyl group, a cyclopentyl



group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl

group, a nonyl group, a decyl group, etc. As the halogen in the

hal oal kyl group, there can be used chl orine, brom ne, fluorine and

i odi ne. Exanples of the 20 aral kyl group are a benzyl group, a phenethyl
group, a  phenyl propyl group, a nethyt b&hzyl group, a -

nmet hyl phenet hyl group, an ethylbenzyl group, etc. In t he
formula [17], the_substitu th g ga * 19roup i n_the |n|H|on
of Rlerr] and FPEPPP-i RcPh 8§Y “group, an ibohekylgZolp, a cyelo

hal ogen aton1su§Pﬁg§ CQ'R&b?gl pgﬁgpneanfbgg gug(aﬁgﬁlodbﬂg hgplgggyl

group or a halo group str ed or cyc

the al kyl noietytom 1Hr%ﬁ@rﬁQh&ahﬁ?l1gE8u%o1ﬁéiﬁ@@sabﬁﬁﬁr15@r gxamrhe, a
5 nmet hyl group, an ethyl group, a n-propyl group, an - i sopropyl group,

a cycl opropyl gepusridenahdt ¥bdgheup, Caficrete pgeleiribler eximpaekeblt- Ry |
group, a sec-butyl group, a n- pentyl group, an isopentyl group, a
tert-pentyl 8rohaloalkylagteupt Ayepantyli fuorpmezhg}copaptyk group, a

n- hexyl 10 group, an-isohexyl group, a cyclohexyl group, a heptyl

group, an octyl tgiblperaetby}l gyoupp, aatuéfyuoyopuppyl greup,; edad afhe

al koxy group, either straight, branched or cyclic, preferably having 1
to 6 carbon atoRbkydogroup é%aﬁbﬁe318Y#eﬁﬁb§$l§P§§§ Phﬁnﬁﬂhgxyueréﬂpthé

n-propoxy 15 grggghl_%?_ohsgr%r Opa(),x%lgra%lga RzgI {]ngﬂgdoég sg'érqgfght branched
and cyclic alkyl groups preferably having 1 to 10 carbon
10 atoms, for example, those mentioned above (ha§ng 1 to 8
carbon atoms), and a nonyl group, a decyl group, etc.
The aralkyl group in the definition of R!, R and R%®
includes a benzyl group, a phenethyl group, a
phenylpropyl group, a methylbenzyl group, a
15 methylphenethyl group, an ethylbenzyl group, etc. The
alkyl moiety in the perfluorocalkyl group in the
definition of R* includes straight, branched and cyclic
alkyl groups preferably having 1 to 8 carbon atoms, for
example, those mentioned above. The number of fluorine
20 atom substituted is preferably 1 to 17. The alkyl moiety
in the haloalkylphenyl group in the definition of R*
includes straight, branched and cyclic alkyl groups
preferably having 1 to 8 carbon atoms, for exampie, those
‘mentioned above. The halogen in the haloalkylphenyl
25 group includes chlorine, bromine, fluorine and iodine.
In the formula [22], the élkyl group in the
definition of R®® includes straight and branched alkyl

groups preferably having 1 to 3 carbon atoms, for



| sobut oxy group, a tert-butoxy group, a sec-butoxy group, a
n- pentyl oxy group, an isopentyloxy group, a n-hexyl oxy group, an
i sohexyl oxy group, etc. The alkyl noiety in the al kyl group and the
hal oal kyl group in the 20 definitionof R err] includes straight, branched
and cyclic al kyl groups preferably havi4dg-1 to 10 carbon atons, for
exanpl e, those nentioned above in the substituents for t he phenyl

group. The hal ogen i the hal yl oup cl udes chl orine rom ne,
fluorine and i ofFFRIPHHe 2 gb%ﬁ SEP |?F? FEPR t F o™ B?°E¥£rr]

i ncl udes, for exanpl e,.a benz hengt hyl . group, . .

phenyl propyl grcﬁﬁ)ou% n%rt‘h %%?&#i g&%%‘bg g, gg?%yﬂ)}%ég @%ﬁ?tﬁr%ﬂpthgn
et hyl benzyl gro

In the fornula.t%§ﬁ§& 1fo?%}?x¥ﬁﬁr?§plﬁp?hghe halo?k§¥1%?%ﬁ%n %dé?ﬂup in
hal oal kyl group ixe téertef tibhiop 1@""‘,‘ R, Reer g RernP sneiibesr]

I ncl udes straight, or branched al kyl groups preferably having 1 to 6
carbon at ons,5 f astrafglexadid ebréndRédyaligy Dugroaps ephefegablp, havingr Dpyb

group, an isopropyl group, a n-butyl group, an isobutyl group, a
tert-butyl grould casbuon batghs grfomp, ezsamphent yhose as gnewnpionadi sbpeat yl
group, a-tert-pentyl group, a 1- nmet hyl pentyl group, a n-hexyl group,
an i sohexyl groufthe halegen imcthelhabealkyl harowp obrelndes oaploninades
chlorine, bromne, fluorine, and iodine._ The substituent
bromine, fluorine and iodine. Concrete preferable
examples of the haloalkyl group are a trifluoromethyl
10 group, a trifluofoethyl group, a trifluoropropyl group,
etc. The alkyl moiety in the alkyl group and the
haloalkyl group in the definition of R*, R* and R*
includes straight and branched alkyl groups preferably
having 1 to 6 carbon atoms, for example, a méthyl group,
15 an ethyl group, a n-propyl group, an isopropyl group, a
n-butyl group, an isobutyl group, a tert-butyl group, a
sec-butyl group, a n-pentyl group, an isopentyl group, a
tert-pentyl group, a n-hexyl group, an isohexyl group,
etc. The halogen in the halogen atom and the haloalkyl
20 group includes chlorine, bromine, fluorine and iodine.
Preferablé examples of the haloalkyl group are a
trifluoromethyl group, a trifluoroethyl group, a
trifluoropropyl group, etc.
Preferable photoacid generators of the formula
25 [16] are as follows: | _
l—qyclohexylsulfonyl—l—(1,l—dimethylsuifonyl)
diazomethane,

bis(1l,1-dimethylethylsulfonyl) diazomethane,



for the phenyl group in the definition of R12 includes a hal ogen atom
such as chlorine, bromne, fluorine and I odi ne; an al kyl group or a
hal oal kyl group, either 15 straight, branched or cyclic, and the al kyl

noi ety preferably has 1 to 10 carbon atons, for exanple, a met hyl
group, an ethyl group, a n-propyl group, an44 - isopropyl group, a

cycl opropyl group, a n-butyl group, an | sobutyl group, a tert-butyl

group, a sec-butyl group, 0 n-pentyl. grou an, _.isopentyl group, a
tert-pentyl groﬁsﬁ'mg?ﬁ%%%%‘fl8r‘g’(£i,°'ﬁem’?%pentyI group, a

n- hexyl grqQup,,.an J sohexyl ou a; L group, a heptyl

group, an octyﬂ%ﬁﬁﬁﬁxcéﬁhﬁﬁgﬁg%ﬁgﬁﬁii%1%ﬁ%%%ﬁ%ﬁ%%%f’etc. The hal ogen
i n the hal oal kyl ' ﬂgﬁg C | brom ne, fluorine and i odine.
Concrete exanplé%égéﬁgk%éui cé#é%ﬁﬂéﬁqﬁﬁégére a trifluoromethyl group, a
the defini tion ot TSP ILPRY qHifieotase, The  Ralcgen atomin
- 40 - 5 hl 101dye1 o HE:81 AEL £y 1 -Ney clshé Bl drbonyl diazomethahd, t he
formula [20], the hal ogen atomin the definition of R15 includes

chl orine, brom re;didzmfl-+feyclohexyitbulfbmel -3 - dikgthyhetan+2-ohe, al kyl

group or the 5 hal oal kyl group in the definition of Rlerr] is either
strai ght, or br dnchicakzanid-medivisbl fommnlt4phienyliutantédrone, atons, for

exanple, a nmethyl group, an ethyl group, a n- ropyl group, an
i sopropyl group, =%zt (hyr Lmerhy ethylsulfonyf)-g,3-5Lme£hyl—2-
butanone,

10 1l-acetyl-1-(l-methylethylsulfonyl) diazomethane, etc.
Preferable photoadid generators of the formula
[17].are as follows:
methylsulfonyl-p-toluenesulfonyl diazomethane,
bis(p-chlorobenzenesulfonyl) diazomethane,

15 bis(p-toluenesulfonyl) diazomethane,
bis(p—trifluoromethylbenzenesulfonyl) diazomethane,
dibenzenesulfonyl diazomethane,
bis(2,4—dimefhylbenzenesulfonyl) diazomethane,
bis(p-tert-butylbenzenesulfonyl) diazomethane,

20 cyclohexylsulfonyl-p-toluenesulfonyl diazomethane,
l-diazo~-1l-(p-toluenesulfonyl)-3,3-dimethylbutan-2-one,
l-p-toluenesulfonyl-l-cyclohexylcarbonyl diazomethane,
1-diazo-1l-benzenesulfonyl~3,3-dimethylbutan-2-one,
1-diazo-1-(p-toluenesulfonyl)-3-methylbutan-2-one, etc.

25 Preferable photoacid generators of the formula
[18] are as follows:
1,2,3-tris(trifluoromethanesulfonyloxy)benzene,

1,2,3-tris(methanesulfonyloxy )benzene,



| sobutyl group, a tert-butyl group, a sec-butyl group, a 10 n-pentyl
group, an isopentyl group, a tert-pentyl group, a 1-nethyl pentyl
group, a n-hexyl group, an isohexyl group, etc; and the hal ogen atom
in the hal oal kyl group i ncl udes chlorine, brom ne, fluorine and.

i odi ne. The al kyl group in the definiti4dn-of R16 includes either 15
straight or branched al kyl groups preferably having 1 to 3 carbon

t , f t hyl : t h : , - I ,
o oyt b BBl Y- LU Bp 01 Sy oSy 3 1 0 00T
i ncl ud ith ' h | i .. or r ef er abl
Lo udes L UNCT o 2, 3 ShE2) ks PUBRGREK PnH oL Gl il SOy PRoRLERST 20
group, a n-propyl_gx fghééﬂgﬁéguifég§%§§¥é?}%e?ecyclopropyl group, a

- u y

O ’
n- butyl group, I'sobutyl group, a - group, a sec-butyl

group, a n-penty] HroUPri fcrifludbSORethdhedi Pibhy PokPibeRg8hy! group, a
1-met hyl pentyl 25 group, a cyclopentyl group, a n-hexyl group, an isohexyl

group, a cyclmhexyl, xetis (SészeldCuBEbsy 1oL behHind Ne phenyl group in
the definition of Rlerr] includes a hal ogen atom such as chl ori ne,

brom ne, fl uori ne,2 ahderisl{ metohmwenesul fonyloxy )benzene, - 41
- al kyl group and hal oal kyl group, wherein the al kyl noiety I n

t hese groups i nclikled-teris(pichlorobrneeneswl fgnylexy )benzeye, gr oups
preferably having 1 to 10 carbon atons, for exanpl e, a nethyl group, an

ethyl group, a _hgcﬁmﬁris(perfluoroethanesulfonyloxy)benzene,
' p-(p—trifluoromethylbenzenesﬁlfonyloxy)toluene, etc.

10 Preferable photoacid generators of the formula
[20] are'as'follows:
2—(p-toluenesu1fony1)-Z—benzoylpropane,
2-benzenesul fonyl-2-benzoylpropane,
2-(p~-toluenesulfonyl )-2,4-dimethylpentan-3-one,

15 2-(p-toluenesulfonyl)-2,4,4-trimethylpentan~3-one,
2-(p-toluenesulfonyl )-2-(p-methylphenylcarbonyl )propane,
4-(p-toluenesulfonyl)-2,4-dimethylhexan-3-one, etc.

Preferable photoacid generators of the formula
[21] are as follows:
20 triphenylsulfonium trifluoromethanesulfonate,
| triphenylsulfonium perfluorooctanesulfonate,
diphenyl-p-tolylsulfonium perfluorooctanesulfonate,
tris(p-tolyl)sulfonium perfluorooctanesulfonate,
tris(p-chlorobenzene)sulfonium trifluoromethanesulfonate,

25 tris(p-tolyl)sulfonium trifluoromethanesulfonate,
trimethyléulfonium trifluoromethanesulfonate,
dimethylphenylsulfonium trifluoromethanesulfonate,

dimethyltolylsulfonium trifluorometthanesulfdnate,



5 group, an isopropyl group, a cyclopropyl group, a n-butyl group, an

| sobutyl . group, a tert-butyl group, a sec-butyl group, a n-pentyl
group, an isopentyl group, a tert- - pentyl group, a 1-nmethyl pentyl
group, a cycl opentyl group, a n-hexyl group, an isohexyl group, a
cycl ohexyl 10 group, a heptyl group, an -oct§l-group, a nonyl group, a
decyl group, etc. The hal ogen atomin the hal oal kyl group i ncl udes

chl ori ne, bron13 s of the

hal oal kyi o oupipethyEtelzad ?Faamwepﬁw15?58;3@3@?}1??58?%& h$t%r oup, a
15 trifluoropropyl group, P?‘te%er ??Joﬁ:%lacqﬁoﬁ%ne'}atéah s o h)FI Péf 'f'H:IrduQLr}:x of

Rl err] includes, for exanple enz group, a

phenyl propyl gregpy & geggykgg ¥ group, a nethylphenethyl group, an
et hyl benzyl grog 1 &r gé 5: In the formula [21], the alkyl

noiety in the g2, 4Lkfhsgboymuaﬂsbéheehébaakbﬂ&lakgqpabatbbﬁeﬁghbnItlon of
Rlerr], Rerr] and Rl err] 1ncludes straight, branched and cyclic al kyl
groups prefesabky3havipgsipterifiacboneghgibenkensul fonglagphe, a net hyl
group, an ethyl group, a n-propyl 25 group, an isopropyl group, a

cycl opropyl groapetaphehohgl group, an isobutyl group, a tert-butyl

group, a sec-butyl group, a n-pentyl group, an isopentyl group, a

tert- pent 3} 3géotipisf215ndinhlpeabehzgneapl fany}okypenceitophenone,

- 42 - groug, a n-hexyl group, an isohexyl group, a cycl ohexyl
4-(p- toluenesulfonyloxy) acetophenone,

2,3,4-tris(trifluoromethanesulfonyl) acetophenone,

10 2,3,4-(p-trifluoromethylbenzenesulfonyloxy)
propiophehone,
2,3,4-(2,5-dichlorobenzenesulfonyloxy) propiophenone,
2,4,6-tris(p—trifluoromethylbenzenesulfonyloxy) |
acetophenone,

15 2,4,6-tris(2,54didhlorobenzenesulfonyloxy) acetophenone,
2,4,5-tris(2,5-dichlorobenzenesulfonyloxy) acetophenone,
2,2',4,4'-tetra(p-trifluoromethylbenzeneSulfonyloxy)
benzophenone, '
2,2',4,4"'-tetra(2,5-dichlorobenzenesul fonyloxy)

20 benzophenone,
2,2",4,4"'-tetra(p-fluorobenzenesulfonyloxy) benzophenone,
2,2',4,4"'~-tetra(tgrifluoromethanesul fonyloxy)
benzophenone,
2,4,4'-tris(p-toluenesulfonyloxy) benzophenone,

25 2,4,4'~tris(trifluoromethanesulfonyloxy) benzophenone,
etc.

The resist material of the present invention

comprises the polymer having repeating units of the



group, a heptyl group, an octyl group, etc. The hal ogen . atomin the
hal oal kyl group includes chlorine, brom ne, fluorine and i odi ne.
Concrete preferable exanples of the 5 hal oal kyl - group are a
trifluoronethyl group, a trifluoroethyl group, a trifluoropropyl
group, etc. The al kyl group in the alkW? substituted phenyl group in
t he definition of Rerr], Rerr] and Rl err] includes straight,

S or o B A oA et 35 U
oo, o oo T B B p e, AP D b
Pheret ] 31U pitoao IGELFACON 08" o0 cogEIa] b6TIL SERUBife foe

met hyl phenet hyl “gr oup, group, etc. T

the perfluoroal kidigéLLing KIgh trandSaidnéy 0bs Ofndl PEs]st BhHERPa1 due
straight, branched and cyclic al Kyl groups preferably having 1 to 8

carbon atons,5foto good ekigipt etramantt tinde oneslr a8 ed dhf FOFb§ivohg
fluorine 20 atom substituted is preferably 1 to 17. The al kyl nviety

i n the hal oal kyll#es \RPER rcemperatine dié¢pendency odndr| for | generatimdy udeseek
straight, branched and cyclic al kyl groups preferably having 1 to 8
carbon atons, fd@cikk=Sitk, aserebonic agkdiuper expVsurdhto hacbieicin the
~hal oal kyl phenyl 25 group includes chlorine, bromne, fluorine and iodine.
In the fornul a [28did%iRnal KR theupther thand, thephoteaeid gemeratprs

[ nol udes trai gt and, branched A1), rven 9 PHBF, PESTPTARAY DRy D9, T O 3

10 effective for giving high acid generation efficiency upon
exposure to a constant amount of actinic radiation or
generating a strong acid such as sulfonic acid.
Therefore, a combination of one or more photoacid
generators of the formula [16] and one or more photoacid

15 generators of the formulae [17], [18]1, [20], [21] and
[22] is preferable in order to remove scums.

In order to improve the residue of scums and
the shape of bottom portions of pattern without céusing a
problem of delay time and to maintain stable pattern

20 shape and dimension, it is preferable to use one or more
photoacid generators of the formulae {1731, [18], [20],
[21] and [22] in an amount of preferably 1 to 70 parts by
weight, more preferably 10 to 50 parts by weight per 100
parts by weight of the photoacid generator of the formula

25 [16].

Thé photoacid generator of the formula [21] is
particularly effective to remove scums when used alone,

but also brings about a problem of poor pattern shape and



- 43 - exanple, a nmethyl group, an ethyl group, a n-propyl

group, an isopropyl group, etc. The alkyl noiety in the

al kyl sul fonyl oxy group and the hal oal kyl sul fonyl group in t he
definition of Rerr], Rerr], Rerr], Rerr] and R err] includes 5

strai ght and branched al kyl groups preferabl48 having 1 to 3 carbon
atons, for exanple, those as nentioned above. The hal ogen in the

hal oal kyl group includes chlorine, . brom pe,.fluorin nd i odi, ne.
Concret o prefof Aitiensongl dheite cque . tS| 3 ARk hetfh, BF Alay "Eine. n
trifluoronethyl gro atrifluo u LEI uQr Qpe QpyL group,
etc. The al kyl ﬁ%%%?yéi%g?%é %?éélgg§§§%féﬁdgéﬁege g°£%%§o§§k§$1§§oap I n

the definition g , r err] i ncl udes straight and
évéiégél ?fiﬁ f%gé@ﬂegi

branched al kyl groups preferab aving 1 to 6 carbon atons, for

exanpl e, a methyl group, A3 éﬂo%bﬁ&hdgP@HEra%oBsprBék ¢haHPthakel Sopropyl
group, a n- butyl group, an isobutyl group, a tert-butyl group, a

sec-butyl grosip, méntioead yAbeve) pthére i Bapenbaén gused, vaious tert-pentyl
group, a n-hexyl group, an isohexyl group, etc. The hal ogen in the
hal ogen at om andtxiphénybphagpholunyr sapts ncdipkenyghiodontumbsahtae(as
fluorine and iodine. - Pref erabl e exanpl es of the hal oal kyl group are a
trifluoronethhyl apbems forrthéeéseroriwgy| sgtbap, there arerPF{ uoASPeopBF,: ,
group, etc. Pref erabl e photoacid generators of the fornula
25 [16] are as f®FFolsand trig(Epichlergrebhybngt- 1- (1, 1-di met hyl sul fonyl)

triazine/triethanolamine. But when these photoacid

10 generators are used alone in chemically amplified type
resist mateials, a strong acid (e.g. a Lewis acid) is
generated upon exposure to light and evaporated from a.
surface layer of resist film after exposure to light due
to volatility of the strong acid, and is remarkably

15 influenced by an atmosphere of amine or the like, or is
easily transferred. Thus, even if an overcoat film is
used together the transfer of acid in the resist film
cannot be controlled. As a result, with the lapse of
time from the exposme to light to the development, the

'20 so-called T-shape or overhang profiles are generated

| during the pattern formation, or the pattefn formation
dimension is greatly changed, or sometimes pattern is not
formed at all. further, there is also a problem in
storage stability, e.g. changes in sensitivity during

25 storage, and impossibility of forming a pattern.
Therefore, the above-mentioned known photoacid generators
cannot be used in the present invention.

