DESCRI PTI ON ACRYLI C POLYMER AND RADI ATI ON- SENSI Tl VE
RESI N COMPOSI TI ON TECHNI CAL FI ELD The present
invention relates to an acrylic polyner and a
radi ation-sensitive resin conmposition and,
particularly, to a radiation-sensitive resin
conposition suitable as a chemcally-anplified resist
useful for mcrofabrication utilizing various types of
radiation, for exanpl eDE§EBFPUIQNavi ol et rays such as
a KrF exciner | aser or ArF excimer |aser, X-rays such
as synchrotron radiation, or charged particle rays
such as electron beans, as well -as to an acrylic
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the field of mcrofabrication represented by the
manufacture of integrated circuit elenments,
l'i t hographi c technol ogy enabling mcrofabrication with
TEGHNICAD¥ELD of about 200 nmor |less using an ArF
exci mer |aser (wavel ength: 193 nm), F2 excinmer |aser
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in order to achieve higher integration in recent
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resin conponent is known (Japanese Patent
Appl i cations Lai d-open No. 2002-201232 and No.

- 5 1 Aresist conposition using a
A§%8§H§§S&§ acid copolymer with narrow nolecul ar
wei ght dlsﬁ{lbutlon whi.ch contains an ester of a:
(et H) the figld of micrefabijcatonrepsesentef by thipnemyegtyr ek inegrated

bi cycl ohept ane carbol actone, or the |like as a
c1rqug(ﬁ¥qqaqq&g itheigraphic technology enabling mxcrofabncation with a line width of

about 200 nm or less using an A1F excimer laser (wavelength: 193 nm), F; excimer
laser (wavelength: 157 nm), and the like has been demanded in order to achieve higher
integration in recent years. As a radiation-sensitive resin composition applicable to the
excimer laser radiation, a number of chemically-amplified radiation-sensitive
compositions utilizing a chemical ampliﬁcatioﬁ effect of a component having an
acid-labile functional group and an acid generafor which is a component generating an
acid upon irradiation have been proposed. For example, a polymer for photoresist
comprising a resin component with a épeciﬁc structure which contains a monomer unit
having a norbomnane ring derivative as a resin component is known (Japanese Patent

Applications Laid-open No. 2002-201232 and No; 2002-145955).




is al so known (Japanese Patent Application Laid-open
No. 2003-84436). However, to achi eve a higher degree
of integration in the field of seniconductor, a
radi ati on-sensitive resin conposition used as a resist
is required to possess nore excellent resolution. In
addition, along with the progress of mcrofabrication
there are a nunmber of cases_in which a mnor defect
dur i AdeHEROMPeRERR upiag a1(msth)arr g agidponpbrrarrtwithnarresy
desi gn of devices. As a counterneasure against this
molsewlar waight distaibution which sontamseanfestet of @(mﬁ:ﬂ%amhs aeid veith a
process margin such as increasing resolution as a
spegigisinganogy@ohexdne thiaynlotiegenciegseriaanusy or thediketas Rgecurring unit
solubility of the resist in a solvent is regarded as
is abo kmogerffapsudse PatenoApplrasdbmpandpen No QE03vBMBGS.
def ects produced during devel opnent are supposed to
or i gHoateeerf toodthiche a hihendadrec s infegratios @MHRIRNE off Or m ng
the resist. Acrylic resins conmonly used at the
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utili zi an acrylic polynmer having a specific )
a C%H%Pﬁfgng&ﬁ TeRist: a M YCresios ammonlaesed At the peesent time,
radi ation-sensitive resin conposition. The acrylic.
posprappEEplky siderdains gadiet ongagid matn cheinargdaemed foRsbibiyy very
conprising a recurring unit (i) represented by the ‘
lowrselubgiy iySqlweniuiremipanly used fos wiesistyhg Merepveri ¢ good margin against

variation of process conditions, in particularly, 2 minimal line width change due to the

change in baking temperature is demanded along with progress of miniaturization.

DISCLOSURE OF THE INVENTION

An object of the present invention is to pfovide a radiation-sensitive resin
composition having high transparency to radiation, exéelling in basic properties as a
resist such as sensitivity, resolution, dry etching resistance, and pattern shape, and, in
particular, exce]iing in solubility in a resist solvent, exhibiting minimal dependency on

baking temperature, and reducing line edge roughness of patterns after development, by




represented by the followng formula (2), and an

acid-labile group-containing recurring unit (iii)

whi ch contains at |east one unit selected froma

recurring unit represented by following fornula (3)

and fornmula (4), ~CH? C ) -- -~CR- C-~CH- C
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utﬂi% @%r@&g@rr %ﬁiﬂﬁrf lmquq spgpifiGstrugiure, aaq the geivgrpelyyer used in