As the solvent for the resist material of the



di azonet hane, | bi s(1, 1-di net hyl et hyl sul fonyl ) di azonet hane,

- 44 - bi s(1- met hyl et hyl sul fonyl ) di azonet hane, _
bi s(cycl ohexyl sul fonyl) di azonet hane, di benzyl sul fonyl di azomet hane,
bi s(p-tol uenesul fonyl) di azonet hane, 5

1- cycl ohexyl sul f onyl - 1- cycl ohexyl car bonyl -di4@zenet hane, -

1-di azo- 1- cycl ohexyl sul f onyl - 3, 3- di net hyl but an-2- one,

1-di azo- 1- net hyl sul f onyl ; 4- phenyl but.an- 2- one, .
1-di azo- 1- (1, 1- RTRITRY I PYPRUT RNy YRS £ (Rt nyPes-any sofygakgnghichy
1-acetyl-1-(1-ne I f I ﬂi@g? : . .

Pref erabl e photd%%¥d£%%%%§§%dg§¥o#0 e g@%ﬁ?@& ré%g?EﬁTga?%lgg ?gl %ﬁs:
met hyl sul f onyl - ped Q) € f '5@§F@§@a@§h t d
bis(p-chlorobenggaesu o§$1)09¥g£%%et ane, T by s %ﬁt% ué%%%u??oﬁ?f?

di azomet hane,  aadiefed I4ddn0soRidib DeBzenRSILAGDY | U1 6 agaopéBane.

di benzenesul f onyl di azonet hane, bi s( 2, 4-di et hyl benzenesul f onyl)

di azonet hane,5 abdd:rHdgnts) tsitadboneenestd f praddedi dapemdmgeon 20
cycl ohexyl sul f onyl - p-t ol uenesul fonyl di azonet hane,

1-di azo- 1 - ( p-t olmernssses onyéenSr&l Iy nesdilvéntairhdvimg, good film forming
1- p-tol uenesul fonyl - 1-cycl ohexyl carbonyl di azonet hane,

1- di azo- 1- benzekEeRenFies Fand chawing | et apsPrppion near 220 to 400 nm

are preferably used. Examples of such solvents are
methyl Cellosolve acetate, ethyl Cellosolve acetate,

10 propylene glycol monomethyl ether acetate, propylene
glycol monoethyl ether acetate, methyl lactate, ethyl
lactate, 2-ethoxyethyl acetate, methyl pyrurate, ethyl
pyrurate, methyl 3¥methoxypropionate, ethyl 3-
methoxypropionate, N-methyl-2-pyrrolidone, cyclohexanone,

15 methyl ethyl ketone, 2-heptanone, 1,4-dioxane, diethylene
glycol monomethyl ether, diethylene glycol dimethyl
ether, ethylene glycol monoisopropyl ether, N,N-
dimethylformamide, N,N-dimethylformamide dibutylacetate,
N,N~-dimethylacetamide, N,N—dimethylacetamide |

20 methylacetal, N,N-dimethylpropionamide, etc.

The mixing ratio of the polymer and the
 photoacid generator in the resist material of the present
invention is preferably 1 to 30 parts by weight, more
preferably 1 to 20 parts by weight of the photoacid

25 generator per 100 parts by weight of the polymer. The
amount of the solvent in the resist material of the
present invention is preferably 1 to 20 parts by weight,

more preferably 1.5 to 10 parts by weight per part by



| azo- 1- (p-tol uenesul fonyl ) - 3- net hyl but an- 2-one, etc. 25
Pref erabl e photoacid generators of the formul a [18] are as follows:
3-tris(trifluoronethanesul fonyl oxy)benzene,
tri s(nmet hanesul f onyl oxy) benzene,
- 1,2, 3-tris(p-tol uenesul f onyl exyenzene,
tris(trlfluoronethylbenzenesulfonyloxy)benzene
i f1 uoronet hanesul t ol

tris(trifI¥ft t% n I??*km%&y)benzene 5

3-

5

3-

4

3-tris(benzenesul fonyl g ﬁ %
4- oxy
3-

3-

d
e
2,
2,
4
2,
tr
, 2
’g Eggematerlal of the present invention
2

2

(

e

(

b

(

(

(

(

e

tris(p-toluenesul fony enze

tris(p-chlgg ﬁﬁ%{%ﬁ@ é%H {3ﬁ@§ 'three components (i.e. the
oroet hanesu fon

tris(perflu oxy) benzene,

p- tr|f|UO”N“¥$W9$€FZ§ﬂe€Néfﬁf@ééﬁﬁ)1ﬁ$éﬁ%ﬁbn3t§ne é@ more photoacid
ref erabl e photoaci'd generators of the formula [20] are as foll ows:

p- t ol uenessil fgdydrafoPeNzZayd pd 0P6I¢ent) and, if necessary may further
enzenesul f onyl - 2- benzoyl pr opane,

p-t ol uenesul famytaiR, dnei orthytreestavedtbomal ddditives such as

p-tol uenesul fonyl) -2, 4, 4-tri nmet hyl pent an- 3- one,

p- toIuenesulfmhgﬁqlip(%pmmmwwdﬁhemyttavtm#9¢)%b%mm@@nts sensitivity

p-tol uenesul fonyl ) - 2, 4-di net hyl hexan- 3-one, etc.
referabl e photc&éﬂ%FEkm%r%S%Pﬁsofp%?§¢¥%ﬁ¥ﬁﬁiv photpsensiEiz@rss oprgagic

acids, surfactants, etc.

1
P
1,
1,
1
p-
1
1
1
1
1,
p-
P
2-
2-
2-
2-
2-
4-
P

10 As the phenolic compounds, there can be used
those which can control the developing rate at exposed
areas and make the sidewall shape desirable, and have the
weight-average molecular weight of about 300 to about
10,000. Examples of the phenolic compound are phenol

15 resins such as p-cresol/formaldehYde resin
'(polycondensate), m-cresol/formaldehyde reéin, P-
cresol/m-cresol/formaldehyde resin, p-cresol/acetaldehyde
resin,'mfcresol/acetaldehyde resin, p—cresol/m-
creasol/acetaldehyde resin, phenol/formaldehyde resin,

20 etc.:; polycondenSates of a phenol and a dimethylol
compound such as phenol/l,4-dihydroxymethylbenzene
polycondensate, p-cresol/l,4-dihydroxymethylbenzene
polycondensate, m-cresol/l,4-dihydroxymethylbenzene
polycondensate, p-cresol/m-cresol/1,4-

25 dihydroxymethylbenzene polycondensate, etc.; 2-methyl-
2,3,3-tri(p-hydroxyphenyl )propane, 2,2',6,6'-tetrakis(2-
hydroxy-5-methylbenzyl) bisphenol, 2,2',6,6'-tetrakis(2-

hydfoxy—3,5-dimethylbenzyl) bisphencl, etc. These



20 triphehylsulfoniun1trif|uoronethanesulfonate, tri phenyl sul f oni um

per fl uor ooct anesul f onat e, di phenyl - p-tol yl sul f oni um

perfl uor ooct anesul f onat e, tris(p-tolyl)sul fonium

per fl uor ooct anesul f onat e, tris(p-chlorobenzene) sul f oni um
trifluoronethanesul fonate, 25 tris(p-tolyBlsH fonium
trifluoronethanesul f onat e, trinethylsulfonium
trifluoronethanesul f onat e, di nethyl ésul um

trifl uor onet handRRBRYHLE (compounds n‘é?‘PlylP §/¥ Lﬁ“l‘%?n YT as a mixture

trifluoronetthan sulf ate, . . -
dlnethyltolylsuIF bﬁ?f?ﬁ%rd%%%%ﬁes% %ﬁ% e ?he present inventidh
Pref erabl e photo |
2,3,4-tris(p- fIJ%?&%énzenesul§§ﬁ§% alfJi)%top enonepégg% B§eWé§gﬁe tidPe
2, 3,4-tris(p-tridlaesamipys b@azf@%{'%%fxﬂélght péseioohgases, by
2,3,4-tris(2,5- |chIorobenzenesulfonyloxy) acet ophenone,

2, 3, 4- (p- t ol LBnased divBYdOXhe agcipREENONE,
2,3,4-tris(trifluoronethanesul fonyl) acetophenone, 10
2,3,4-(p-trifluoronethyl beAagetbeuhltnaidewiet absopbepitopltbeuvrecan be
2,3,4-(2,5-di chl orobenzenesul f onyl oxy) propi ophenone,

2,4, 6-tris(p-tridsedrdrdiayditworens andngevkyatives therepfienbndiazges2-
2,4,6-tris(2,5-dichlorobenzenesul fonyl oxy) acetophenone,

tetralone, 2-diazo-l-tetrarone, -diazo-10- -phenanthrone,
9-(2-methoxyethoxy)methylanthracene, 9-(2-
10 ethoxyethoxy)methylanthracene, 9-(4-
methoxybutoxy )methylanthracene, 9-anthracenemethyl
acetate, floresceine, fluorescin, etc., singly or as a
mixture thereof.
The ultraviolet absorbent can be used in the
15 resist material of the présent invention in an amount of
preferably 0.1_to 10 parts by weight, more preferably 0.5
to 5 parts by weight, per 100 parts by weight of the
polymer.
| As the sensitivity adjusting agent, there can
20 be used polyvinylpyridihe, poly(vinylpyridine/methyl
methacrylate), pyridine, piperidiné, tri-n-butylamine,
trioctylamine, tribenzylamine, dicyclohexylamine,
dicyclohexylmethylamine, tetramethylammonium hydroxide,
tetraethylammonium hydroxide, tetra-n-propylammonium
25 hydroxide, tetra—n—butjlammonium hydroxide, choline,
triethanolamine, tripyridine, bipyridine, 3-
aminopyridine, triethylamine, N-methyl-2-pyrrolieone,

etc., singly or as a mixture thereof.



2,4,5-tris(2,5-dichlorobenzenesul f onyl oxy) acet ophenone,

2,2",4,4" -tetra(p-trifluoronethyl benzenesul f onyl oxy) benzophenone,
2,2',4,4 -tetra(2,5-di chl orobenzenesul fonyl oxy) 20 benzophenone,
2,2",4,4 -tetra(p-fluorobenzenesul fonyl oxy) benzophenone,

2,2',4,4" -tetra(tgrifluoronet hanesul f onyl oxyp2 - benzophenone,

2,4,4" -tris(p-tol uenesul fonyl oxy) benzophenone, 25

44 -ty i £l h 1 fon b h . o
The resi ot waterian ot noiBRoesReL R kY B3 9BRERG] Ruept.cafy e, pephin

havi ng repeatin [ t . . . . - A7 -
formula [1] andg%thg]e éoérs%? erp% %Jf-%)%]éi 2 g‘é?\%r%f%?%ngfl?ﬁ%ntlon_ Tor Al glélotl?g] ,

[17], [18], [20]oe [&Eéf%%lr?zdnﬂ{l& 10 pa%@tﬂﬁfgﬁigﬁgerﬂé% @%e%??%—xﬁéy

formula [16] is effecti mal nt'ai ni ng hspar en

resist material glUe to 55 tEaBe9dy I W ght apy el QWEE PERT1898pdre8) bior

gi vi ng | ess PEB tenperature dependency and for generating a week

aci d such as Tarvaigltt asf dthpoporymasure to actinic radi ation. On the
ot her hand, the photoacid generators of the fornmulae [17], [18], [20],
[21] and [22] are 10 effe8sivthefpiagticihgeh| ghheredcganbeatised dfieitbhyancy
upon exposure to a constant anount of actinic radiation or

generating a st RN sdHPeEyL phthalatei (dipropyl phthalate, etc.,

singly or as a mixture thereof.
The plasticizer can be used in the resist
10° material of the present invention in an amount of
preferably 0.1 to 10 parts by weight, more preferably 0.5
to 5 parts by weight, per 100 parts by weight of the
polymer.

As the photosensitizer, there can be used 2-

15 mercaptobenzothiazole, 2-mercaptobenzoxazole,
benzophenone, 2,2'4,4'-tetrahydroxybenzophenone, 2,2',4-
trihydroxybenzophenone, 4,4'-dihydroxybenzophenone,
2;3,4—trihydroxybenzophénone, pyrene derivatives, pyrene
derivatives, béhzotriazole, etc., singly or as a mixture

20 thereof.

The photosenstizer can be used in the resist
material of the present invention in an amount of
preferably 0.1 to 10 parts by weight, more preferably 0;5
to 5 parts by weight, per 100 parts by weight of the

25 polymer.

As the organic acid, there can be used benzoic

acid, o-acetylbenzoic acid, salicylic acid, p-

hydroxybenzoic acid, o-cyanobenzoic acid, phthalic écid,



Therefore, a conbination of one or nore photoacid generators of the

formula [16] and one or

[18], [20], [21] and [22] is preferable in order to renbve scuns.
In order to inprove the residue of scuns and t he shape of bottom
portions of pattern w thout causing a - 5% oblemof delay time and to

mai ntain stable pattern 20 shape and dinension, it is preferable to use

one or nore

[21] and [22] i
preferably 10 téhé%é&fqts by wei ght per 100 parts by wei ght of the
phot oaci d generator of the formula 25 [16]. The phot oaci d

generator of the formula fgd] of§anic 88L& €8habbYu8biesh! ¥Re! PekgaRVE SCUNS

when used al one, but al so brings about a problem of poor pattern shape

and

due to an influence of delay tine. In such a case, such a problem can

material of the present inverfion in an dam®&st opfl change

be sol ved bys upreferably @yvErtmall fpamnts doetweight, more preferaBsy 0.5

phot oaci d generators other than those 5 nmentioned above, there have been

used vai ous

to t% igarty | hthosplaht urpeal 100 phRpte Y i weitohtnefathe (as

anions for these oniumsalts, there are PF[err], AsF[err], BFferr],
etc.) and tris@I1ERDr onet hyl - s- triazine/triethanol am ne. But when
t hese photoacid

10

15

20

25

As the surfactant, there can be used nonionic
surfactants such as polyethylene glycol distearate,
polyoxyethylene stearyl ether, polyoxyethylene lauryl
ether, polyoxyethylene cetyl ether, etc.; fluorine-
containing nonionic surfaqtants such as Fluorad (a trade
name, available from Sumitomo 3M, Ltd.), SURFLON (a trade
name, available from Asahi Glass Co., Ltd.), UNIDYNE (a

trade name, available from Daikin Industries, Ltd.),

~ MEGAFAC (a trade name, available from Dainippon Ink &

Chemicals, Incorp.), EFTOP (a trade name, available from
Tohken Products Corp.), etc.; fluorine-containing
cationic surfactants, fluorine-containing anionic
surfactants, and if necessary, one or more polyethylene
glycol, polypropylene glycol, etc., singly or as a
mi#ture thereof. |

The surfactant can be used in the resist
material of the present invention in an amount of

preferably 0.1 to 10 parts by weight, more preferably 0.5

to 5 parts by weight, per 100 parts by weight of the

polymer}

Pattern formation using the resist material of

nore photoacid 15 generators of the fornmulae [17],

e RIS B8, S T o TR e e miRlrgl)



10 generators are used alone in chemcally anplified type resi st
mateials, a strong acid (e.g. a Lews acid) is gener at ed upon exposure
to Iight and evaporated froma surface |l ayer of resist filmafter
exposure to |ight due to volatility of the strong acid, and is
remarkably 15 influenced by an atnosphere 6# amne or the like, or is
easily transferred. Thus, even if an overcoat filmis used together the
transfer of acid_in the resist fil nnot be, c ntroIIed a result,

wiht h t2 Be Iapslel d’z‘e Pr:ﬁ%?et f’v‘B’rﬁ‘{"ﬁé"bm (Y5 U 3R “Shrent

t - T- fil h
battern formation or the The (REFLSDMBEELAT of FrdIRCELRE snvafitiond (N
changed, or somgiy %Sa‘c%?%toq{% S%ngﬁ%or}duc&ﬁr@ﬂh Arfld s éﬂtélsera éf‘ﬂ%rfng

al so a problemin rage anges in sensitivity

25 storage, and JBRASHPIdd teh Qlfalié)rﬁﬂéwfﬂ.xﬂ)aéﬁiedl{hess abdi8¢ & 0% 6o LN
above- nenti oned known phot oaci d generators cannot be used in the

present invem i @i (when used as ar\uppgér smywtn{ athidee YBfdrd, abait al of
t he present invention,

there can be usédiany (@ \(ANtinh Whiklkness) camdlllm:ecﬂamad hien ok yoxeen hatvi ng
repeating units of the formula [1], the photoacid generator, and one
or nore addioCi tes180%h écsrpIQMiiiﬂcmim@tmds oxllor av i pbtplate at

absorbents, surfactants, etc., added dependi ng on
70° to 130°C for 1 to 2 minutes to form a resist film.

Then, a mask for forming the desired pattern is placed on

10 the resist film aﬁd exposed to deep ultraviolet light of,
e.g. 300 nm or less at exposure dose of about 1 to 100
mJ/cm?, followed by baking on a hot plate at 70° to 150°C
for 1 to 2 minutes. Then, the development is carried out
using, e.g. 0.1 to 5% tetramethylammonium hydroxide

15 (TMAH) aqueous solution for about 0.5 to 3 minutes by a
dip method, a puddle method, a spray method, or the like
conventional method, to form the desired pattern on the
substrate.

As the developer used in various'pattern

20 fdrminé methods, there can be used an aqueous alkali
solution having a suitable concentation usually 0.01 to
20% so as to make the difference in solubility between
exposed areas and non-exposed areas large depending on
solubility of the resist material. —As the agqueous alkali

25 solution, there can be use an aquous solution containing-
an organic amine such as TMAH, choline, triethanol amine,
or the like, or an inorganic alkali'such.as NaOH, KOH,



pur poses. Cenerally, solvents having good filmformng properties and
havi ng no absorption near 220 to 400 nm are preferably used. Exanples
of such solvents are met hyl Cel | osol ve acetate, ethyl Cellosolve
acetate, 10 propylene glycol nononethyl ether acetate, propylene

gl ycol nonoet hyl ether acetate, nethyl |act&be; ethyl | act at e,

2- et hoxyet hyl acetate, nethyl pyrurate, ethyl pyrurate, nethyl

3- met hoxypr opi onate, ethy

et Iy 2 pyr ol | Gone, ! e cheo Le? 1 8F (1€ Frprent, theontion
2-hept anone, ' 1 4l I%Aaygf%dter 0ol o TR

di et hyl ene gl yco her erne glyco nnﬁ%lsopropyl et her,
N, N- di et fy4l pgf&raﬁie SHEBRHY Y TR iy | S 8 eformula

N, N- di met hyl acet am net yl acetam de 20 net hyl acetal,

N, N-di net hyl promsian@arﬁ%uﬂrrg the functional ghttfupgliod Nghd aﬁdﬁn@iatm],
pol ymer and the phot oaci d generator in the resist material of the
present 5 nviantdam dedl gas et | furict o)l mardup moreiaddilymie the
preferably 1 to 20 parts by weight of the photoacid 25 generator per 100
parts by wei ght prfesereepafy ey .acik to be aronwertsd tte altakhtseoiuble

resist material of the present invention is preferably 1 to 20 parts
by wei ght, qmmqﬂdefveirta’bl'ghq.@m@q@iqmlt Paymens)usekrfomrtheysame
- 50 - wei ght of the polyne The resist material of

the present inv&wgRase (polymers hav1ng as monomer unit e.g. tert-
butoxycarbonyloxystyrene, tetrahydropyranyloxystyrene,
10 tert-butoxystyrene, tert-butoxycarbonylmethoxystyrene,
etc.), so that it is possible to obtain high resolution
and to maintain a stable pattern dimension during a
period from the exéosure to light'to heat treatment
(baking). Further, the polymer of the present invention
15 contains the hydroxystyrene unit of the formula [4], so
that the polymer is'excéllent in heat resistance,
resistance to dry etching and adhesiveness to the
substrate. In addition, the polymer of the present
invention can contain the monomer unit of the formula
20 [5], so that there can.be obtained enlargement of focus
'margin, improvement of'mask linearity and inhibition of
influence of proximity effect due to control of
developing rate at éxposed areas.
A polymer having repeating units of the
25 formula [1l] is known and can be obtained by radical
- polymerization, but it has a large degree of dispersion.
When such a known polymer.is used in a resist material,

the resolution and maintenance of pattern size are as



conprises the above-nentioned three conponehts (i.e. the pol ymer of
the present invention, one or nore photoacid 5 generators, and a sol vent)

and, if necessary may further contain one or nore conventional

addi tives such as phenol i ¢ conmpounds, ultraviol et absorbents,
sensitivity adj usting agents plast|t|§@rs phot osensitizers, organic
aci ds, surfactants, etc As the phenolic conpounds, there

can be used o fhose ui Br%gag%g%@gkb}%% B RIA0 o 26l IR0

areas and make ésira have

wei ght - aver age %BEHEHE% Wehgﬂ%ngaoﬁbo e%%oakﬁsﬁgogtgrobleﬁpugtheﬁxa"ples

of the phenolic conpound are phenol resins such
p-cresol / for mal daBydeckephittern siBekkI8dENEALR) a TaeheyoWiffFartindehude
resin, p- cresol/ mcresol /formal dehyde resin, p-cresol/acetal dehyde

resin, mcresol dagellapiabydatecbetwepnCmoietules at thecaime atet al dehyde
resin, phenol / f or mal dehyde resin, 20 etc.; polycondensates of a phenol and
a dinmethyl ol 5 devedopment.sudh esngiresdl,/ ¥héndithed polymeirhpifbdhecne

pol ycondensat e, p-cresol/1, 4-di hydroxynet hyl benzene pol ycondensat e,

m cresol / 1, 4- di ayeserfninienitiorchaving apesmpddegedegree of dispersion

p- cresol/n}cresolll 4- 25 di hydroxynet hyl benzene polycondensate etc.;

2- net hyl - 233u§99rFPptﬁ?dFG?}E%eW?FFEF@&an@hGZSEEPG ef. Patterns (2
hydr oxy- 5- et hyl benz bi,sp '-te

vl oxy- 3, 5 i YELApRBhS, i5 BRETRERG] dub 50 ThBLsol OF aifference in

developing rate between molecules, although the

10 properties such as the maintenance of pattern size are
equal to those of the known polymers. In addition, heat
resistance is also improved compared with the case of
using known polymers.

When one or more polymers having repeating

15 units of the formula [1l] and a small degree of dispersion
are mixed with a photoacid generator,  various problems of
the prior art in the resist pattern formation using deep
ultraviolet light such as KrF excimer laser beams can be
solved. Further, there can provide a fesist material

20 having varioﬁs good.properties and suitable for deep
ultraviolet light and KrF excimer laser beams.

When the polymer having repeating units of.the
formula.[l] and a small degree of dispersion is mixed
with two or more special photoacid generators as

25 mentioned above, the resulting resist material is
effective for removing undésirable shape at bottom
portions of the pattern and scums. The combination of a

photoacid generator of the formula [16] and a photoacid



- 51 - phenol i ¢ conpounds can be used singly or as a m xture

thereof in the resist material of the present invention in an anpbunt of
preferably 1 to 25 parts by weight, nore preferably 5 to 15 parts by
wei ght per 100 parts by. 5 weight of the pol yner. As the
ultravi ol et absorbent, there can be useg¥? 9- di azof | uorene and
derivatives thereof, 1-diazo-2- tetral one, 2-diazo-1-tetrarone,

9- di azo- 10- phenant hr one, 9- ( 2- met hox ethoxi nethilanthracene, 9-%2- 10
et hoxyet hoxy) ne98YeEREAF afEnthegfpgmula Tldly o iﬁ&to ¢9het hotLdneRr h284e,

9- ant hr acenenet hyl acetate, .fl grescei ne | yorescin tc., singly or as
a m xture tﬁér@8¥9 prezérable for $ﬁglﬁgtLﬁggﬁfefeﬁgégﬁbent can be used

inthe 15 resist material, fr%gisQrﬁ%%%EiE&V% i |§98%§n%”2“§%“§%ﬁ%#ts by

preferably 0.1 to 10 parts$ DBy “werght, re prefera
vei ght, per 100.parhs QuedPe8Rt ndt Bhfy_gsegohiﬂfév%o}et.light and Rept he

sensitivity adjusting agent, there can e use ol 'yvi nyTpyr1dri ne,
pol y(vi nyl pysi dereimerhyhser bBEMBACHUtaREso RYLifbNeightpeeldteeon
tri-n-butylam ne, trioctylamne, tribenzylam ne, dicyclohexyl am ne,
di cycl ohexyl net bgams), nepoftekreapkhyhadmsheuliRgdackingéc radiation, for
t et raet hyl anmoni um hydr oxi de, tetra-n-propyl amoni um 25 hydroxi de,

t et r a- n- but yl angenegathngr eri deidcanfli eshibitingr cbemaaalaamp2ifying
tripyridine, bipyridine, 3- am nopyridine, triethylam ne,

N- et hyl - 2- pyr r §npeshaen. :

Reaction mechanisms are explained below, when
10 the resist material of the present invention is used. 1In
the portion exposed to actinic radiation such as KrF
excimer laser beams, deep ultraviolet light, etc., an
acid is generated by photo reaction as shown in Equation
1, 2 or 3: |

[Equation 1]

SO,H

0 0 hv
N | I
Ss-C-58 — SO,- CH .
I I
O N, O H,0 :
[Equation 2]
0 CH, CH, hv

| N
cns-Qﬁ-cl:-TI:-c-cns——s CH, SO.H
|

O CH, O CH H,0



etc., singly or as a mxture thereof.

- 52 - The sensitivity adjusting agent can be used in

the resist material of the present invention in an anount of
preferably 0.1 to 10 parts by weight, nore preferably 0.5 to 5 parts
by wei ght by wei ght, .per 100 parts by 5 wgigght of the polymner.

As the plasticizer, there can be used di et hyl pht hal at e, di butyl

pht hal at e, di propyl phthal ate, etc., singly or as a mxture thereof.
The pl asticizer Bauationedlin the resist 10 material of the present
invention in an anmount of preferably 0.1 to 10 parts by weight, nore
preferably 0.5 to 5 parts by weight, per 100 parts by weight of the
pol ymer. phot osensitizer, there can be used 2- 15
mer capt obenzot hi azol e, 2- t obenzoxazol e, benzophenone,

2,2' 4,4 -tetrahydroxybenz one, 2,2',4; tri hydr oxybenzophenone,

4, 4" -di hydr oxybenzophe e, 2,3,4-trlﬂydroxybenzophenone, pyrene
derivatives, pyrene er Lyay i denzotyi etc., singly or as a
m xture 20 thereof. 8 (ﬁ%§$ﬁe photosg%§%§§%r can be used in the

resist mat eri al of e pgesent inventign in an anount of preferably
ﬁ6r1
he

0.1 to 10 parts by weight, preferably 0.5 to 5 parts by weight,
per 100 parts by wei ght of.

By heat treatment subsequent to the light
exposure step, the special functional group (the 1-
ethoxyethoxy group in Equation 4) of the polymer of the
present invention becomes a hydroxyl group by a chemical
5 change caused by the acid to make the polymer alkali-
soluble at the time of development, resulting in
dissolving in the developer.

[Equation 4]

-( CH - CH, ),- - ( CH - CH, ),-
i |
- Q
H,0 | |
O - CH - CH, OH
OCH, - CH,

+ nCH,CHO + nC,H,OH + H®

On the other hand, since no acid is generated

in non-exposed portion, no chemical change takes place



25 pol yner. - As the organic acid, there can be used benzoic

acid, o-acetylbenzoic acid, salicylic acid, p- hydr oxybenzoi ¢ aci d,
o- cyanobenzoi ¢ acid, phthalic acid,

53 - salicyl hydroxam c acid, etc., singly or as a m xture

t her eof . The organic acid ca®%e used in the resist

mat eri al of the present I nvention in an anmount of 5 preferably 0.1 to 10

par (5 DY 161 9N o &P SIE1E0A 45 hoat aoeét,wgpcs AMapRLENt cpger 100

parts by weight © t

t here can be us §¥EH f ¥ ycol
di stearate, 10 "pol yoxyet ﬁ%/?%%léagﬁa +€%](tgﬁsé %ﬂﬁi?enﬁgfeg# 1%
ether, pol yoxyetihd g1 wrdy | ugddefor eé@eng*f:ﬂéi?:[ﬂﬁ'eadhes:wéﬂééé" B6Nghe
noni oni ¢ surfactants such as Fluorad (a trade nane, available from

Sunitomo 3M Lt dsybsttdtd Qvdm thedetting e ech@Vvaikabl eadveropseahi Akass
Co., Ltd.), UNIDYNE (a 15 trade nane, avail able from Dai kin Industries,

Ltd.), NEGHIeAX {ened aalsoveyavheary aa | pdt tefn abs CEormed dny | ikig the
Chem cals, Incorp.), EFTOP (a trade nane, available from Tohken
Products Corp.) regist nateriak-cbrths rpresent inmeentivm, ssihcet tivse
fluorine-containing anionic 20 surfactants, and if necessary, one or nore
pol yet hyl ene arises a large difference in solubility between the
exposed portion and the non-exposed portion against the
alkali developer, there can be obtained a positive-work'
10 pattern having good contrast due to strong adhesiveness
to the substrate of the polymer in the non-exposed |
portion without causing peeling of the film at the time
of development. Further, since the acid generated upon
exposure to actinic radiation functions catalytically as
15 shown in Equation 4, the amount of exposed light is
sufficient only to generate the acid, resulting in
reducing the light exposure energy amount.
The present invention is explained further in
detail referring to Examples, in which all parts and
20 percents are by weight, unless otherWise'specified.
A part of polymer, photoacid generators, and
ultraviolet absorbents used in the following Examples are
synthesized by, e.g. JP-A-4—210960 (= U.S.P. 5,216,135),
' JP-A-4-211258 (= U.S.P. 5,350,660 and EP 0,440,374), JP-
25 A-5-249682 (= E.P. 0,520,642), JP-A-4-251259, Y. Endo et
al.: Chem. Pharm. Bull., 32(12), 3753 (1981), M. Desbois
et al.: Bull. Chim. Soc, France, EEZE, 1956 (1974), or

C.D. Beard et al.: J. Org. Chem, §§, 3673 (1973), these



gl ycol, polypropyl ene glycol, etc., singly or as a m xture thereof.
The surfactant can be used in the resist mat eri al of the present

i nvention in an amount of 25 preferably 0.1 to 10 parts by weight, nore
preferably 0.5 to 5 parts by weight, per 100 parts by wei ght of the
pol ymer. Pattern formati on-uéPng the resist material of

- 54 - the present invention can be carried out as foll ows.

The resi st nate&%g{ of the present invention coated on a

seni conduct or s FSHEEANCST, HPLNE Fng9Ranpted b’(/\/a’feleffe%ed"ca%' to make the film

t hi ckness about 0.5 to 2.0 5 pm (when used as an upper layer in three

| ayers, about 0.1 - 0.5 pmin thickness), and prebaked in an oven at
70[err] to 130] r Il nutes, or on a hot plate at .70 to
130[err] C for 1%1?6(2&&#%%%3:{&3“ an?l]m.a resist film Then, a nmask for
form ng the desired pattergyhthdd s st 0Pol¢lpl NeetRSkFbthokspefppsed to
deep ultraviolet |ight of, e.g. 300 nmor |less at exposure dose of
about 1 to 100 ml/ cnleydtoxyotyosee) by baki ng on a hot plate at

70[err] to 150[err]C for 1 to 2 mnutes. Then, the developnent is
carried out 5 (lksing, e.RelY(p-tertibutoxysbtyhghaimbnfdm bydNérpde 15
(TMAH) aqueous solution for about 0.5 to 3 minutes by a dip nmethod, a

puddl e net hod, #&osi® £p wetlisty; dfw tghout &L, 000; Molecular weight

distribution (degree of dispersion) 1.16] in an amount of
15.9 g was suspended in isopropanol and added with 30 ﬁl.
of concentrafed hydrochloric acid, followed by reflux

10 with stirring for 4 hours. After cooling, the reaction
solution was poured into 3000 ml.of water for
crystallization. The deposited crystals were filtered,
washed with water and dried under reduced pressure to
give 10.5 g of white powdered crystals of poly(p-

15 hydroxystyrene). |
fZ) The poly(p-hydroxystyrene) obtained in above
(1) in an amount of 8 g and 2.4 g of ethyl wvinyl ether
were dissolved in 80 ml of ethyl acetate. After adding a
catalytic amount of p-toluenesulfonate pyridinium salt,

20 the reaction was carried out at room témperature with
stirring for 2 hours. After the reaction, the reaction
solution was concentrated under reduced pressure at room
temperature, and the residue was dissolved in 30 ml of
acetone. The resulting solution was poured into 2000 ml

25 of water to deposit crystals. The deposited crystals |
were filtered, washed with water and dried under reduced

pressure to give 9.2 g of white powdered crystals of



conventional nethod, to formthe desired pattern on the substrate.

As the devel oper used in various pattern 20 form ng nethods, there can be
used an aqueous al kali sol ution having a suitable concentation usually
0.01to 20% so as to make the difference in solubility between

exposed areas and non-exposed areas | arge-dépendi ng on solubility of

- the resist material. As.the aqueous alkali 25 solution, there can be use
an aquous solutlo contal ani ne such as TMAH, _.chol i ne,
triethanol an1né’ r%hé????&9x¥ﬁt ?é?' ORYT TR af RaOH,
KCH, etc. -

Si nce the pol ym%r’rr &° ?heonpr%fs eihl} | nven%?%?\xyetho}‘s%St¥ré?%eu?Jég|as?d mat er?al

has a small degng q%$ t f the
formul a [ 3] gﬁ‘d]@almryg r?le'ntg?l’on groupﬂﬁdé& OI‘ITU&LE!?(SQSI'[
can rel ease the gguyy 'mu&@%nﬁrws' lthel Relsi@t of @PESaraAudlentihtaci d

to be converted to al kali-sol uble conpared with the conventi onal

pol yners useds f aisiirif pollfstyrenaira9setd{midydaiss hshvowy Bs PORone; which
e.g. tert- but oxycar bonyl oxystyrene, tetrahydropyranyl oxystyrene, 10
tert-but oxystyr esheyws eMw -doflitalbopcta r BG0Orearind xiyhse ydesgiee of dispersiontdfit
it is possible to obtain high resolution and to naintain a stable
pattern dinmensi dnlfwing a period fromthe exposure to |light to heat
t r eat ment

Production Example 2
Synthesis of poly(P-l-methoxyethoxystyrene/p-
10 hydroxystyfene)

Poly(p-hydroxystyrene) in an amount of 8 g
obtained in the same manner as described in Production
Example 1 (1) and 2.2 g of methyl vinyl ether were
reacted and after-treated in the same manner as described

15 in Production Example 1(2) to give 8.6 g of white
powdered crystals of poly(p-l-methoxyethoxystyrene/p-
hydroxystyrene). The proportion of the p-1-
methoxyethoxystyrene unit and the p-hydroxystyrene unit
of the.obtained polymer was about 4:6 measured by 'H NMR.

20 Mw was about 17,000 and the degree of dispersion was 1.16

(GPC method, polystyrene standard).

- Production Example 3
Synthesis of poly(p-1-ethdxyethoxystyrene/p-
hydroxystyrene/p;isobutoxycarbonyloxystyrene)
25 (1) | Poly(p-hydroxystyrene) [mfd. by Nippon Soda

Co., Ltd., Mw about 8200, the degree of dispersion 1.05]



(baking). Further, the polyner of the present invention 15 contains the
hydr oxystyrene unit of the fornula [4], so that the polyner is

excell ent in heat resistance, resi stance to dry etching and

adhesi veness to the substrate. In addition, the polyner of the present
i nvention can contain the nonomer unit of-té#& formula 20 [5], so that
there can be obtained enl argenent of focus margi n, inprovenent of nmask

i \ d inhibiti =t ; ity eff
control o HBVEhoRFREFE.PE 1B7R.HcUEs dreBeTVed 1K FbIRL o 'Rebdn
BaV'”9.reDeat'”Qc#@é%é.Of?ﬁéﬁ, ?§ §°Bguk§okﬁ¥¥hsd§88¥ﬂoﬁg ecégnQﬁeQQE%h”Ed
y radi cal porymeri zation; baf Pt haS a [afge degreeé of di spersion.

Wen such a kn%g?aowssﬁt&i UAedrbRadbbRatat aflBl 81 b3l of triBenyesrkik! On

and mai nt enance pattern” size are as

- 56 - goRErasabedpafaethei P¥EBLIOA, whYt cikiied bukeht’ ¥bemof
the pattern dinension, there arises a problemin the shape of pattern

sidewal | s dugs tbtempérpagaredfbtedehoarsn Aftesiethbopeagtiohe bhtweehyl

nol ecul es at the tine of 5 devel opnent. In contrast, when the polyner of

t he pr esentacetvahei wvashunemoyed byunflistilidgtionofindespreduced is used
in the resist material, the shape of pattern sidewal|'s is bettered due

to control of dPF¥e8surecand the gegidupi wgsrdiespévedehnndPemdl €, al t hough

t he _
acetone. After pouring 1000 ml of water, crystals were

deposited. The deposited crystals were filtered, washed
10 with water and dried under reduced pressure to give 13.5
g of white powdered crytals of poly(p-hydroxystyrene/p-
isobutoxycarbonyloxystyrene). The proportion of the p-
hydroxystyrene unit and the p-
isobutoxycarbonylcarbonyloxystyrene unit was about 92:8
15 by the 'H NMR measurement.
(2) The poly(p-hydroxystyrene/p-isobutoxycarbonyl-
sttyrene) obtained in above (1) in an amount of 11.4 g
and 2.5 g of ethyl vinyl ether were reacted and after-
treated in the same manner as described in Production
'20 Example 1(2) to give 8.5 g of white powdered crystals of
poly(p-l-ethoxyethoxystyrene/p-hydroxystyrene/p-
.isobutoxycarbonyldxystyrene). The proportion of the p-1-
ethokyethoxystyrene'unit, the p-hydroxystyrene unit and
the p-isobutoxycarbonyloxystyrene unit was about 28:64:8
25 by the H NMR measurement. Mw was abbut 10,200 and the
degree of dispersion was 1.05 (GPC method, polystyrene

standard).



10 properties such as the maintenance of pattern size are equal to

those of the known polyners. In addition, heat resi stance is al so

i mproved conpared with the case of usi ng known pol yners. '

When one or nore polyners having repeating 15 units of the fornmula [1] and
a small degree of dispersion are m xed 6Bth a photoacid generator,
various problens of the prior art in the resist pattern formation using
dee ul t ravigl li.aht such .as KrF excimer |aser beans can be

sol Eed. Furt her ,P%taﬁtélrcé:lg’éln E%‘ragl\ﬁltfeie; resist material 20 having various

good properties and suita ravi o d Q.gﬂ XCi mer
| aser beans. %%Igénst 2&%093%{5 hgv%%&%%%{é%%g nléﬁg/ ﬁf t he
formula [1] and a small degrees0fsEShes BhOfet 6- 1 styreﬁ\é?h_tm or rmore
speci al photoacid generators as ™ 25 nentioned above, the resulting resist -

material is (@ff ecti ve Belly (PrEea-HoowEsioss £kdge § hatpea AhedOLh Othe

portions of the pattern and scuns. The conbination of a phot oaci d
gener at or of 5 heaher manner]l @s Aledorided daciFtkoduction Example 1(1) in an
- 57 - generator of the fornmula [17], [18], [20], [21] or [22] S
nor e preferabl eamoundi vifnd Shé ewaseswispended in isoproffenalesrsl atdent i al
of the present invention can be used for not only deep ultraviolet

light and KrF %ighcilfer mlasdy apngentrahed hysirioghlieric @aid.el &te on

reaction was carried out at 70° to 80°C for 4 hours with
stirring. After cooling, the reaction solution was

10 poured into 1000 ml of water to deposit crystals. The
deposited crystals were filtered, washed with water and
dried under reduced pressure to give 9.4 g of white
powdered crystals of poly(p-hydroxystyrene/p-tert-
butoxystyrene). The proportion of the p-hydroxystyrene

15 unit and the p-tert-butoxystyrene unit of the obtained
polymer was about 30:64:6 measured by 'H NMR. Mw was
about 17,500 and the degree of dispersion was 1.16 (GPC

method, polystyrene standard).

Production Example 5
20 Synthesis of poly(p-1—ethoxyéthoxystyrene/p—
hydroxystyrene)
Poly(p-hydroxystyrene) [mfd. by Nippon Soda
Co., Ltd., Mw about 8,200, the degfee of dispersion 1.05]
in an amount of 8.0 g and 2.4 g of ethyl vinyl ether. were
25 reacted.and after-treated in the same manner as described
in Production Example 1(2) to give 9.2 g of white

powdered crystals of poly(p-l-ethoxyethoxystyrene/p-



beans, soft X-rays, and the |like actinic radiation, for generating an

acid and exhi biting chem cal anplifying function. Reacti on
mechani snms are expl ai ned bel ow, when 10 the resist material of the present
i nvention i.s used. In the portion exposed to actinic radiation such as
Kr F exci mer | aser beans, deep ultraviol &8 F ght, etc., an acid is
generated by photo reaction as shown in Equation 1, 2 or 3:

[ Equation 1] zﬂﬁqﬁ?%ﬂ4é¥g%Qﬁ}1 %gguggéﬁg}égon[é¥réhe p-1-

- 58 - [ EQu
ethoxyethoxystyrene unit and the p-hydroxystyrene unit of

the obtained polymer was about 38:62 by the H NMR
measurement. Mw was about 10,200 and the degree of

5 dispersion was 1.05.(GPC method, polystyrene standard).