gr Qup represents a hydrogen atom |inear or
thetﬁ?%ﬁ&‘i’eﬁnﬁtlk‘%ﬁ“@r@ﬁﬁ)osﬁam ng 1-4 carbon atons, |inear

or branched al koxyl group having 1-4 carbon atons, or
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atons, X represents a polyalicyclic hydrocarbon group
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7-20 carbon atonms, R2 and R3 individually represent a
reptaserged bythe olkowihg ﬁ)Iﬁﬂlﬂf:y (2)gareiem achiRlabilg grbuf-ceatalidil; recurring

atons, R4 represents an alicyclic hydrocarbon group
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branched al kyl group having 1-4 carbon atons, nd
foua%mgq@hﬁuldgg)l dnd fHRRIEsHNt a hydrogen atom or a I i near

or branched al kyl group havi ng 1-4 carbon atons, and

n indicates an integer from3 to 7. 1 1 | 3 The

recurring unit (iii) is preferably a group of the

above ﬂDrnuIa (4), and partrcularlf.a group of the
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wherein R, R’, R”, and R””’ indir/idually represent a hydrogen atom, methyl group, or
trifluoromethyl group, R' represents a hydrogen atom, linéar or branched alkyl group
having 1-4 ‘carbon atoms, linear or branched alkokyl group having 1-4 carbon atoms, or
linear or branched fluoroalkyl group having 1-4 carbon atoms, X represents a
polyalicyclic hydrocarbon group consisting only of carbon and hydrogen and having
7-20 carbon atoms, R” and R? individually represent a linear or branched alkyl group
having 1-4 carbon atoms, Rfrepresents an alicyclic hydrocarbon group having 4-20
carbon atoms, R® represents a linear or branched alkyl group having 1-4 carbon atoms,
R® and R7 individually represent a hydrogen atom or a linear or branched alkyl group

having 1-4 carbon atoms, and n indicates an integer from 3 to 7.




and R7 are hydrogen atons, and n is 4 or 5. The
radi ati on-sensitive resin conposition of the present
i nvention conprises the above acrylic polynmer as a
resin conmponent and further conprises a photoacid
generator. Because the acrylic polynmer of the present
i nvention conprises the recurring wunit (i) of the
for the recurring unit (ii) of the for
- (2) %ﬁr Jing (Hgdfr prgferd bﬂa&sowa‘) tB%sb%ﬁorgﬁ% )
containing a E%& roup and COpSIStIn only of p
partigilarona greupief thedgemile A inaviichiR” Bramethylgreumer ethyl group, R
acj d-l abil e group-containing recurring unit (iii)
andrRpare Sedrogen Boms,rpadings teargd. (3) and/ or fornula (4), the
acrylic polymer possesses basic properties as a
chenilbarddjatmnsenditinecesie soptpositing of ihe presentduvdaniion comprises
radi ation,. particularly to deep ultraviolet rays
the mbpveereylicqublibyeras aAesm exapomint hadfrthénenglrsngs photodB
nm, such as high transparency to radiation, high
gen@eAdGi tivity, superior resolution, dry etching
tol erance, and good pattern profile. In addition, the
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roughness after resolution, but also depen ency on
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etchmg tolerance, and good pattern profile. - In addition, the acrylic polymer can reduce
not only pattern line edge roughness after resolution, but also dependency on post

exposure bake (hereinafter called “PEB™).

BEST MODE FOR CARRYING OUT THE PRESENT INVENTION
* The present invention will now be described in more detail by‘ way_of
embodiments.
The recurring unit (i) represented by the formula (1) has an alicyclic
hydrocarbon group oﬁgiﬁating from 5-oxo-4-oxatricyclo{4.2.1.0*> Jnonane as a lactone
skeleton in part of the side chains. The lactone skeleton may be substituted with a

linear or branched alkyl group, alkoxyl group, or fluoroalkyl group having 1-4 carbon




2-met hyl propyl group, |-nethyl propyl group, and

t-butyl group can be given. As exanples of the |inear

or branched al koxyl groups having 1-4 carbon atons, a

nmet hoxyl group, ethoxyl group, n-propoxyl group,

I - propoxyl group, n-butoxyl group, 2-nethyl propoxyl

group, 1-nethyl propoxyl group, and t-butoxyl group can:

be given. As the linear or branched fl uoroal kyl group
AORJ{ving 1-4 carbon atoms, groups in which part or al

of the hydrogen atonms ip the above al kyl group are
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originating from 5-oxo-4-oxatricyclo[4.2.1.03""]
2-methydmeryigrovrs 1giethylptegyhgroufiand teayl igronp aanibe given) As

represented by the fornmula (2) has a polyalicyclic
exatmptis of érebiorragordupnched alitgxyl-gtOupsdraing 1a4 oarbomatdms, a methoxyl

consi sting only of carbon atons and hydrogen atons in
gropgrethoadyl groep.si-prepehdgriipas pidpexgdrgrogp, X-buRnsel groab) v,

the recurring unit (ii) has a polyalicyclic
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only of carbon atons and hydrogen atons, and not
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As exanpl es of such an polyalicyclic hydrocarbon
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cycl oal kanes such as bicycl o[ 2.72.71] hept ane (2a),
idere- 2] Octane (2b), tricyclo[5.2.1.02" 6]decane

atOI?%E%{f&féetracyclo[§.2.1.13'6.02‘7 ] dodecane (2d), and
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has%@ic%c%@hydrooarbon group originating from 5-oxo-4-oxatricyclo[4.2.1.0*]
nonane on the side chains.