Production Example 6
Synthesis poly(p-l-methoxy-l-methylethoxy-
styrene/p-hydroxystyrene)
' Poly(p-hydroxystyrene) obtained in the same

10 manner as described in Production Example 5(1) in.an
amount of 8.0 g and 2.4 g of 2-methoxy-l-propene were
dissolved in 80 ml of tetrahydrofuran and added with a
catalytic amount of phosphorus oxychloride. The reaction
was carried out at room temperature with stirring for 16

15 hours. After the reaction, the reaction solution was
poured into 4000 ml of water to deposit crystals. The
deposited crystals were filtered, washed with water, and
dried under reduced pressure to give 6.8'g of white
powdered crystals of poly(p-l-methoxy—l—methylethoxy-

20 styrene/p-hydroxystyrene). The proportion of the p-1-
methoxy-l-methylethoxystyrene unit and the p-hydroxy-
styrene unit of the obtained polymer was about 40:60 by
the measurement of 'H NMR. Mw was about 10,200 and the
degree of dispersion was 1.05 (GPC method, polystyrene

25 standard).

Production Example 7



By heat treatnent subsequent to the |ight exposure step, the speci al
functional group (the 1- et hoxyet hoxy group in Equation 4) of the

pol yrmer of the present invention beconmes a hydroxyl group by a chem cal
5 change caused by the acid to nmake the polyner alkali - soluble at the
"tinme of developnment, resulting in di ssel ¥dng i n the devel oper. _

[ Equation 4] [err] On the other hand, since no

. d . d . _ d . . .
259 1S O Cven i1 subj cOYREROBIACAE PPORIREAT S RAFRBFhORRE CrreRe - 7°

phot oaci d generator protecis hlic nmoiety of t he pol yner
used for stengthening adheé 9%%% §¥§%8§%2

(1) p-tert-Butoxystyrene in an amount of 17.6 g
was dissolved in 30 ml_of isopropanocl and added with a
5 catalytic amount of 2,2'-azobis(2,4-dimethyl-

valeronitrile). The reaction was carried out in a
nitrogen stream at 55° to 60°C for 6 hours with stirring.
After cooling, the reaction solution was poured into 300
ml of methanol. After allowing to stand at room

10 temperature overnight, a supernatant waé rémoved by .
decantation. The residual viscous oily méterial was
dissolved in 20 ml of acetone, followed by pouring iﬁto
200 ml of methanol. A supernatant was removed by
‘decantation. The same procedures were repeated again to

15 deposit crystals. The deposited crystals were filtered
and dried under reduced pressure to give 14.1 g of white
powdered crystals of poly(p-tert-butoxystyrene). Mw was
about 21,000 and the degree of dispersion was 1.30.
(2) The poly(p-tert-butoxystyrene) obtained in

20. above (1) in an amount of 12.5 g was subjected to the
reaction and after-treatment in the same manner as
described in Pfoduction Example 1(1) to give 7.5 g of
white powdered crystals of poly(p-hydroxystyrene). Mw
was about 14,300 and the degree of dispersion was 1.27.

25 (3) The poly(p-hydroxystyrene) obtained in above
(2) in an amount of 7.0 g and 2.1 g of ethyl vinyl ether
were reacted and after-treated in the same manner as

described in Production Example 1(2) to give 8.0 g of



substrate fromthe wetting of the al kali devel oper. As 5 menti oned above,
when a pattern is formed by using the resist material of the present
“invention, since there arises a large difference in solubility betmeen
t he exposed portion and the non-exposed portion against the

al kal i devel oper, there can be obtained a-p6$i i ve-work 10 pattern having
good contrast due to strong adhesi veness to the substrate of the

polymer in the non expos ortlon capsing peeling of the film
at the time 4%Fﬁ9n° ¥§ﬁ?*ﬁw %%%(? aci d generated upon
exposure to actl i,c ra at i on. f nct a

Equation 4, the ) ?ﬁ¥é¥q°x ?) %P?)%;§Y&¥g§§é%yfg$¢¥c Zﬁ?é @8 otbgﬂe?gte

t he acid, result 1,{1:_90% I_e ho géll%}gé ué%ﬂé?&ﬁn?@?&%ﬁeeﬂ% r@ﬁ%é’g%rene

The present inventl S exp det al
Exanples, in V‘h'nﬁ{h.@'éf Perd Soﬁ’é@'ln&p&li%rt Oswai?é Cakbutesphgs W'@ﬁé

_othermﬁse speci fi ed. f pol ynmer, photoacid

generators, ad measuicérﬁézaw@fe‘m APRQI bt svags about tive sod,| @sagHexanpl es
are synthesized by, e.g. JP-A-4-210960 (= U.S.P. 5,216, 135), -

JP- A- 4- 211258 ( ddgired.of5, Bbphdatdli amdva® D, 2610 3T ) metitod, 250y StPUEH82 (=
E.P. 0,520,642), JP-A-4-251259, Y. Endo et al.: Chem Pharm Bull.
29(12), 3753 (198m®ndaxdDesboi s et al.: Bull. Chim Soc, France, 1974,
}928 51974), or C.DT Beard et al.: J. Og. Chem 38, 3673 (1973), these
Production Example 8
Synthesis of poly(p-l-ethoxyethoxystyreﬁe/p-
10 : hydroxystyrene/p-tert-butoxystyrene)
(1) p-Acetoxystyrene in an amount of 130.0 g (0.80
mole) and 24.9 g (0.14 mole) were dissolved in 220 ml of
toluene and added with a catalytic amount of 2,2'-
azobis(2,4-dimethylvaleronitrile). The reaction was
15 carried out in a nitrogen stream at 60° to 65°C for 5
hours ﬁith stirring. After cooling, the reaction
solution was poured into 2300 ml of methanol and allowed
to stand at room temperature overnight. A supernatant
was removed by decantation. Then, the residual wviscous
20 o0ily material was dissolved in 100 ml of acetone and
poured into 800 ml fo methanol. Then, a supernatant was
removed by decantation. The abeve-mentioned procedures
were repeated again. The deposited crystals were
filterfed and dried under reduced pressure to give 105.0
25 g of white powdered crystals of poly(p-acetoxystyrene/p-

tert-butoxystyrene). The proportion of the p-

acetoxystyrene unit and the p-tert-butoxystyrene unit of



ref erences being incorporated by reference. Production Exanple 1

Synt hesi s of poly(p-I-ethoxyethoxystyrene/p- hydr oxyst yr ene)
5 (1) Pol y(p-tert-butoxystyrene) [nfd. by N ppon Soda Co., Ltd.;
Mv about 21, 000; Mol ecul ar wei ght di stribution (degree of dispersion)
1.16] in an anount of 15.9 g was susperRleéd-in isopropanol and added
wth 30 . of concentrated hydrochloric acid, followed by reflux 10
with stirring f 0 g aGti I s
poured into 3008fle OH?QEEF %i&mgg &EQ ab%§$|?§a %0%9 *He %%ﬁ% te%n\q'&i
crystals were fbjftq{q‘ﬁm Mw e&,(%{ hlryvag@(g S .gg educed
pressure to give 10.5 g of white powdered cryst on p- 15

hydr oxystyrene) alspersﬁah was 1. Ibe(s@byﬁlathbdr owigyﬁrtgaaheoatt%ha%(m)n
above (1) in an amobunt of 8 g and 2.4 g of et hyl vinyl ether wer e

di ssol ved in 80(¢gh of et hnheacpalqt(@-aee‘etw;;y@i@m@(p tertzat al yti c anount
of p-toluenesul fonate pyridiniumsalt, 20 the reaction was carried out at
room t enper aSur butokirstyrenef)i obtadgnédr i hbowve. (At édn Bhecameantti of, 58h@
reaction sol ution was concentrated under reduced pressure at room
tenperature, and wae addedutondéOdindsofvemethaned mnhdofdded witht @34 gTld
resulting solution was poured into 2000 mM 25 of water to deposit
crystals. The degBePvEdSetpsignsot 15ﬁeFGtFPW?§P§aamW@§H§B WoFoxdOer- and

dri ed under reduced ressure to e ite po red crystals
of %he reactgon was carrgeg out b f?ﬂx&ngpw stirring

for 4 hours. After reaction, the reaction soltion was

10 cooled to room temperature and allowed to stand at room
temperaturé overnight. Then, 12.9 g of glacial acetic
acid was dropped into the reaction solution, néutralized
and concentrated under reduced pressure. The
concentrated residue was poured into 4000 ml of water to

15 deposit crystals. The deposited crystals were filtered
and dissolved in 60 ml of acetone, followed by pouring
into 2000 ml of water to deposit crystals. The deposited
crystals were filtered and dried under reduced_pressure
to give 38.6 g of white powdered crystals of poly(p-

20 hydroxystyrene/p-tert-butoxystyrene). The proportion of
the p-hydroxystyrene unit and the p-tert-butoxystyrene
unit of the obtained polymer was about 85:15 by the
measurement of 'H NMR. Mw was about 13,500 and the
degree of dispersion was 1.40 (GPC method, polystyrene

25 standard).

-(3) the poly(p-hydroxystyrene/p-tert-
butoxystyrene) obtained in above (2) in an amount of 8 g

and 1.1 g of ethyl vinyl ether were reacted and after-



- 61 - pol y(p- 1- et hoxyet hoxyst yrene/ p- hydroxystyrene). The

proportion of the p-1-ethoxyethoxystyrene unit and the p-

hydr oxystyrene unit of the obtained pol yner was about 35: 65 nmeasured by
[err]H NMR The result of GPC measurenent 5 using polystyrene as standard
was shown in Fig. 1, which shows Mwv of- #fowt 18,000 and t he degree of

di spersi on of 1.16. Production Exanple 2 Synt hesi s

ol (b hydr oxystSISRESS 1 7 oThe Seie BFtReG o= dggenilied 1h PRRSUSkioRanner
cther were rokansit 802) ve SRVBLE.G frotntbibhortuirera. Srusteltnes

of pol y(p- 1. met RSN Bk Stk gy tebfiofio Ao HPbt Gysty BT EEEEYS 9 2
the p-1- rretm;@weﬁéﬁayenerh@lﬁraﬁérwsnpofyéﬁémiyrene uni t of

t he obt ai ned pol yner was about 6 neasured by [err] 20 Mv was about
17,000 and the deghetyothskgpeysend whst . $he p-hydbkyseyhetde valiyshugene

: standard). Production Exanple 3 Synt hesi s of

pol y( p- I - et hoxyethmxystexrefimipoxystyrene unit in the obtained polymer was
about 20:65:15 by the measrement of H NMR. Mw was about
14,200 and the degree of dispersion was 1.39 (GPC method,

polystyrene standard).

10 Production Example 9 (Comparison)
Synthesis of p-cresol/m-cresol/formaldehyde
resin (Mw = 4000)
To a mixed solution of 30 g (0.28 mole) of p-
cresol, 30 g (0.28 mole) of m-cresol, 1.0 g of oxalic
15 acid dihydrate and 2 ml of water, 27.0 g of aqueous
solution of 37% formaldehyde was dropped at 100°C with
stirring, followed by reaction at 100° + 5°C for 4 hours
with stirring. After reaction, 1000 ml of water was
poured into the reaction solution for deposition. A
20 supernatant was removed by decantation. The deposited
material was dissolved in 60 ml of acetone, followed by
pouring of 600 ml of water for deposition. After
removing a supernatant by decandation, the deposited
material was concentrated under reduced pressure to
25 dryness to give 40.5 g of pale white waxy crystals of p-
cresol/m-cresol/formaldehyde resin. Mw was about 4000

and the degree of dispersion was 3.53 (GPC method,



hydr oxyst yrene/ p-i sobut oxycar bonyl oxystyrene) 25 (1)

Pol y( p- hydr oxystyrene) [nfd. by N ppon Soda Co Ltd., Mwv about 8200,

t he degree of dispersion 1.05] - 62 -
in an anount of 18.0 g was dissolved in 70 ml of ethyl acetate. Then,
3.5 g of isobutyl dicarbonate synthesized 69 -fromi sobutyl

chl orocarbonate and 3.0 g of triethylam ne were added and the reaction
was carried out ai rgon1 5 %ﬁgaergbure for 4 hours. After the reaction,

t he et hyl BReYETETRAE P 85%y distillation under reduced

pressure and the residue was dissolved in 70 m of - acetone. After
pouring 1000 m of water, crystals were deposited. The deposited

crystals were fbkggﬁggiowagggg?léglwian&gggggggq dried under reduced

pressure to give 1 I'te powdered crytal s of
pol y(p- hydroxystyrene/ p- synthHesdRU0E Yraraaml axwsiditiaoxyhe proportion

of the p- hydr oxystyrene unit and the p-
i sobut oxycar bonyl car bony| aetdiyesizenenidtesdas about 92:8 15 by the 1H NWR
measur enent . (2) The pol y(p- hydroxystyrene/ p-i sobut oxycar bonyl -
oxstyrene) obtained in abepr€rebpli dn@emeneuntofofl B84 44 g (0.3Hnddd &) g of
ethyl vinyl ether were reacted and after- treated in the sane manner
as described i naP@odBePi an(0285Emakpl) cof( Zylepegpy &-8i9lgwerendissodander ed
crystal s of polygp-lzethoxyethoxystyreneLp:hydrox%st%rene/ -

with” heating, followed by addition of 0.15 g o

methanesulfonic acid at 90° to 100°C. The reaction was
carried out at 90° to 100°C for 2 hours with stirring.
10 After cooling, 100 ml of acetone was poured into the
reaction solution. After dissolving, the reaction
solution was poured into 2000 ml of water and stirred.
After allowed to stand, a supernatant was removed by
decantation. The residue was dissolved in 100 ml of
15 acetone, followed by pouring into 2000 ml of water and
stirring. After allowed to stand, a supernatant was
removed by decantation. The residue was dried under
reduced pressure to give 65.0 g of pale yellowish
- powdered crystals of p-cresol/l,4-dihydroxymethylbenzene
20 polycondensate. Mw was about 6,700 and the degree of

dispersion was 3.50 (GPC method, polystyrene standard).

Production Example 11
Synthesis of poly(p-l-ethoxyethoxystyrene/p-
hydroxystyrene/tert-butyl methacrylate)
25 (1) p-tert—Bufoxystyrené purified in a nitrogen

stream in an amount of 15.9 g (90 millimoles) and 17.1 g



| sobut oxycar bonyl oxystyrene). The proportion of the p-I-

et hoxyet hoxystyrene uni.t, the p-hydroxystyrene unit and t he

p- i sobut oxycar bonyl oxystyrene unit was about 28:64:8 25 by the [err]H NWR
measurenent. Mwv was about 10,200 and the degree of dispersion was 1.05
(GPC net hod, pol ystyrene standard). - 70 -

- 63 - Production Exanple 4 Synt hesi s of

ﬁ;h?égyitsﬁgﬁéyp §¥S{%g§§§é$§r%ﬂexert bu%g} methacrylate were dissolved

Protubti on Examphb 4q A1 1 ape L8 “CobBahySrordesf CeqEioRanEy BISFIRE" "

[ | d h d.
The e react | ot as2id o atref t}%{:fgﬂgﬁferrf%?f g.é}gour §'ben
Stirring. ATter soayinenidf ($20'hPM BRLIEEPNLNAS né&ogéﬂrsérégﬁ.oaéooo n

of water to deposit crystals. deposited crystals were | tered,
washed with vgt er7gmao -70°dli edhandeéa&eduﬁedaﬁreaimtedt 6ugi ue 274°oref
white powdered crystals of poly(p-hydroxystyrene/p-tert-

but oxyst yrene) . TMCpifaport ihmurofwitthe stirpdmgry s tafitere stdppimid tdwed t he
p-tert-butoxystyrene unit of the obtained pol ymer was about 30:64:6
measured by 1H NdRctlpneby pourimeudO 1Ml 500 methanel detheerefctieper si on
was 1.16 (GPC met hod, pol ystyrene standard

solution was pouréd into 1000 ml of methanol at room
temperature. The deposited viscous oily material was

10 separated, washed with methanol and concentrated under
reduced pressure to give.15.6 g of white powdefed
‘crystals of pély(p—tert-butoxystyrene/tert-butyl
methacrylafe). Mw was about 12,000 and the degree of
dispersion was 1.12 (GPC method, polystyrene standard).

15 (2) - The poly(p-tert-butoxystyrene/tert-~butyl
methacrylate) obtained in above (1) in an amount of 14.0
g was reacted and after-treated in the same manner as
described in Production Example 1(1) to give 9.4 g of
white powdered crystals of poly(p-hydroxystyrene/tert-

20 butyl methacrylate). The proportion of the p-
hydroxystyrene unit and the tert-butyl methacrylate of
the obtained polymer was about 9:1 by the measurement of
H NMR. Mw was about 8,500 and the degree of dispersion
was 1.12 (GPC method, polystyrene standard).

25 (3) The poly(p-hydroxystyrene/tert-butyl
methacrylate) obtained in above (2) in an amount of 8.0 g
and 1.5 g of ethyl vinyl ether were reacted and after-

treated in the same manner as described in Production



Production Exanple 5 20 Synt hesi s of

pol y('p- 1- et hoxyet hoxyst yr ene/ p- hydr oxyst yr ene)

Pol y( p- hydroxystyrene) [nfd. by N ppon Soda Co., Ltd., Mwv about 8, 200,
t he degree of dispersion 1.05] in an anount of 8.0 g and 2.4 g of

ethyl vinyl ether were 25 reacted and aftét-treated in the same nanner as
descri bed I n Production Exanple 1(2) to give 9.2 g of white

powder ed crysta 5 Of XQQ)%oThg%éY%t%péy%%y&ﬁlﬁﬁppoWPered crystals of.

- 64 - pr opor

pol ymr. 32?3%%‘35%5 g PRy R - R s i rene e AT R 7

10, 200 and the ﬁte%sergﬁateﬁ di Ther womoia ®% ¢H_Cpmthod, polystyrene
standard) ) Production Exanpl e Synt hesi s

pol y( p- 1- met hoxgthoRgekybaia®yyene unlt, the p-hydroRyeUyrand @t \Wrene)
Pol y( p- hydroxystyrene) obtained in the sane 10 nanner as described in

Producti on ESanmghe §étt-botgl methasagilatteolinitOof ahe dbtajneid polymer
2- met hoxy- 1- propene were di ssolved in 80 m of tetrahydrofuran and
added with a  wascabahyt 25:485006t measpiredpbyr U8 MMRch| Mwi Was T02008aeniion

was carried out at roomtenperature with stlrrlng for 16
the degree of dispersion was 1.12 (GPC method,

polystyrene standard).

Production Example 12
10 Synthesis of poly(p—1—ethoxyefhoxystyrene/p-
hydroxystyrene/acrylonitrile)
(1) p-tert-butoxystyrene in an amount of 15.9 g
(90 millimoles) and 0.8 g (15 millimoles) of
acrylpnitrile were reacted and after-treated in the same
15 manner as described in Producfion Example 11(1) to give
14.8 g of white powdered érystals of poly(p-tert-
butoxystyrene/acrylonitrile). The proportion of the p-
tert-butoxystyrene unit and the acrylonitrile unit of the
obtained polymer was about 9:1 by the measurement of H
20 NMR. Mw was about 12,000 and the degree of dispersion
was 1.15 (GPC method, polystyrene standard).
(2) The poly(p-tert-butoxystyrene/acrylonitrile)
obtained in above (1) in an amount of 13.5 g was reacted
and after-treated in the same manner as described in
25 Production Example 1(1) to give 8.9 g'df white powdered
crystals of poly(p-hydroxystyrene/acrylonitrile). Mw was

about 8,300 and the degree of dispersion was 1.12 (GPC



15 hours. After the reaction, the reaction solution was - poured into

4000 mM of water to deposit crystals. The deposited crystals were

~filtered, washed with water, and . dried under reduced pressure to give
6.8 g of white powdered crystals of po%y(pél-nethoxy-l-nethyIethoxy-

20 styrene/ p-hydroxystyrene). The proporti &% of the p-1-

nmet hoxy- 1- net hyl et hoxystyrene unit and the p-hydroxy- styrene unit of

t he obt ai ned pg%%ﬁgédﬁ?ﬁigg{ré%%?%gxd?r%?t he neasurenent of [err]H NWVR

Mv was about 1 a grée o Spersion was 1.05 (GPC net hod,

ol ystyrene 25 andar d L ' I A
P 6% by (§3 )Thﬁe§°lY( ggpg%%?%yg?%ﬁg/gc lonitrile)

Synt ) oxyet hoxystyrene/ p-
hydroxystyrene)optainéd)in abov®- {2}t 1BUARXARGNAENSE! 8. 8NgawRENLeELdd 6 9
was dissolved in 30 m of isopropanol and added with a 5 catal ytic anount
of 2,2'-azobi s(ahd-gftetyteated inl ehensame!| anndhcaseaestpibrasifarried -
out in a nitrogen streamat 55[err] to 60[err]C for 6 hours with
stirring. 5 ArroduciobbnnExampkert62)i bo goivetB8ob gasfpehitd powdeBa

m of nethanol. After allowing to stand at room 10 tenperature overnight,
a supernat ant werystabs eof byoly (pdbcabhexyebhoAyietyrend/nt vi scous oily

materi al was di ssolved in 20 ml of acetone, followed by pouring into
hydroxystyrene/acrylonitrile). The proportion of the p-

l-ethoxyethoxystyrene unit, the p—hydroxystyrene.unit and
the acrylonitrile unit was about 25:65:10 by the

10 measurement of 'H NMR. Mw was about 9,800 and the degree
of dispersion was 1.12 (GPC method, polystyrene

standard).

Productin Example 13

Synthesis of poly(p-l-ethoxyethoxystyrene/p-

15 _ hydroxystyrene/p-tert-butoxycarbonyloxy-
styrene)
(1) The same poly(p<hydroxystyrene) as used in

Production Example 3 in an amount of 16.2 g was dissolved
in 60 ml of ethyl acetate, and added with 3.0 g of di-

20 tert-butyl dicarbonate and 2.7 g of triethylamine. The

| reaction was carried out at room temperature for 4 hours
with stirring. After the reaction, the ethyl acetaté was
remoﬁed by distillation under readauced pressﬁre. The
-residue was dissolved in 80 ml of acetone and poured into

25 1000 ml of water to deposit crystals. The deposited
crystals were filtered, washed with water and dried under

reduced pressure to give 15.5 g of white powdered



200 M of nethanol. A supernatanf was renoved by decantation. The sane
procedures were repeated again to 15 deposit crystals. The deposited

crystals were filtered and dried under reduced pressure to give 14.1 g
of white powdered crystals of poly(p-tert-butoxystyrene). Mv was
about 21,000 and the degree of dispersion-wa&s t 30. (2) The

pol y(p-tert-butoxystyrene) obtained in 20 above (1) in an amount of 12.5 g
was subjected tg e Lpn .and after-treatnept jn the same manner
as Jdescritmﬁ#§$??%%d%%tﬁ%%ygg%ﬁ%#%9§¥§§yf%93}QéQ9F%'g of mhited
powder ed cryst al - e). s_about . 14, 300 an

t he degree of cHéﬁé§§g§é?%é§£¥§%£g¥§é%ﬁg?3) Tﬁ@/prQ%%¥@1°§'°¥ t%e p

pol y(p- hydr oxystyy@rey S8fpéme duh It 3y €the p-£&tln an amount of 7.0 g and
2.1 g of ethyl vinyl éether - were reacted and after-treated in the sane

manner as RS+ PESr bdnyt Gty fend et cof (Bhe t GbBa V€@ folyRér was
- 66 - whi te powdered crystals of poly(p-1-

et hoxyet hoxys3 yradmmitp-9/B doy Stlye emsdsurdment oppriH oIMRf Mw wdie about

p- 1- et hoxyet hoxystyrene unit and the p-hydroxystyrene unit of the

obt ai ned pol ynmer8 St tlzy . Ggise tok dispemsibonm enasit 1 095 [ €EPE HndiRoA My
was about 17,500, and the degree of dispersion was 1.26 (GPC nethod,
pol ystyrene pokvgigarene standard).

(2) The poly(p-hydroxystyrene/p-tert-
butoxycarbonyloxystyrene) obtained in above (1) in an
10 amount of 14.0 g and 2.8 g of ethyl vinyl ether were
reacted and after-treated in the same manner as described
in Production Example 1(2) to give 14.0 g of white
powdered crystals of pdly(b-1-ethoxyethoxystyrene/p—
hydroxystyrene/p-tert-butoxycarbonyloxystyrene). The
15 proportion of the p-l-ethoxyethoxystyrene unit, the p-
hydroxystyrene unit and the p-tert-
butoxycarbonyloxystyrene unit was about 30:62:8 by the
measurement of 'H NMR. Mw was about 10,300 and the
degree of dispersion was 1.05 (GPC method, polystyrene"
20 standard).

Reference Example 1
Synthesis of poly(p-tert-butoxystyrene/p-
hydroxystyrene)
Poly(p-tert-butoxystytrene) [mfd. by Nippon
25 Soda Co., Ltd., Mw = about 21,000, the degree of
dispeision = 1.16] in an amount of 15.0 g was dissolﬁed

in 150 ml of 1,4-dioxane. After adding 10 ml of



Producti on Exanple 8 Synt hesi s of
pol y(p-1|-ethoxyet hoxystyrene/p- 10 :

hydr oxystyrene/ p-tert-but oxystyrene) (1) p- Acet oxystyrene in an
amount of 130.0 g (0.80 nole) and 24.9 g (0.14 nole) were dissolved in
220 m  of t ol uene and added with a.cat@#yti c anount of 2,2'-

azobi s(2, 4-dimethyl val eronitrile). The reaction was 15 carried out in a
A ter cool i ng. CReSRERERT By RaEREAS ek R A L A S e
mehanol and o et gor b8 B5A%AE MM PR EAURT Sheel whe
o ethanol - ThessSr Sl ¥hd Tekilihifin Coltfalcal G boured &S 100Q #2201
above- ment i oned g QRAUH &% depdiBie dreRaAhl AUt asPus HRRD Tiyask LYy st al s

wer.e filterred and dried under reduced pressure to give 105.0 25 g of
white powder &d Gl #id teirdd) Washeek twagls watare/gnd dried under reduced
tert-butoxystyrene). The proportion of the p- acet oxystyrene unit and
t he p-tert-but opressueee tmigivef 9.8 g of white powdered crystals of - 67
- t he obt ai ned pol yner was about 85: 15 by the neasurenent of
[err]H NVR  Mv medvdrothert-oexust ynenafmphydnsgxystyrefisher sihsh was 1. 42
(GPC net hod, pol ystyrene standard). 2 The

pOIy(p-acetOxysPWQBﬂyﬁ%QRﬂqf the p—tert-gﬁgoxystyrene unit and the p-

hydroxystyrene unit of the obtained polymer was about
10 30:70 by the measurement of 'H NMR. Mw was about 16,000
and the degree of dispersion was 1.16 (GPC method,

polystyrene standard).

‘Reference Example 2
Synthesis of poly(p-tetrahydropyranyloxy-
15 styrene/p-hYdroxystyrene)_
Poly(p-hydroxyétyrene) [mfd. by Nippon Soda
Co., Ltd., Mw = about 8,200, the degree of dispersion =
1.05] in an amount of 9.0 g was dissolved in 100 ml of
1,2-dimethoxyethane, followed by addition of 12.6 g of
20 2,3-dihydropyrane and 0.5 ml of sulfuric acid. The
reaction weas carried out at 30° to 40°C for 15 hours
with stirring. After the reaction, the reaction solution
was concentrated under reduced pressure. The residue was
neutralized with sodium carbonate and poured into 1000 ml
25 6f water to deposit crystals. The deposited crystals
were filtered, washed with ﬁater and dried under reduced

pressure to give 11.0 g of white powdered crystals of



5 but oxystyrene) obtained in above (1) in an amount of 58.0 . g was
added to 460 m of nethanol and added with 234 g of aqueous sol ution
of 15%t et ranet hyl amoni um hydr oxi de. The reaction was carried out by
refluxing with stirring for 4 hours. After reaction, the reaction
soltion was 10 cooled to roomtenperature @Rd-all owed to stand at room
tenperature overnight. Then, 12.9 g of glacial acetic acid was dropped

to th t | Ut duced
oressure. The  BoisstEa awési#%ﬁﬁom%stﬁ%% SRR e er to
i sso ved | ﬁrééhﬁiégfg}%g?%@'éfe%ﬁm@t Wy i lonystyiiie unje
water to deposi tarff WHelpihyd¥oHRR A drRd un:Lt &fya{éll&ﬂ@ireed d Bl apsks

dri ed under reduced pressure to give 38.6 g of white po ered crystals

of poly(p- 20 REbaxBHIEENS fche edutireneity (@NeH NIRe pMap@als aboRft
t he p-hydroxystyrene unit and the p-tert-butoxystyrene unit of the

obt ai ned pol el oy@OmlEmd e dedned lvef disperssicon eveentl 45 [ @PG Hhédkdd My
was about 13,500 and the degree of dispersion was 1.40 (GPC nethod,

pol ystyrene 25pstlystynne standagd). t he pol y(p- hydroxystyrene/p tert-
but oxystyrene) obtained in above (2) in an anmount of 8 g and 1.1 g of

et hyl vinyl ether were reacted and after-

- 68 - treated in the sa anner as described in Production
Reference Example

Synthesis of poly(p-tert-butoxycarbonyloxy-
styrene/p-hydroxystyrene)

10 The same poly(p-hydroxystyrene) as used in
Reference Example 2 in an amount of 9.0 g, 5.3 g of di-
tert-butyl dicarbonate and 9.0 g of triethylamine were
reacted and after-treated in the same manner as described
in Production Example 13(1) to give 10.1 g of white

15 powdered crystals of poly(p-tert-
butoxycarbonyloxystyrene/p-hydroxystyrene). The
proportion of the p-tert-butoxycarbonyloxystyrene unit
and the p-hydroxystyrene unit of the obtained polymef was
about 3:7 by the measurement of 'H NMR. Mw was about

20 10,300 and the degree of dispersion was 1.05 (GPC method,

polystyrene standard).

Example 1
A photoresist material having the following
compositin was prepared.
25 Poly(p-l-ethoxyethoxystyrene/p~hydroxy

styrene)_[Polymer of Production



Exanple 4(2) to give 8.8 g of white powdered crystal s of

pol y( p- 1- et hoxyet hoxyst yr ene/ p- hydr oxystyrene/ p-tert- " but oxystyrene).
The proportion of the p-1- 5 et hoxyet hoxystyrene unit, the

p- hydr oxystyrene unit and the p-tert-butoxystyrene unit in the
obt ai ned pol yner was about 20:65: 15 by 7the neasrenent of [err]H NMVR
Mv was about 14,200 and the degree of dispersion was 1.39 (GPC net hod,

pol ystyrene standard). 0 Pr ion 9 (Cbnparlson)
Synt hesi s of p-cresol/nwcr%%%?? ﬁg 8éhyﬁégpi? resin (Nﬁ

4000) To a f fohﬁﬁégﬂgf ?lgui? §1?§L§L0Qf p- g

cresol, 30 g (0.28 nole) o n}cfeso oxa aci d dlhydrat
and 2 m of water, 27.0 g gftREHEOUS solutlon of 37% f or mal dehyde was
dr opped at 100[err]C mnth stirring, followed by reaction at 100[err]

S[err]C for 4 hours vBiB(pLtbLuBHesAl EBhylgathroneth8Ae M of vateg
was poured into the reaction solution for deposition. A 20

super nat ant v@s renoved byrpHepgbénéi ghycdhemdapmethgdl ethermateri al was

di ssolved in 60 nml of acetone, followed by pouring of 600 m . of water
for deposition. After acetreteng a supernatant by decandation, #Be7 g
deposi ted material was concentrated under reduced pressure to 25
dryness to give 40.5 g of papatwprnefommgtippspapsess psing the above-

cresol /mcresol/fornal dehyde resin. Mv was_ about_ 4000 and, the degree of
di spersi on was ?@ﬂF%QﬁQ§rﬁﬁ$&§ﬁ material is explained referring to Figs.

2A to 2C.

10 _ On a silicon substrate 1, the above-mentioned
resist material 2 was spin coated and prebaked at 90°C
for 90 seconds on a hot plete to obtain a resiet.material
film of 1.0 ﬁm thick (Fig. 2A). Then, the resist
material film was selectively exposed to KrF excimer

15 1laser beams 3 of 248.4 nm through a mask 4 using KrF
excimer lase; stepper (NA 0.55) (Fig. 2B). After hot
baking at 100°C for 90 seconds on a hot plate, the resist
material film was developed with an alkali developing
solution (aqueous solution of 2.38% tetramethylammonium

20 hydroxide) for 60 secoﬁds to dissolve and remove only
exposed aree of the resist material. As a result, a
positive type patfern 2a was obtained (Fig. 2C). The
resulting positive type pattern had a rectangular shape
with a resolution of line/space of 0.20 pm. The exposure

25 amount was 24 mJ/cmz.

Heat resistance of the resist material was
mesured as follows.

After exposure and development of the resist



- 69 - pol ystyrene standard). Producti on Exanple 10

( Conpari son) Synthesi s of p-cresol/1, 4-di hydroxy- _ :
nmet hybenzene resin 5 p-Cresol in an anount of 38.4 g (0.36
nol e) and 35.0 g (0.25 nole) of xylene-a,a-diol were dissol ved

with heating, followed by addition of 0.157% of met hanesul foni ¢ acid
at 90[err] to 100[err]C The reaction was carried out at 90 to

wes pour ed i e PIREETeL ‘Teouef chifen R a hoF RF SR 88 1PRg TR 1oy one
soluton vas pouredkig! 0r3000,84 Bh YBLEFVARLALbE e snack! " gobOYR

to stand, a super nat ant was reno ecantation € resi| due

di ssol ved in 10fbfﬁm@$suﬁﬁ1?0€ﬁ@r@iméﬂéi8ﬂ\@d BY ROHEERYL] Nh0rdleangli1at

wat er and stirring. After allowed to stand, a supernatant was

renoved by decagh&@pe apf TiefSpaceconaS.25i gl wadefesolvedetucadmpteradte
to give 65.0 g of pale yellow sh powdered crystals of

p-cresol /1, 46 ditgstotames hgf btine eresi @0 fiblmcondensate. Mv was about 6, 700
and the degree of di spersion was 3.50 (GPC nethod, polystyrene

st andard) . Product ¥™he pastpre dimentional changeSypthethe dpapse

poIy(p-l-ethoxyethoxystgrene/p- . hédrox styrene/tert-butél
met hacryl ate) @6 timg from theexposurexietlight Borfhechesh braptmenén

(post baking) of the resist material was measured. The
line/space of 0.25 pm was resolved even after 3 hours

10 without any problem.

Further, as shown in Fig. 3, when the resist
material of the present invention was used, the mask
linearity was good until 0.25 pm. In addtion when
exposed to light by defocus, no deterioration of shape

15 was admitted by *0.7 pm against the line/space of 0.25
pm. This means that a sufficient focus margin was
obtained. The pattérn shape was as shown in Fig. 4,
wherein the pattern sidewalls were smooth and no scum was
observed.

20 When the resist material of the present
invention was stored at 23°C for 1 mohth and subjected to
pattern formation in the same manner as described above,
é positive type pattern with the line/space of 0.20 um

was resolved. Thus, the storage stability was good.

25 Examples 2 to 22
Various photoresist materials as shown in

Tables 1 to 8 were prepared.



streamin an anmount of 15.9 g (90 mllinoles) and 17.1 g

- 70 - (12 mllinoles) of tert-butyl methacrylate were dissol ved

in 90 m of dried tetrahydrofuran, followed by pouring into 250 m of
dried tetrahydrofuran containing n- butyllithium (3.0 mllinoles) in a
nitrogen stream at 5-78 to -70[err]C. Fhé&8reaction was carried out at
-78 to -70[err]C for 1 hour with stirring. After stopping the

reaction by pouring 30 ml of nethanol, thEaktection solution was .
poured into 1000 m of nethanol at room tenperature. The deposited
viscous oily ma ' '

concentrated unfigizxam- | PERHGRN RO 'Elibz@&é‘@yzl&@/ darbkye powder ed
crystals of pol

-buto sty e/t ert acryl ate) vlas
" about 12,000 an %‘¥ [P0 ?gé?[%s&i 1gf(GPC met hod® 0%
pol ystyrene stampdard). Hib(Iémethyletﬂymsulfonyl)dlazomethane 0.2 g

pol y(p-tert-but xystyrezggéégénggﬂéﬁlfon 1{F§ {ﬁgﬁg obt ai ned i npapoye

(1) in an anmoun was rea ter treated in the sa
manner as cPF9P¥$QRﬁuﬂ4¥ﬁp¥3ﬂﬁﬂﬂ¥ﬁﬁﬂﬂ. 3 &heFve 9.4 g of

whit e powdered adetwtey (p- hydroxystyrene/tert- 20 butyl 23.7 g
et hacryl at e) . ortion . of the h\/rlr [aWVAVIS EVI-YaT= ot and -t he

tert-butyl nethigigdmal 6 1i$§&5&§ iﬁ%?@@ﬁ?gﬁﬁk /9:1 by thsg
measur enent of - [en r;l-%ﬁ?%xmyrésne olyme:?OoP heEdeggfe oé 0

di spersion ple 3 g
Bis(cyclohexylsulfonyl Jdiazomethane : 0.2 g
Benzoylbenzenesul fonyldiazomethane 0.1 g

Propylene glycol monomethyl ether
acetate 23.7 g

Exam- | Poly(p-l-ethoxyethoxystyrene/p-hydroxy-

ple 4 | styrene) [Polymer of Pro. Ex. 1] 4.5 g
Poly(p-1l-ethoxyethoxystyrene/p-hydroxy-
styrene) [Polymer of Pro. Ex. 5] 1.5 g
Bis(1l,1l-dimethylethylsulfonyl)-
diazomethane 0.3 g
N,N-dimethylpropionamide 0.3 g

Propylene glycol monomethyl ether
acetate 23.4 g

Exam- | Poly(p-l-ethoxyethoxystyrene/p-hydroxy-
ple 5 | styrene/p-isobutoxy carbonyloxystyrene)

[Polymer of Pro. Ex. 3] ' 6.0 g
Bis(cyclohexylsulfonyl Jdiazomethane 0.2 g
Bis(p-toluenesulfonyl )diazomethane 0.1 g

Propylene glycol monomethyl ether
acetate ' 23.7 g




was 1.12 (GPC net hod, polystyrene standard). 25 (3) The :
pol y( p- hydr oxystyrene/tert-butyl nmet hacryl ate) obtained in above (2) in
an amount of 8.0 g and 1.5 g of ethyl vinyl ether were reacted and
after- treated in the sane manner as described in Production

- 71 - Exanple 1(2) to give 8.6 g of WRi te powdered crystal s of

- pol y(p-1-ethoxyet hoxystyrene/ p- hydroxystyrene/tert-butyl

met hacryl ate). The proportion of the p-1- TableeZhoxyethoxystyrene unit,
t he p-hydroxystyrene unit and 5 the tert-butyl nmethacrylate unit of t he
obt ai ned pol yner, \as—about—25.65.-10 ‘

10, 000 and tHianfle §res i p-di SOSHRdE sltﬂﬁeﬁé?&m?afwy
pol ystyrene stanpdar d) Pr oduct j qg P 1
Synthesi s of poll\R %r? tFBERRAHRT RN gt?+é1,z<bxy 'tyrene) Polymer

hydr oxyst yr ene/
amount of 15.9

crylonltaflkﬂo. Ex. (4) -tert-butoxystyrene if.Qng

Ae { adoles) of g 5
acrylonitrile re reac r#Fiqﬁéﬁy%reate&%jh'%?5@%$% 15 manner as g

described in Pr ductiorT§&ﬂﬂ#@¥%§3¥5°ﬁ%#@l9¥4f1u°rqmﬁYP§P%ﬁ whi te powderled
crystals of pol y(p-terf-sulfondtd oxystyrene/acrylonitrile). The proportgdn

of the p- tert-but re U e acrylonitrile unit o h
| GsLEEnEH Hdaddh L0g b.1"§

obt ai ned pol ynreq was al Neasurenent of [err]H
Propylene glycol monomethyl ether

acetate 23.6 g

Exam- | Poly-(p-1l-ethoxyethoxystyrene/p-hydroxy-

ple 7 | styrene) [Polymer of Pro. Ex. 5] 6.0 g
Bis(cyclohexylsulfonyl)diazomethane 0.4 g
2,2',4,4'-tetrahydroxybenzophenone . 0.1 g
N,N-dimethyloacetamide ' 0.2 g
Trioctylamine _ 0.1 g

Propylene glycol monomethyl ether .
acetate 23.2 g

Exam- | Poly(p-l-ethoxyethoxystyrene/p-hydroxy
ple 8 | styrene/p-isobutoxycarbonyloxystyrene)

[Polymer of Pro. Ex. 3] ' 4.5 g
Poly(p-l-ethoxyethoxystyrene/p-hydroxy-

styrene) [Polymer of Pro. Ex. 5] 1.5 g
Bis(cyclohexylsulfonyl Jdiazomethane 0.3 g
2-p-Toluenesulfonyl-2-cyclohexylcarbonyl-
propane 0.1 g

Methyl 3-methoxypropionate 23.6 g




20 NMR Mv was about 12,000 and the degree of dispersion
nmet hod, pol ystyrene standard).
pol y(p-tert-butoxystyrene/ acrylonitrile)
anount of 13.5 g was reacted

described in

(2) The

obtai ned in above (1)
and after-treated in the sane manner as
25 Production Exanple 1(1) to&l ve 8.9 g of white powdered

was 1.15 (GPC

in an

crystals of poly(p- hydroxystyrene/acrylonltrlIe) Mv was about 8, 300
and the degree of dispersion was 1.12 (GPETable 3

- 72 - nmet hod, pol ystyrene standard). (3) The

pol y(p- hydroxyst"f°“°’°“'"'"“'ff"ﬂ‘ bt i

Snnuntbog 8.0 g\mghmeac1@@1y(p_ﬁmméﬁﬁ eﬁudxygﬂyﬁéhéjylsane manner ag
escribed in 3 Product e 1l ive it 0 e
crystal's of pol §(&* %th g‘é’éﬁ’d&o &1?)8/&% phier ot 8. Wi SPOEY G

hydr oxyst yrene/ gcryl oni t
1- et hoxyet hoxystlyrene un
acrylonitrile ufjit was a
NVR.  Mwv was abqut 9, 800

Bis)(1 mmemmnemxylaunﬂwm)—

a1 dZMmdtHANdY oxystyrene unit and
)out 25 65: 10. by _t he

e (Brdalugnesul fonyd) 4 h@Penas 1.

t he
10 nmeasurenent of [err

04

nmet hod, pol ystyiene thmazuﬁno—phenanﬁﬁmmMmt|n Exanpl e 13 0.2 g
v oxyst yr et i £ o7t - bu| SE e by Bo¥eet Honchibthyl ether
acetate 23.4 ¢
Exam- Poly(p-l-ethoxyethosttyrene/p-
ple 10 hydroxystyrene/p-tert-butoxystyrene)
[Polymer of Pro. Ex. 4] 4.0 g
Poly(p-I-ethoxyethoxystyrene/p-
hydroxystyrene) [Polymer of Pro. Ex. 2] 2.0 g
‘Bis(cyclohexylsulfonyl )diazomethane 0.3 g
Bis(2,4-dimethylbenzylsulfonyl)-
diazomethane ' 0.1 g
N, N-dimethylpropyonamide 0.3 g
Propylene glycol monomethyl ether
acetate ' 23.3 g




styrene) (1)

Production Exanple 3 in
et hyl acetate,
2.7 g of triethylam ne.
tenperature for 4 hours

and added with 3.0 g of di-

The sane pol y(p-hydroxystyrene) as used in
an anount of 16.2 g was dissol ved
20 tert-butyl
reaction was carried out at

"The room

with stirrimg.8Wfter the reaction, the ethyl

The

in 60 m of
di car bonat e and

acetate was renmoved by distillation under
resi due was dissolved in 80 ml of acetone and
water to deposit crystals. The deposited

readauced pressure.
& into 25 1000 m of
crystals were filtered, washed

wi th water and -
Pol vy oxysh yramel p{ et P et B oyt By e
B?o%o?t i gn of yt héiﬁ-f'[[p S'?Kﬁﬁrb%(bs[t%l%ﬂ%gﬂn?{mpa%%’t : >|c;i-fertL 6.0 g
but oxycar bonyl dxyst yr enq rrfiresgl frrecxgrel fEerppldehydeas 5 about 92: 8] by
the measurement| of [enjfé@@ﬁ?oﬁ@gﬂggt@b lycondén$¥Pte ah# the degree of
di spersion was |1. 05 (GP¢ net'haod, pol yst'yrene standard). 2
The pol y(p- hydrjoxyst yr eddifR1 &%~ 91 but oxycar bonyl oxystyrene) o téi%ej
in above (1) in an 10 |Bdsfdyaclioliekylsubfohyl fiipzdmetighevi nyl @tBey |
B et on e a2 [ EGEMERgM e same mmer os dener vt 0ol "
pol y( p- 1- et hoxylet hoxyst yr&ridgrofluorene . 0.1 g
Fluorine-containing nonionic surfactant
[Commercially available] 0.1g
N, N-dimethylacetamide 0.2 g
Propylene glycol monomethyl ether
acetate 24.7 g
‘Exam- Poly(p-l-ethoxyethoxystyrene/p-
ple 12 | hydroxystyrene) [Polymer of Pro. Ex. 1] 6.0 g
p-Cresol/m-cresol/formaldehyde
polycondensate [Polycondensate of
Pro. Ex. 9] 0.5 g
Bis(1, 1-dimethylethylsulfonyl)-
diazomethane 0.3 g
o-Acetylbenzoic acid 0.1 g
9-(2-Methoxyethoxy) methylanthracene 0.1 g
N,N-dimethylacetamide 0.3 g
Propylene glycol monomethyl ether
acetate 24.7 g




hydr oxyst yrene/ p-tert-but oxycarbonyl oxystyrene).
p- 1- et hoxyet hoxystyrene unit,

p-tert-

The
t he p-

di spersion was 1.05 (GPC net hod, pol ystyren® <20 standard).

degree of

15 proportion of the
hydr oxystyrene unit and the
but oxycar bonyl oxystyrene unit was about 30:62:8 by the

measurenent of [err]H NMR Mv was about 10,300 and the

Ref er ence

3

Exanple 1 Synt hesis of poly(p-tert-butoxystyrene/p-
hydr oxyst yr ene) Pol y(p-tert -Iaplex\pstytrene) [nfd. by N ppon
25 Soda Co., Ltd., Mwv = about 21,000, the degree of di spersion = 1. 16]
in an anount of -15-0-g ' d o150 of 1. 4-dioxane —After
adding 10 m of| gxam- Poly(p-1l-ethoxyethoxystyrene/p{Hydroxycfoncentrajed
hydrochl ori ¢ ac] d tES rfeact’i on maf gﬁéﬁled out_at f to 8 [era]&;fo
hours with stirkPhg. L3adiRtviere) [Pobemes RF B¥R- (B8ctibn sol uti of-Had
poured into 1000 m E-Netlkylid, Jcgposri (pylsydtexyihenylkposi t ed
crystals 5 werle filterecb{ﬁxaaﬂgd with water and dried under reducgdg g
pressure to givie 9.8 g qf"\ e powdered crystals_ of :
pol y(p-tert-butoxyst yr efd¥s hydtidnethelrthylawkfonyl hr oportion of the
p-tert-butoxystlyrene uniltdbasbridiehdne hydroxystyrene unit of the.3 g
obt ai ned pol yngr was aqugalicylic acid 0.1 g
Fluoreseine 0.1 g
Propylene glycol monomethyl ether
acetate 23.0 g
Exam- Poly(p-l—ethoxyethoxystyrene/p-.
ple 14 | hydroxystyrene/p-tert-butoxystyreéne) 6.0 g
Bis(cyclohexylsulfonyl )diazomethane 0.3 g
2,3,4-Tris(2,5-dichlorobenzene-
sulfonyloxy )acetophenone 0.1 g
Salicylic acid 0.1 g
9-Azofluorene 0.1 g
N,N-dimethylacetamide 0.3 g
Propylene glycol monomethyl ether
acetate 24.6 g
Exam- Poly(p-l-ethoxyethoxystyrene/P-
ple 15 hydroxytryrene/p—tert-butoxystyrene) 6.0 g
Bis(1l, 1-dimethylethylsulfonyl)-
diazomethane 0.3 g
Triphenylsulfonium trifluoromethane-
sulfonate 0.1 g
o-Acetylbenzoic acid 0.1g
N,N-dimethylacetamide 0.3 g
Propylene glycol monomethyl ether
acetate 23.2 g




10 30:70 by the nmeasurenent -of [err]H NVR. Mv was about 16, 000 and

the degree of dispersion was 1.16 (GPC net hod, pol ystyrene standard).
" Reference Exanple 2 Synt hesi s of

pol y(p-tetrahydropyranyl oxy- 15 ' st yr ene/ p- hydr oxyst yr ene)

Pol y( p- hydroxystyrene) [nfd. by N ppon Soda 83 - Co., Ltd., Ma= about

8,200, the degree of dispersion = 1.05] in an amount of 9.0 g was

di ssolved in 100 m of 1, 2- di net hoxyet hdadlef 6 | owed by addition of

12.6 g of 20 2, 3-di hydropyrane and 0.5 ml of sulfuric acid. The

reacti on weas Caw_ed_au_ﬁ__af Qﬂ[err] 10 Aﬂrerr'lr‘fnr 15 . hours with
stirring. After tﬁgaﬁeaC|pgl @ﬁu;ié¥ﬂgg§g§ﬁ5§ygﬁ Pfene/p- Was concentrated

under reduced pressure 1 eS|due was neutrallzed with sodi um
carbonate and pdu? ﬁt( xystyxeng) RAYNeF RHFH- EFstal s.6 1%
deposi t ed crystcls \WBstcjdkuhEkylﬂumﬁnhymIdhaﬁﬁmﬁthﬁmédr|ed mnmeg
reduced prgssure to %91 f white powdered crystals of 1

- 75 - poly(p-tetramyéﬁop anyloxystyrene/p hydroxystyrene). “*1He
proportion of tHe p-tetr nhaining monignic su Fant

p- hydr oxystyreng unit of ﬁ@bmﬂgﬁuﬂgxi (adgmmabmaq about 35:65 hy ihg
measur enment of 1H NVR MN Qut anc theékégee of di spersi

was 1.05 (GPC mgt hod, E&%ﬁ’?’ﬁﬂ%&l Ojalhalhqqggme vyl e

acetate 25.5 g
Exam- Poly(p-l-ethoxyethoxystyrene/p-
ple 17 | hydroxystyrene/p-tert-butoxystyrene)
[Polymer of Pro. Ex. 8] 6.0 g
Bis(cyclohexylsulfonyl )diazomethane 0.3 g
Triphenylsulfonium trifluoro-
methanesulfonate 0.1 g
9-Diazofluorene 0.1 g
Propylene glycol monomethyl ether
acetate , 25.5 g

Exam- Poly(p-l-ethoxyethoxystyrene/p-
ple 18 | hydroxystyrene) [Polymer of Pro. Ex. 7] 6.0 g
| p~Cresol/m-cresol/formaldehyde

resin [Resin of Pro. Ex. 9] 0.5 g
Bis(cyclohexylsulfonyl )diazomethane 0.3 g
Fluorine-containing nonionic surfactant

[Commercially available] 0.1 g
N,N-dimethylacetamide 0.3 g

Propylene glycol monomethyl ether
acetate 24.8 g




Ref erence Exanple 3 Synthe5|s of

pol y(p-tert-butoxycarbonyl oxy- styrene/ p- hydroxystyrene) 10
The sane pol y(p-hydroxystyrene) as used in Ref erence Exanple 2 in an
anount of 9.0 g, 5.3 g of di- tert-butyl dicarbonate and 9.0 g of
triethylamne were reacted and after-tr&fk ed in the same nmanner as
descri bed i n Production Exanple 13(1) to give 10.1 g of white 15
powdered crystals of poly(p-tert- Table 7

but oxycar bonyl oxyst yr ene/ p- hydr oxystyrene). The proportion of the
p_tert_but oxycar, hnn\ll oxystyvrene it = ' i

t he obtai ned pol mmas pol Byt eXho=3) ﬂﬂa&yggygg of [err]H NVR. Mwv
was about 20 1( Oé?o fé‘ld I%?%’ e of grsion @gs{ﬂst&odj

pol ystyrene st af yrepe olymer Of st

mat eri al havi ng |t he foII)wﬂq;esol/huﬂﬁdihydnoxmmeqhyﬂhgnngne25

Pol y( p-1- et hoxygt hoxysty Qﬂﬁhﬂ1nﬁﬁﬂéyﬂ/of Pro. Ex. Q; styrene) [Pokyq?r of

Pr oducti on 6

Bi s( 1, 1-di net hyl|et hyl sul { @idzctieth@ane 0.2 g 3 g

' Triphenylsulfonium trifluoromethane-
sulfonate 0.1 g
9-Diazofluorene 0.1 g
Propylene glycol monomethyl ether _
acetate 25.5 g
Exam- Poly(p-l-ethoxyethoxystyrene/p-

ple 20 | hydroxystyrene/tert-butyl

methacrylate) [Polymer of Pro. Ex. 111 6.0 g
Bis(1l,1-dimethylethylsulfonyl)-

diazomethane 0.3 g
Polyoxyethylene cetyl ether

[Commercially available] 0.1 g
Salicylhydroxamic acid 0.1 g
Fluorine-containing nonionic

surfactant [Commercially available] 0.1 g
N, N-dimethylacetamide 0.3 g

Propylene glycol monomethyl ether
acetate ' 25.5 g




met hane Bi s(p-tol uenesul fonyl ) di azonet hane 0.1g 5

Propyl ene gl ycol nononet hyl ether aceétate

23.7 ¢ A pattern formation process using the above-
mentioned resist material is explained referring to Figs. 2A to 2C. 10
On a silicon substrate 1, the above-nenti-orffd - resist material 2 was
spin coated and prebaked at 90[err]C for 90 seconds on a hot plate to
obtain a resist material filmof 1.0Teddlel @ thick (Fig. 2A). Then, the
resi st material filmwas selectively exposed to KrF exciner 15 Iaser

beans 3 of 248. High—a—rask—d-using-KeE Agevnlner laser stepper
(NA 0.55) (Fig.| 8Rm-Af {esoliptp-1-etihtidthdty 0 &id Hg- f or 90 seconds op a
hot plate, the Jre is% terlal f||ﬁ1was develef wi th an al kal

devel opi ng futtod R ®Eb4% Lt r anet hyl anmoni um | 20
hydr oxi de) for |60 seconds[Ralyhess i Pramd Eenolz] onl y exposedb adeq pf

the resist matgrial. As régﬂg atern 2a was
obtained (Fig. |20 . The lsl'lﬁfn%n %-ggﬁ%»&eﬂ y%%fg% ern had a

rectangul ar shdpe VMQ%P%PW%ﬁﬁﬂQRlon of line/space of 0.20 [er®iMIThe
exposure 25 anpunt was | Big@l (A{&indthylethylsulfonyl Jeat resistance of
the resist matgrial was éﬁ asfmlmm. _ Né%
exposure and dgvel opnent] cﬁ e reS|st > g
Polyoxyethylene lauryl ether
[Commnercially available] _ 0.1 g
Fluorine-containing nonionic
surfactant [Commercially available] 0.1 g
Propylene glycol monometyl ether
acetate 25.5 g
Exam- Poly(p-l-ethoxyethoxystyrene/p-~

ple 22 | hydroxystyrene/p-tert-butoxy-
' carbonyloxystyrene) [Polymer of

Pro. Ex. 13] 6.0 g
Bis(cyclohexylsulfonyl )diazomethane 0.3 g
Bis(2,4-dimethylbenzenesulfonyl)-
diazomethane 0.1 g
Polypropylene glycol [Commercially

available] 0.1 g
Perfluorooctanol [Commercially

available] 0.1 g
N,N-dimethylacetamide 0.3 g
Triethylamine 0.1 g
Propylene glycol monomethyl ether

acetate 25.5 g

Using the above-mentioned resist materials,
patterns were formed in the same manner as described in

Example 1. The results are shown in Tables 9 and 10.



- 77 - material, it was baked on a hot plate at 125[err]C for 150

m nutes, followed by observation of |ine/space of 0.25 pm - for
measuring the dinmension. As a result, a rectangul ar shape of

| i ne/ space of 0.25 pmwas resolved to admt heat 5 resistance of the
resist film - The pattern di n#t+onal change with the | apse
of tinme fromthe exposure to light to the heat treatnent (post baki ng)
of the resist material was measured. The Table [§ ne/space of 0.25 pm was
resol ved even after 3 hours 10 without any problem

Further, as sh
i nvention was Usgdaml NEedBRK1Ie §1ﬂ80§r8ﬂtékp8s3§ep%b In
addt i on when expoged to i y. def ocus|  no deterioration_of shape
15 was admi tted BY®0. 7| BRPgai ntreIRIUEIRN sppbeats tyeatment apg, Thjs
means that a suffbci en rgin was petelaeslonThe pattern shapg
was as shown i ' whgrein the patt ' . - hd
no scumwas _ : V%ehlhﬁédiS%éig ral1 fesdt N
pr esent [ was storgd at 23[err]d fgﬁ 1 nont nd subjected {o
pattern formatifon in the sane mgnner as descrjf B&§®hbove, a positive
type pattern wifth the |ne/space of O. 20 pm expeggreesol yed. Thus, the
storage stabili wers— oot 5—Exanptes—2—to22 et
phot oresi st matleri @l s s s22wn i{10.20 pmMdliSs| Q.25 mwbys proeZE qoh L/S
3 28 0.20 pm L/S | 0.25 pm L/S | 0.25 pm L/S
4 28 0.20 pm L/S | 0.25 ym L/S | 0.25 pym L/S
5 25 0.22 pm L/S | 0.25 pym L/S | 0.25 pm L/S
6 26 |[0.22 pm L/S {0.25 pm L/S | 0.25 pm L/S
7 33 0.20 ypm L/S | 0.25 ym L/S | 0.25 pm L/S
8 35 0.22 pym L/S | 0.25 pm L/S | 0.25 pym L/S
9 28 0.20 pm L/S | 0.25 pm L/S | 0.25 pm L/S
10 25 0.22 ym L/S | 0.25 pm L/S | 0.25 pm L/S
11 22 0.20 pm L/S | 0.25 pym L/S | 0.25 pm L/S
12 22 0.20 pm L/S {0.25 ym L/S | 0.25 pym L/S
13 22 0.20 pm L/S | 0.25 pym L/S | 0.25 pm L/S
14 25 0.18 ym L/S | 0.25 pm L/S | 0.25 pm L/S
15 25 0.18 pm L/S | 0.25 ym L/S | 0.25 pm L/S
16 24 0.18 ym L/S [0.25 pm L/S | 0.25 pm L/S
17 25 0.18 pm L/S | 0.25 ym L/S | 0.25 pm L/S
18 24 0.18 pm L/S | 0.25 pm L/S | 0.25 pm L/S
" 19 22 0.18 pm L/S | 0.25 ym L/S | 0.25 um L/S
20. 22 0.20 ym L/S | 0.25 ym L/S | 0.25 pm L/S
21 22 0.20 ym L/S | 0.25 pm L/S | 0.25 pm L/S
22 25 0.20 pm L/S } 0.25 ym L/S | 0.25 pm L/S




=.-.

- 78 - Table 1 Exam
Pol y( p- 1- net hoxyet hoxyst yrene/ p- hydroxy- ple 2 styrene) [Polynmer of Pro.
Ex. 2] 6.0 g Bi s(1- net hyl et hyl sul f onyl ) di azonet hane
0.2 g Bi s(benzensul f onyl ) di azonet hane 0.1g
Propyl ene gl ycol nononet hyl ether . ac@®7at-e .
23.7 g Exam Pol y(p-1-nmethoxy-1-nethyl ethoxystyrene/ ple 3
p- hydr oxyst yrene [Pol ymer of Pro. Ex. 6Fablg. §0g
Bi s(cycl ohexyl sul fonyl ) di azonet hane 0.2 g
Benzoyl benzenesul fnn\/l di azaonet hane 01 g Prap lene nl vrnl
nononet hyl et her m gepbALE Shape of 23. 7 g
Exam  Pol y(p- 14 et}fﬁa >8/et Hoxyst yrene/ ﬂyﬁroxy- .4ap styren ) e[agol ymer
Pro. Ex. 1] No. "4 g margin Po H—Beéréﬁﬁo Sr e y-
styrene) [Polyngr of Pro.| ¢&x255m ~ 0.25%. pmg| of pattern
Bi s(1, 1- di met hy|tethy-sH-Hory-) . H-azoret-hdnre
g 3 9I | N, |P~L di mpt h%/Ikplropmnam def . Good t Good- 3. ¢ Good
"Propyl ene gl ycol| nongnet Hy ge cetate
23.4 g Exam Bol y(P-I - dt hoxy tkoxystyre 29P- &gr oxyE°9t e 5 Good
styrene/ p-i sobutjoxy 4:ar bgnyl o:&ps?yrenle Good ol yigeyodf Pyo. Bood]
6.0 g Bi §(cycd oheqyl sulfoayl )d azo(g@%glane Good-2 9 Good
Bi s(p-tol uenesuljf onyl ) di gzonet hane r opyl ene g? col
nonomet hyl et her 6" dcetat@-7 Good Good Goaxd 7 g
- 79 - 7 +0.7Table 2 godxam Good Good
Pol y( p- 1- et hoxygt hoxgst yriene/ wadr XY~ sood Good Good

9 +0.7 Good Good Good

10 +0.7 Good Good Good

11 0.7 Good Good Good

12 0.7 Good Good Good

13 +0.7 Good Good Good

14 +0.7 Good Good Good

15 0.7 Good Good Good

16 0.7 Good Good Good

17 +0.7 Good Good Good

18 0.7 Good Good Good

19 +*0.7 Good Good Good

20 0.7 Good Good Good

21 +0.7 Good Good Good

22 +0.7 Good Good Good




pI 6 styrene/p-tert-butoxystyrene) {Polyner of Pro. Ex. 4]
6.

0g Bi s(cycl ahexyl sul fonyl ) di azonet ane 0.2 g
Tri phenyl sul fonium trifl uoronet hane- sul f onat e
0.1 g 9- Di azo- 10- phenant hr one 0.1 g
Propylene gl ycol nononet hyl et her ackB ate

6 g Exam Poly-(p-1-ethoxyethoxystyrene/p-hydroxy- ple 7 styrene)
[PoI ynmer of Pro. Ex. 5] . 6. _ .
Bis(cyclohexylsulfonyl)di5§%ﬁ§iﬁgﬁ?r(%é%m the Fegults shown in Tables 9

2,2 ,4, 4'-tetragxgrngbgﬂéoggﬁgoﬁgsltlve tYBS Egtterns as 1n Exﬁﬂgﬂ -

N N-dlnethyloacetam | oct

0.149 ProaybersrabiCeh ERAAPRERYL @bhen, and th@cqa%bgspace of
23.2 g Exam Pol y(p-1I-ethoxyet hoxystyrene/ p-hydroxy ple 8

styrene/ p-i sobupozrpcabbongkoysmieeresolved wiktBoutmanyobrBblembeves)

4.5 ¢ Pol y( p- 1- et hoxyet hoxyst yr ene/ p- hydr oxy- styrene)

[ Pol ymer of BroafEsr 3] hours of petibdgfrom exposure to light on the

Bi s(cycl ohexyl sul f onyl ) di azonet hane 0.3 g

2- p- Tol.uenesul f 8aQ} -1 dyed bhexgateebn{pest baking) opanin Example 1.

0.1 49 Met hyl 3- et hoxypropi onat e 23.6 %

- 80 - Further, there wasTgbpglged kthgmfocus margin of +0.7 um

Pol y( p- 1- net hoxyet hox rene/ p- . hydr oxystyrene [Polyner of, Pro.
Ex. 2] 6.0 g 4% nortip Pin§td|tH€-t ﬁgrrl&/ﬁpﬁgm PEnY |)2% . o' godidi hane

8 gxgzo 10- phentﬁ%hwgﬁkui %%}E%yngdla %lﬁ 0.25 "ErongEﬁgeﬁiyco|

nnnonethyl &a rn s1§8%%i&§ wer smoFth 8nd no scum was obsé%%é% g
Exam Pon p- oxyet oxystyrene

hydrOXyStyrene/@héﬁétwgﬁt96Y§Eﬁb§aﬂ)as to storEB%'&%ﬁ51QEt§rQn E¢anflles

4.0 g Pol y(p 1- ethoxyethoxystyrene/p- roxystyrene)

[ Pol ymer of Pro2 &s.22] . Bi s(cycl ohexyl sul f onyl ) di azonet hane
0.3 g Bis(2,4adinethylbenzylsulfonyl)- di azonet hane

0.1 g N, N- di met hyFlgyr ejoypaadist, resist material® vere prepared

by using polymers having a broard molecular weight

15 distribution obtained by radical polymerization (e.g.
disclosed in JP-A-4-211258 (= U.S.P. 5,350,660, JP-A-5-
249682, etc.), monodisperse polymers obtained by living
anion polymerization (e.g. disclosed in JP-A-6-273934,
JP-A-6-49134, JP-A-4-195138, JP-A-5-132513, JP-A-7-

20 268030, etc.) in place of monodisperse polymer of the
present invention, and compared with thé resist mateial

of the present invention.

. Comparative Example 1
A resist material having the followiﬁg
25 composition was prepared.
Poly(p-tert-butoxycarbonyloxystyrene/

p-hydroxystyrene) [Mw = about 8500,



Propyl ene gl ycol nononet hyl ether acetate

23.3 ¢ - - - 81 -

Tabl e 4 Exam Pol y( p- 1- et hoxyet hoxyst yrene/ p- hydroxy- ple 11 styrene)
[ Pol yner of Pro. Ex. 1] 6.0 g .

p- Cresol / mcresol / f or mal dehyde pol-y@®ndensat e [ Pol ycondensat e of
Pro. Ex. 9] 0.6 g

Bi s(cycl ohexyl sul f onyl ) di azonet han 0. Salicvlic acid
0_1(gy Y 9-Eiazgf?uoréﬁgree og dispersgog = 2.09] 51 gy 6.0 g

Fl uori ne- cont ai ni ng noni onL¢ [ n [ ' avai | able
0.1 g N, N- di met hy|%%%?‘%%Lgéﬁgxg’l.s“”°nyl’%%hg.@géé el 1822
Propyl ene gl ycol nonomet hyk. eg 18 Y- 1 0.1
24.7 g Exam _Pon(p-i-e% %& e?ﬁ%&?@?ﬁ?enéﬁg?)gfgzigetﬂ? ?oxystyrene)g
[Polymer of Pro. Ex. 1] 6pPofylene gly@oi*ﬂéﬁbﬁgkﬁgﬁsehﬁEQV”a|dehyde

pol ycondensat e [ Pol ycondensat e of Pro. Ex. 9]

0.5¢ 5 Bi s(1, 1- di reasgtatayl sul fonyl) - di azonet hane22.7 g
0.3 ¢ 0- Acet yl benzoi c acid 0.1 g

9- (2- Met hoxyet hoxy) net hyl uaithgatbaeeresis®. magerial mentioned above, a

N, N- di et hyl acet am de 0.3 ¢ Propyl ene gl ycol
nmononet hyl et herpattern wagefexmed in the same manner as describe@4ifg

- 82 - Table 5 Exam i .

Pol y( p- 1- et hoxy E*ABBAR vk enchH-\ZRIMWI T, A Pattern Wwike)theol ine/spacer g
E); i)pé]n e 06.'305 %m was reszof@é yz-llt Zérgi %xééslzuég gggé ¢ pg g nn\{.lj } cm?,

Bis(1,1-d r‘ref&ylbe&thyal‘ Sﬁjalrl];‘t(:)en rll)v':ith the line/space of 0.30 um was not
resolved as shown in Fig. 5. Further, when heat treated
after 1 hour of exposure to }ight, T-shaped pattern as
shown in Fig. 6 was formed failing to obtain a pattern

with the desired good shape.

15 Comparative Example 2
A_resist material having the following
composition was prepared.
Poly(p-tert-butoxystyrene/p-hydroxy-

styrene) [Mw = about 19,000, degree of

20 dispersion = 1.87] 6.0 g
Bis(cyclohexysulfonyl )diazomethane 0.2 g
Bis(p~toluenesulfonyl )diazomethane 0.1 ¢

Propylene glycol monomethyl ether
acetate 22.7 g
25 Using the resist material mentioned above, a
pattern was formed in the same manner as described in

Example 1. As a result, a pattern with the line/space of



di azonet hane | 0.3 ¢ Salicylic acid

0.1 g Fl uor esei ne - 0.1¢g
Propyl ene gl ycol nononet hyl ether . acetate

23.0 g Exam Pol y( p- 1- et hoxyet hoxystyrene/ p- ple 14

hydr oxyst yrene/ p-tert - but oxystyrene) - 800~g

Bi s(cycl ohexyl sul fonyl ) di azonet hane 0.3 ¢

g i 3 Tris(2, Ségﬁc&ﬂ orobenze solved at an é};z%lg oxy&acet o€h€gol51§/cm2'

9- Azof | uor ene '
N, N- di net hyl ace am(kgattern with the 11n%yépébe of 0. zékopyvenen%cho

-mononet hyl et hefggoived. oM, when heat treated after 1 hour24£6 9
Exam Pol y( p- 1- et hoxyet hoxyst yr'ene/ P- ple 15

hydr oxyt r yr ene/dkgsird WXy M) shaped Gdt€ern as in Comparative

Bi s(1, 1- di net hyl et hyl sul f onyl ) - di azonet hane

0.3 ¢ 5 BiagipEty|kuwdonfarmedd i faibingetdaoietain a patseth omatlk the
0.1 g 0- Acet yl benzoi c acid 0.1 g

N, N- di net hyl acatesfiingd good shape. 0.3 g Pr opyl ene gl ycol
nononet hyl et her ' acetate - ' 23.2 ¢
83 Table 6 Exam

Pol y( p- 1- ethoxyetho styrene/ e 16 hydroxystyrene) [Polyner of Pro.
Ex. 7] 6.0 g Compara d?ﬁﬁﬂﬁ@% v} sul f onyl ) di azonet hane 0.3 g

Salicylic acid or i, ne- cont ai ni ng

noni oni ¢ surfact ant A r?f%ﬁﬁe?%?%ff§9 63?%5%I5Te f°£EOWln 0.1 g

Propyl ene gl yc acetate
25.5 g Exam cgqul %Iﬁ et"ﬁox eF‘F%)xys(?'yrene/p ple 17

hydr oxyst yrigne/ p-tert - but pgy ?(ﬂﬁ€Q€}ahydropyraﬁf@b*?ﬁfyﬁénEVB- Ex. 8]
6.0 g Bi s(cycl ohexyl sul f onyl )di azonet hane

Tri phenyl sul foni um trifl uey@roxystyreneFelimnesgbbabal e, 700,

0.1g 9- Di azof | uor ene 0.1g
Propyl ene gl ycol nononet hjégeedenf dispersiametale75] 6.0 g
2575 J Bis(cyclohexylsulfonyl Jdiazomethane 0.2 g
Bis(p-toluenesulfonyl )diazomethane 0.1 g
15 Propylene glycol monomethyl ether
acetate ' 22.7 g

Using the resist material mentioned above, - a
pattern was formed'in the same manner as described in
Example 1. As a result, a pattern with the line/space of

20 0.30 pym was resolved at an exposure dose of 26 mJ/cm?,
but a pattern with the line/space of 0.25 um was not
formed. Further, when heat treated after 1 hour of
exposure to light, T-shaped pattern as in Comparative
Example 1 was formed failing to obtain a pattern with the

25 desired good shape.



Exam Pol y( p- 1- et hoxyet hoxystyrene/ p- ple 18 . hydroxystyrene) [Polymer of

Pro. Ex. 7] 6.0 g p- Cresol / mcresol / formal dehyde resin

[ Resin of Pro. Ex. 9] 0.5 ¢ '

Bi s(cycl ohexyl sul fonyl') di azonet hane 0.3 ¢ Fl uori ne- cont ai ni ng
noni oni ¢ surfactant [Cbnner0|ally'é¥br+able] _ 0.1g
N, N- di et hyl .acet am de .39 Propyl ene gl ycol
nononet hyl et he ... aC 24.8 ¢

. 84 - Eomparatlvg E§3381e %able v Exam

Pol y( p- 1- et hoxyet hoxyst yr gn hyd Lene of Pro.
Ex. 7] 6.0 g p- C?é?%%ﬁfﬁzﬁgk%rarox&%é?%%*ggﬁégﬁgﬁgﬁwna resin
[Resin of Pro. ﬁégltlon was preplredd

Bi s(1, 1-di met hyl et'hyl sul fonyl) - di azonet hane

39 Tri phenyl sul f@&'lwflhfe'tm@wl%ﬁtyrene/p h'iz‘dxfdidi;ale

0.1 g 9- Di azof | uor ene

Propyl ene gl §col nononet hgttyeener) [Mw = ab@m&taaeooo degree of
25.5 g Exam Pol y( p- 1- et hoxyet hoxystyrene/ p- ple 20
hydr oxystyrene/tert-butyl dispersiomethdcB@llate) [ Pol ymer of Pro. B6-019

6.0 g Bis(1, 1- dlnethylethylsulfon{g) di azonet hane
0.3 g Pol yoxyet hy Pdfd cyedpheggsul fonyl )dipzomethans | y avdl4Zld e
0.1 g Sal i cylhydroxani

Fl uor i ne- cont ai ni ng_ noni ofr& toiuengg»pflggpg&t)d[lmqlg,xg}agq y avai 1%t &

.0.1 g N, N-di net h d
Propylene gl ycol nononeth%F%ﬁyﬁggb %lycel 568 mﬁghyl etﬂ%r
25.5 ¢ 10 acetate - 85 - 22.7 g

Using the resist material mentioned above, a
pattern was formed in the same manner as described in
Example 1'. As a result, a pattern with the line/space of
0.20 ym was resolved at an exposure dose of 22 mJ/cm?,

15 but the sidewalls of pattern were not good as shown in
Fig. 7. When the pattern with the line/space of 0.25 um
was baked at 120°C for 150 seconds, the pattern with the
line/space of 0.25 pm was deformed as shown in Fig. 8.
Further, the mask linearity was not good as shown in Fig.

20 9.

The poly(p-l-ethoxyethoxystyrene/p-
hydroxystyrene) had Mw of about 22,000 (GPC method,
polystyrene standard) and the degree of dispersion of

1.86.

25 Comparative Example 5
A resist material having the following

composition was prepared by using a monodisperse polymer



Exam Pol y( p- 1- et hoxyet hoxystyrene/ p- ple 21

Tabl e 8

hydr oxystyrene/ acrylonitrile) [ Pol ymer of Pro. Ex. 12]

6.0 g 1- Benzyl sul f onyl - 1- met hyl sul f onyl - di azonet hane
0.1g Bi s(1, 1-di met hyl et hyl sul fonyl ) - di azonet hane
0.3 ¢ Polyoxyethylene | auryl etth = [ Commercial l'y
avai | abl e] Fl uori ne-cont ai ni ng noni oni c
ﬁg:l]:)?rgt ;‘lnt e'E E(em'fscr:ﬂr?lpl )ée%)aégié)[.l%?kthyremgp-hgdroxystyre r)“jp%%%%%?%d};%gl'
Exam Pol y(p- khgtnggehgﬁﬁ¥§tEBeHQQErlehe if’Reference Ex 1.

hydr oxyst yrene/ p-tert-but oxy- car bonyl oxyst yrene) FPonner of
Pro. Ex. 13] Poly(p~tert- butoﬁ@é%ﬁiene/p—hydroxy-

Bi s(cycl ohexyl sul fonyl ) di azonet hane 349

Bi s( 2, 4- di et hyl benzenesulshtgiteine) [Mw = abdﬂitazummdmn@e ree of

0.1 g Pol ypropyl ene gl ycol [Conmmercially avai | abl e]

0.1 g 5 Perfl uor ooddizpergicomencilé]l vy available] 6.0 g
0.1g N, N- di et hyl acet am de 0.3 g

Tri et hyl ami ne Bls(cyclohexylsulfpngl)dlazomeuha@wyl ene gn ;2:@1
nononet hyl. et her acetate

Usi ng the above- menti oned%@ﬁtwsﬁlstnYBdﬁwqmef or ned |Q'r1t rﬁé

sane nmanner as described in

and 10.
Table 9

Propﬁiene glycaquongﬁy arq:shomn 'n Tables 9
Exam Exarrplea %gk%gtlve Ti me fron1exposure to 22.7 g
10 Using the resist material mentioned above, a

15

20

25

pattern was formed in the same manner as described in
Example 1. As a result, a pattern with the line/space of

0.30 pm was resolved at an exposure dose of 26 mJ/cm?,

.but a pattern with the line/space of 0.25 pm was not

formed. Further, when heat treated after 1 hour of
exposure to light, T-shaped pattern as in Comparative
Example 1 was formed failing to obtain a pattern with the

desired good shape.

Comparative Example 6
A resist material having the following
composition was prepared by using a monodisperse polymer
[poly(p~tetrahydropyranyloxystyrene/p-hydroxystyrene)]
obtained in Referénce Example 2.
Poly(p-tetrahydropyranyloxystyrene/p-
hydroxystyrene) [Mw = about 10,000,
degree of dispersion = 1,05] . 6.0 g

Bis(cyclohexylsulfonyl )diazomethane 0.2 g



pl e dose resol ution heat treatment and No. (mi/cnferr])

resol ution | mredi ately Hours | ater
after exposure 2 22 0. 20
[err]mL/S 0.25 [err]mL/S 0.25 [err]mL/S 3 28 0.20 [err]m
L/'S 0.25 [errIlmL/S 0.25 [err]mL/S 4- 93 - 28 0.20 [err]mL/S
0.25 [errlmL/S 0.25 [errlmL/S 5 25 0.22 [err]mL/S 0 25

[errlmL/S 0.25 [err]lmL/S, ,6 26 2_lerr [S O. 25 relm
L/S 0.25 [err]mL/S 7 gls(P'Eﬁl“e"eﬁ‘.‘%%‘%gPﬁha%%elcgqab% [err]m L S
0.25 [errlmL/S 8 ' . r 72 rlmL/S 0.25
[errfmL/S 9 28 Pﬁggyﬁﬁn%eﬁgf%giléghéﬁggh?érgfh?&/S 0. 25 [err]m
L/'S 10 f % dmL/S 0.25 [err]mL/S 0.25 [errp /§
11 22 0 20 [err mL/'S 0.25 [errlmL/S 0.25 [err]n1L/S 12

22 0.20 [err]mL/'S Oyg®n eEﬁé”tééﬁstOmaﬁefﬁél]ﬁéhk$onea3above, a2
0.20 [errlmL/S 0.25 [err]mL/'S 0.25 [err]mL/S 14 25 0.18
[err]mL/S (5 2d€tetminwdsS £Or@&d [£airihe Lé&ne Ménner ak5described8iherr]m
L/'S 0.25 [errlmL/S 0.25 [err]mL/S 16 24 0.18 [err]mL/S
0.25 [err] mL/ SExedhé¢cts] nA4/& redult, a p&btern with8theriinel/ssace. 8§
[errfmL/S 0.25 [err]mL/S 18 24 0.18 [errlmL/S 0.25 err]m
L/'S 0.25 [err] @i3G um as resglved at(angefpesine  deseofs52pcndyan

0.25 [err]mL/S 20 22 0.20 [errlmL/S 0,25 %err mL/'S 0. 25
[err]mL/S 21 but orpattern ity f%?r}h?%/%?aﬂezgf[@r | %38 N9k
E?gr]n1L/S 22 forme3§ Further20 &ﬁgﬁ]ﬂ%Léskrgagéd[e££ér flgbug 2? [err]m
Tabl e 10 ShaRe. 8f ‘

mar gi n E'ﬁfllne ?%§£g t%eﬁh ?t NPr%%a%?%n%%t ag'lnoggﬁﬁfﬁg?fﬁf

53035 [egr]n1 Of g Pdth é?%nl waszf%ﬁped féfiiﬁ&é%%dobtaﬁﬁog %gggernGﬁQGh the

[err] 0.7 GQQQ51red goodO&Klape . Good 5 [err] 0.7 Good
Good Good 6 [err]0.7 Good Good Good
7 [err]0.7 Gools is cleafofifom the re€adts of8Comparatiierer ] 0. 7
Good Good Good = 9 - [err]0.7 Good Good
Good 10 Exgmplé®. (together Gobth Figs(Gobdto 9), whe&polknown]l

0.7 Good Good Good - 12 0.7 Good
CGood 15 0@plymanps are us%@ri?orqsist mateppals, thepgsgsolution ggo(d
14 [err]0.7 Good Good 15 g 7

Good (ngporer tha@bggat of the present invention, the problem of

delay time is brought about, or even if the resolution
may be good, the shape of sidewalls of pattern is not
good, or poor in the mask linearity and heat resistance.
20 As mentioned above,.the monodisperse polymer
of the present invention is excellent in functionality.
When such a polymer is used in resist'materials, there
can be overcome various problems such as poor resolution
caused by the use of known polymers, poor sidewalls of
25 pattern, insufficiéncy in the depth of focus, changes of
pattern size with the lapse of time from exposure to
light to heat treatment (post baking), the substrate

dependency, etc. Therefore, the present invention is



16 0.7 Good Good Good 17 0.7

Good Good . Good 18 [err]0.7 Good Good
Good 19 [err]0.7 Good Good Good 20
[err]0.7 Good Good Good 21 [err]0.7

CGood CGood CGood 22 1&4410.7 CGood CGood
Good - 88 - ' As is

clear fromthe results_shown ipn Tahles,9 - and 10, e sane positive
Cvre ot Lorna: STy £80PVe' Bol “BogRing ua AP AnE RbPEEoe 18 25 and the

| i ne/ space of . . s resolved w thout any problem even
5 after 3 hourss%wl%%gagée?goﬁﬁggg%égfe to light on the SiJerr] to

heat treatment (post baki?q%tgégtgﬁﬁéagghgs¥-materigﬂrhge%ﬁgt ?%%f%%zce of

obtai ned the focus margin o or nore agal nst t

0.25 pm 'In addifpééntion ishespBEkilbnesti Fyrm@AgUpattdPhs! uBiRg RBL
Further, 10 pattern sidewalls were snooth and no scum was observed.
There was nosprehmlgndespt alstavigbest bbghtt gndNKERagrtemer lasért bedds,
For comparison, resist materials were prepared by using pol yners
havi ng a br oar dowbl @atsbai-enghlight, detectboni beanbt asaét Byragdi celtc.
pol ynmeri zation (e.qg. di sclosed in JP-A-4-211258 (= U. S. P. 5, 350, 660,
JP- A-5- 249682, etc.), nonodi sperse polyners obtained by living

ani on polynerization (e.g. disclosed in JP-A-6-273934, JP- A- 6- 49134,
JP- A-4-195138, JP-A-5-132513, JP-A-7- 20 268030, etc.) in place of
nonodi sperse pol yner of the



prese | I on, and conpared with the resist mateial of the present
i nven@,’“@naﬁnmmmmr ative Exanple 1 A resist materi al

havi n 25 conposition was prepar ed.
Pol y(p-tert-butoxycarbonyl oxystyrene/ p- hydr oxystyrene) [ Mwv
= about 8500, - 95 - - 89 -
degree of dispersion = 2.09] 6.0 g
Bi s(cycl ohexyl sul f onyl ) di azonet hane _ 0.2 g _
Bi s( p-t ol uenes WHAGhVIS LAIMBER Sze 0.1 g Propyl ene
gl ycol nononet hyl ether 5 acetate
22.7 g 1. Usiagrolymmer shavingit xepeatingtunits ecbovke a
pattern was formed in the same nmanner as described in Exanple 1. As a
result, a patt&FmMka+ t he |ine/ space of 0.35 pmwas resolved at an
exposure dose of 35 mJ/cnferr], 10 but a pattern with the |ine/space of
0. 30 pm was not resol ved as shown in Fig. 5. Further, when heat
treated after 1 hour 1 exposure taqalight, T-sRaped pattern as
shown in Fig. 6 was forned jailing to o%ﬁain a pattgrn with the
desi red good shape. 1_5&_Q9npaé@2t L)%e(.Eéa[rpbﬁz 2.)“_(_? - CH, = [1]
 Re
R3
l .
0-C-OR® OH
)

wherein R! and R? are independently a hydrogen atom or a
lower alkyl group; R® and R! are independently a hydrogen
afom or an alkyl group which may be sustituted with one
or more halogen atoms, or R® and R* can form an alkylene
ring together with the interposing carbon atom, provided
that R® and R* cannot be hydrogen atoms at the same time;
R’ is an alkyl group which may be substituted with one or
more halogen atoms, or an aralkyl group; R® is a phenyl.
group which may have one or more substituents, a carboxyl'
group which may be substituted with an alkyl group, or a
" cyano group; m and n are independentiy an integer of 1 or
more; k is zero or an integer of 1 or more, provided _that
0.1 < (m+k)/(m+n+k)sb.QandOSk/(m+n+k) <
0.25, said polymer having a degree of dispersion of 1 or
more and less than 1.5.
2, - A polymer according to Claim 1, wherein in the

formula [1] either one of R® and R* is a hydrogen atom or



A resist material having the TolTow ng conposition was prepared.

B e o - 2o

g *Bi s( cyclohexysul f onyl ) di azonet hane 0.2 g
Bi s(p-tol uenesul fonyl)di azonet hane D.dg 0- Pr opyl ene
gl ycol nononet hyl et her ' acetate
22.7 g 25 Using the resist material nentioned above, a

pattern was for nedlpwerhelkyide gmanpeends thesotherdisna lowerampkyll gravupa
result, a patternsmﬁth the |ine/space of .

- 90 - 0. 3B° pke vislowe®| LY hit EPURK pERe reukRityent o fiyrhe] rhenyl
but a pattern with the |ine/space of 0.25 S not esol ved.

. )l | papwas n
Further, when heSFoPPeiPedhgs definifion of R is & pHMRR ?{'Jkﬂ' oFEOUR-. shaped

in Co ' 5 Ex le 1 faili bt
Pattorn wth thelowes piforyiosdia B o)y P A2 SR ShvE
A resist materia i,n h I 1.N | t.leOR Was prepared. 10
brB8KE k" 48! LAMNGr an 1AREBER blOR
fiy t p-

Pol y( p-tetrahydrOpyr oxySstyrene hydr oxystyrene) [Mwv =
about 14, 700, 3. A resist material comprising the polymer of
Claim 1.
4, A resist material according to Claim 3, which

further comprises a photoacid generator which generates
| an acid by exposure fo actinic radiation.
5. A'resist material accordng to Claim 4, wherein

the photoacid generator is a compound of the formula:

<"> .

RR~S-C-2 ~R . [16]
I 1
0O N,

wherein R® and R’ are independently an alkyl group, a
haloalkyl group, or an aralkyl group; Z is - CO - or
- so,' -

6._ A resist material according to Claim 4,
wherein the photoacid generator is a compound of the

formula:

R® -8 -~C-~-2 -RY [17]



degree of dispersion = 1.75]" 6.0 g

Bi s(cycl ohexyl sul f onyl) di azonet hane 0.2 g

Bi s(p-tol uenesul f onyl ) di azonet hane 0.1 g 15 Propyl ene

gl ycol mononet hyl ether acetate

22.7 ¢ Using the resist materiggl Jrentioned above, a

pattern was fornmed in the sane manner as described in Exanple 1. As a

result, a pattern with the |line/space of 20 0.30 pmwas resolved at an
‘exposure dose of weenginnR¥rip, a phenylt ggopnt vhisghwney havel pne/ opamoref
0.25 pm was not f or med. Fur}her when heat treated after 1_hour of
exposure to I|ghtsuhsﬁﬁﬁﬁﬁﬂtﬁatﬂerﬁsa§nlﬁlbzﬁpﬁFQPPvea haloglkyd| §rouRas

formed failing to obtain a pattern mnth t he 5 desired, good s
S Qo R4k RGEpEbg oF & bhenyf ofSRp waidh et ke a8 A

he foll
LoFy(g 1021RgxyeHW%Q32$€$%ﬁﬁgﬁeﬂy%fgéﬁgaéegs - CO -or st@?%ﬁé) [ Mv = about
22,000, degree ofy ig‘tsﬁ‘ﬁ?:é!rﬁﬁ} daécgﬁhiﬂgnto Claim 4, g

6.0 ¢ 7. Bls(cycloﬁexylsu onyl' ) di azonet

Bi s(p- tO'Ue”35U|fﬁﬂdféﬂhaéﬂéebﬂéﬂéacld geRetafior is a compound F6eP¥hene
gl ycol nononet hyl et her acetate

22.7 ¢ formula:
I '
' 0O -8S - R¥ : [18]
R14 g :

wherein R!? is an alkyl group, a haloalkyl group or a
phenyl group which may have one or more subétituents; R®®
and R are independently a hydrogen atom, a halogen
atom, an alkyl group, a haloalkyl group or a group of the

formula:
- 0-~-8S - R® [ 19]

wherein R}? is as defined above.
8. A resist material according to Claim 4,
wherein the photoacid generator is a compound of the

formula:



Using the resist material nentioned above, a pattern was fornmed in the
sanme manner as described in Exanple 1. As a result, a pattern with the
Ilne/ pmwas resol ved at an exposure dose of 22

mi/ c mwg"ﬂ lmmmﬂm sidewal | s of pattern were not good as shown in

Fig. 7. en"tht pattern with the |ine/spac@gof- 0.25 [err]m was baked
at 120[err]C for 150 seconds, the pattern with the | i ne/ space of 0.25
pm was deformed as shown in Fig. 8. Further, the nmask linearity was
not good as shown in Fig. 20 9. O CH, The

pol y(p- 1- et hoxyet hoxyst yrene/ p “hyddoxystyreﬂg) had Mwv of about 22,000
( GPC et hod, pol yst yr ene cafdf % ﬁhé Begree of di spdP®lon of

1. 86. 25 Conparative Eg,‘% S A resist material having
the foll ow ng conposi ti on was p?epa? By usi ng a nonodi sperse pol yner
92 [poIy(p-tert-butoxystyrene/p-hydroxystyrene)] obtained in t he
sanme manner so described in Reference Exanple 1.

Pol y(p-tert- bUtQMNédeﬁnﬁﬁplgygrH§Mrogen atom, a halé&&ﬁeﬁeomiwgh adReut
16, 000, degree of 5 di spersion = 1.16]

6.0 g group %ﬁ(smémeM5%fmy} )nhﬁazgnahhamﬂyl grollp? B8Y is
Bi s(p-tol uenesul fonyl ) di azonet hane

an alkyl group, a phenyl group which may have one or more

substituents,'or an aralkyl group.
9. A resist material according to Claim 4,
wherein the photoacid generator is a compound of the

formula:

R19
|
R18 - ?O ..RZI sose [21]

RZD

wherein R!, RY and R¥ are independently an alkyl group,
a phenyl group, an alkyl-substituted phenyl group, a
haloalkyl group or an aralkyl group; and R* is a
fluoroalkyl group, a phenyl group, a haloalkylphenyl
group or a tolyl group.

10. A resist material according to Claim 4,

Wherein the photoacid generator is a compound of the

formula:

R24
RZS Cc - R23 _ [ 22 ]
R?® g



Propyl ene gl ycol nonomethyl ether acetate

22.7 g 10 t material nmentioned above, a
pattern was formed |”I|,muﬂ "mﬂmnmﬁ? as described in Exanple 1. As a
result, a pattern wi t*th €hetlime/sspacCe of 0.30 pmwas resolved at an
exposure dose of 26 ml/cnferr], but a paftern with the line/space of
0.25 pmwas not 15 forned. Further, when heat treated after 1 hour of
exposure to light, T-shaped pattern as in Conparative. Exanpl e 1 was
forned failing twhebétnhnRY, pREY and Rt lardeindeperdisnrlad &) dydrdyepe.atom,
Conpar ative Exanple 6 20 A resist material having the foll ow ng
conposi ti on was amnepkkplisbyfosyhgxy govouvp) spehatopbkyhsul fonyloxy group,

[ pol y(p-tetrahydropyranyl oxystyrene/ p- hydroxystyrene)] obt ai ned in

Ref erence Exanpler2a group of the forguip-tetrahydropyranyl oxystyrene/ p-
25 hydr oxystyrene) [Mv = about 10, 000, degree of
di spersion = 1.05] 6.0 g

Bi s(cycl ohexyl sul f onyl ) di azonet hane 0 2

- 93 - Bi s(p-tol uenes fdlazonethane 0.1 g
Propyl ene gl ycol nononet hyl 6the§0 __R30 acetate [24];
22.7 ¢

R31
R® is an alkyl group or a group of the formula:

R27
[23]

R28

in which R¥ and R*® are independently a hydrogen atom, a
hydroxyl group, an alkylsulfonyloxy group, -a
haloalkylsulfonyloxy group, or a group of the formula
[24], in which R®, R¥ and R* are independently a
hydrogen atom, a halogen atom, an alkyl group or a
haloalkyl group. |

11. - A resist material accordng to Claim 4, wherein
the photoacid generator is a combination of at least one

compound of the formula:

I
R“-s-cl:-z-Rg - [16]
I |



Using the resist material nentioned above, a 5 pattern was fornmed in the

sane nmanner as described in Exanpl e 1”lnmm"]mwm pattern with the
| i ne/ space of 0.30 pmwas resol ved at!l8 lﬂnw of 26
ml/cnierr], but or pattern with the |ine/%pace f 0. 25 pm was not
formed. Further, when heat treated after 1 Reggr —of 10 exposure to |ight,
T-shaped pattern as in Conparative Exanple 1 was fornmed failing to
obtain a pattern with the desi red good shape. As is
clear fromthe rwbereinoR® GangaR’atenee indepeBdentilys afnt edd&stlelgnough B gs. 5
to 9), when known 15 polyners are used in resist materials, the
resolution is hapeslkylt BERUPhaPToRN REARKFIcATOMRV ekt L8N~ £Re —pO&bI em of
delay tine is brought about, or even if-the resolution may be good, the
shape of sidewal Fs58¢ pat aegnatslesst onegconpouandpsel ecteBNErdRS khose

monod Sper oo pol SRBFSSenteq By, £AG, £oEmELeR, AP on 1B ex (4Pent 21l rd

functionality. \When such a polymer is used in resist materials, there
&22].
a

can be overcone ifous problens such as poor resolution caused by the
use of known polyners, poor sidewalls of 25 pattern, insufficiency in the
depth of focus, changes of pattern size with the | apse of tinme from
exposure to light to heat t@eatnent (post baking), the substrate
dependency, etc. Therefore, the present invention is
- 94 - R1°—?|-Cli-Z-Rn [17]

0O N,

wherein R is a phenyl group which may have one or more
substituents; R is an alkyl group, a haloalkyl group,
an aralkyl group, or a phenyl group which may have one or

more substituents; and Z is - CO - or - SO, -,

R13 0 .
] '
Rt ;

wherein R is an alkyl group, a haloalkyl group or a
phenyl group which may have one or more substituents; R*®
and R* are independently a hydrogen atom, a halogen
atom, an alkyl group,.a_haloalkyl group or a group of the

formula:

\
—o-i-R1z : [ 19]
o



very effective for formng ultrafine patterns in stry
Further, the resist nmaterial of the present i nventli Tﬁ“ﬂ i 'i"l for
i

form ng patterns using not 5 only deep ultraviolet

| aser beans, but also i-line light, electron beans, soft X—rays etc
- 95 - VWHAT IS CLAIMED I S: 1. A-pabyner having repeating units of
the fornula: [err] wherein R err] and Rerr] are

i ndependent|y a hydrogen atomor a | ower al kyl. group; R3 and R4 are

i ndependent | y a wheredenRaismas dgfimed ebgveup whi ch may be sustituted
with one or nore hal ogen atons, or Rerr] and Rerr] can form an al kyl ene
ring together with the interposing carbon atom provided that R3 and R4
cannot be hydrogen atons at the sane tln%h Rlerr] is an al kyl group which

may be substituted with one or I l
_ Pl
o

R15 0 RIG

wherein R! is a hydrogen atom, a halogen atom, an alkyl
group or a haloalkyl group; R'® is an alkyl group; RY is
an alkyl group, a phenyl group which may have one or more

substituents, or an aralkyl group,

R19
I
R!® - s®* . R*® 80,° [21]

|
Rzo

wherein R!®, R! and R?*® are independently an alkyl group,
a phenyl group,.an alkyl-substituted phenyl group, a
haloalkyl group or an aralkyl group; and R* is a
fluoroalkyl group, a phenyl group, a haloalkylphenyl

group or a tolyl group, and

R24 ’ .
RZS g )

wherein R*, R® and R?* are independently a hYdrbgen atom,
an alkylsulfonyloxy group, a haloalkylsulfonyloxy group,

or a group of the formula:



nore hal ogen atons, or an aral kyl group; Rerr] is a phenyk—jmﬂﬁﬂrﬂMm+#+——____

may have one or nore substituents, a carboxyl group wh

substituted with an alkyl group, or a cyano group; m and nwggum m Il!u"l,””m
i ndependently an integer of 1 or nore; k is zero or-an inte

more, provided that 0.1 [err] (m+ k)/(m-+102+-k) [err] 0.9 and O [err]
kif(m+ n + k) [err] 0.25, said polyner having a degree of dispersion of 1

or nore and less than 1.5. 2. A pol ner according to Claim1l
wherein in the fornula [1] either one_of r] and Rlerr] is a hydrogen

at om or - 2o

a |l ower al kyl group_and
the other is a | ower alkyl ngup s r al kyl group; the (24];
substituent of the phenyl group int kfion of R6 is a |ower alkyl

group, a |ower al koxy group, or Rl err] O CO [err]O; Rerr] is an al kyl

group; and j is zero or an integer of 1. 3. - A resist material
conprising the polymer of Cdaim1l. 4. A resist material according
to Gaim3, whick? fibr khea1&kPIPHroad érpaob%ﬁbdo&e%ﬁéaffe&mech generat es
an acid by exposure to actinic radiation. - A'resist material

accordng to Claim4, wherein the photoa0|d generator is a conpound of the
formul a: : .
'R27
[23]
RZS

in which R”.and R*® are independently a hydrogen atom, a
hydroxyl group, an alkylsulfonyloxy group, a |
halbalkylsulfonyloxy group, or a group of the formula
[24], in which R?®, R* and R® are independently a
hydrogen atoﬁ, a halogen atom, an alkyl group or a

haloalkyl group.



[err] wherein R err] and R err] are |ndependently an al kyl group, a

hal oal kyl group, or an aral kyl group; Z7%"-«CO- or -SJerr]- 6. A
resist material according to Caim4, wherein the photoacid generator is a
conpound of the formula: [err] - 97

- wherein R err] is a phenyl group mhlthlﬁﬁy-have one or nore
substltuents Rlerr] is an al kyl group, a hal oal kyl group, an.aralkyl

group, or ph ne or nore substituents; and Z is
@ PSRN Ry il STCTON st

- - or RS Aﬁﬁl, to Cla|n14
mhereln t he photoacid gengrﬁ69§mé§ 8+ COSPORYE [err]

containing an acetal or kefal group which can easily be
eliminéted'in the presence of an acid in the molecule and
ha&ing a very narrow molecular weight distribution gives
a resist material suitable for forming ultrafine patte:ns
excellent in.resolution, heat resistance, mask linearify,
and other properties without causing problems of delay

time and the like.

Fig. 2C



wherein Rlerr] is an alkyl group, a haloalkyl group or a phenyl group
whi ch may have one or nore substituents; RL3 and R err] are independently
a hydrogen.atem a hal ogen. atom an al kyl group, a hal oal kyl group or a

group of the. formla: [err] wherein R err] is as defined above.
8. Azresist material according tol@ @ m4, wherein . the photoacid
generator is a conmpound of the fornula: - 98 - [err]
wherein R err] is a hydrogen atom a hal ogen atom an al kyl group or a
hal oal kyl group; R err] is an alkyl group; Rerr] is an al kyl . group, a
phenyl group which nmay have one or nore - substituents, or an aral kyl
group. 9. . A resist material according to Cla|n14 wherein

t he photoaC|d generator is a compound of the fornul a:

FIG. 1

RI (mV)

" TIME (min)



[err] wherein Rlerr], Rerr] and Rerr] are independently an al kyl

group, a phenyl group, an al kyl-substituted phenyl group, a
hal oal kyl group or an aral kyl group; and R21 is a fluoroal kyl group, a
phenyl group, a hal oal kyl phenyl . %gp or-a tolyl group. 10.

- Aresist material according to C aim 4, ‘wherein the photoacid

: generator is a conpound of the forml a: -~ Jerr]

99 wherein Rerr], Rerr] and Rerr] are independently a hydrogen aton]
an al kyl sul fonyl oxy group, a hal oal kyl sul fonyl oxy group, or a group of the
f or mul a: [err]" R23 is an alkyl group or a group of the fornmnula: '

;

FIG. 2B

N
R

N

NN
NN
NN
&\\}\W

FIG. 2C




[err] in which Rlerr] and Rlerr] are independently a hydrogen atom a
hydr oxyl group, -an al kyl sul fonyl oxy group, a hal oal kyl sul fonyl oxy group,
.or a group of. the formula [24], in which Rerr], Rerr] and Rerr] are

i ndependently a hydrogen atom a halogfp atom an al kyl group or a

hal oal kyl group. 11. A resist mat &8 accordng to Caim4, wherein

t he photoacid generator is a conbination of at |east one conpound of the
formul a: [err] . : - 100 - wher ei n
Rlerr] and Rl err] are independently an al kyl group, a hal oal kyl group, or
an aral kyl group; Zis - CO- or - S(err] -, and at |east one conpound

sel ected fromthose represented by the formulae [17], [18], [20], [21] and
[22]: ' S

07 7
4

2

06 5
e '
3 | | - | !
g 05 e ;
N . |
N E :
E} 0.4 - i ;
o ' :
A ’ ’
< 0.3- ! !
L ' :
= e i !
0.2 , E ;
/0 5

7 E | ;

|/ i i ;

L4 — -

02 03 04 05 0.6 0.8
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[err] wherein R err] is a phenyl group which may have one or nore
substituents; Rerr] is an al kyl group, a hal oal kyl group, an.aralkyl
group, or a phenyl group which may have one or nore substituents; and Z is
- CO- or - Sgerr] -, ' [err] gﬂekgin Rlerr] is an alkyl group, a:
hal oal kyl group or a phenyl group whi / y have one or nore substituents;
Rlerr] and Rlerr] are i-ndependently a hydrogen atom a hal ogen atom an
al kyl group, a hal oal kyl group or a group of the formula: Jerr]

- 101 - wherein Rerr] is as defined above, -
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[err] wherein R err] is a hydrogen atom a hal ogen atom an al kyl group
or a hal oal kyl group; R err] is an alkyl group; Rferr] is an alkyl group,
a phenyl group which may have one or nore substituents, or an aral kyl
group, [err] wherein R[err],_ﬁ?err] and Rerr] are independently
an al kyl group, a phenyl group, an aI5y Gsubstituted phenyl group, a

hal oal kyl group or an aral kyl group; and R err] is a fluoroal kyl group, a
phenyl group, a hal oal kyl phenyl group or a tolyl group, and - [err]
wherein R err], Rerr] and Rlerr] are independently a hydrogen atom an
al kyl sul fonyl oxy group, a hal oal kyl sul fonyl oxy group, or a group of the

- formul a: - 102 -

FIG. 9
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[err] R23 is an al kyl group or a group of the formnula: [err] in
whi ch R27 and R28 are independently a hydrogen atom a hydroxyl group, an
al kyl sul fonyd oxy group, a hal oal kyl sul fonyl oxy group, or a group of the
formula [24], in which Rerr], R[erréljl d Rlerr] are independently a
‘hydrogen atom a hal ogen atom an alk &roup or a hal oal kyl group.

FIG. 10
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