The recurring unit (i) represented by the formula (2) has a polyalicyclic
hydrocarbon group having 7-20 carbon atoms and consisting only of carbon atoms and
hydrogen atoms in part of the side chains as the group X. Preferably, the recurring unit
(ii) has a polyalicyclic hydrocarbon groﬁp having 7-20 carbon atoms, consistiﬁg only of
carbon atoms and hydrogen atoms, and not containing a polar group in part of the side
chains. As examples of such an polyalicyclic hydrocarbon group, alicyclic
hydrocarbon groups originating from cycloalkanes such as bicyclo[2.2.1heptane (2a),
bicyclo[2.2.2]octane (2b), tricyclof5.2.1.0% “decane (2c),

tetracyclo[6.2.1.1>°.0%"Jdodecane (2d), and tricyclo[3.3.1.137]decane (2€) which are

- shown by the following formulas can be given.




These alicyclic rings originating from cycl oal kanes
may be substituted with one or nore groups: For
exanpl e, skeletons substituted with one or nore

i near, branched, or cyclic al kyl groups having 1-4
carbon atons such as a nethyl group, ethyl group,

n- propyl group, i-propyl group, n-butyl group

2- et hyl propyl group, 1- nethylpropyl group, or
t-butyl group can be given. Specific exanples i ntl ude,

but Aar e not mted 5 ) S . B g
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(2ah 1) repre&&hted by tlm)formula (3)(amd/or (4) i@ea
unit containing an acid-labile group. 6 As. exanpl es
of R2 and R3, a nethyl group, ethyl group, n-propyl
group, i-propyl group, n-butyl group, 2-nethyl propyl
group, 1-methylpropyl group, and t-butyl group can be
gi vehheséaliepchiopings offindtihg fhotd icoclanlramesgigytpssubstituted with
originating from cycl obut ane,

one or more groups. For example, skeletons substituted with one or more linear,

branched, or cyclic alkyl groups having 1-4 carbon atoms such as a methyl group, ethyl
group, n-propyl group, i-propyl group, n-butyl group, 2-methylpropyl group,
1-methylpropyl group, or t-butyl group can be given. Specific examples include, but
are not limited to, the following groups. These groups may be used either individually

or in combination of two or more.

CH;

H;C\ /CH3 El CH, : 7
C @\
Z@ ' CH ' ' ﬁsc CH; '’
HC \ _CH
CHs HC |
. CH3

(6-1)

HG O

s s (D

The recurring unit (iif) represented by the formula (3) and/or (4) is a unit

containing an acid-labile group.




cycl opent ane, cycl ohexane, cycl oheptane, cycl ooct ane,
bi cyclo[2.2.1 ] heptane, bicyclo[2.2.2]octane,
tricyclo[5.2.1.02" 6] decane,
tetracyclo[6.2.1.13 6.02' 7] dodecane,
tricyclo[3.3.1.13" 7] decane, or derivatives of these
conpounds can be given. As exanples of R5, a nethyl
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butyl group can be given. As exanpl es of
-Pf%ey I'gtoug, aﬂ%‘@é B tRe ATMeHRYIBIAPYhEeup, 1-@1€ﬂwlprgmdlgpoup, and t-butyl
n- propyl. group, i-propyl group, n-butyl group
gropp fit P4yl group, 1-nethyl propyl group, and
t-butyl group be given. In the recurring unit
(iiiNfs exmlatﬁmfabdmwgomgmupﬁ efiginativigy/friiasyelnbutane,
alicyclic ring. A preferable recurring unit (iii) is
cyclpesiane, cycighaxaig, oytlobdpeardes cyalbartdné) bicy kil lasptae,
particularly preferable recurring unit (iii) include

bleZd’hﬁZ@’deﬁsrllendybE)[S Qﬂl026]ﬂettgle]‘ Ketrmychfm 04 B of-0dédecdne,
C(-CH2 € ---+CH2--C~ C=00 (4-1) C=00 (4-2)

tnc?blﬁ{i%.37(?&@7]d@ane:6HaenﬁthesQ)f@H@se compounds can be given.

As examples of R, a methyl group, ethyl group, n-propyl group, i-propyl
group, n-butyl group, 2-methylpropyl group,‘l—methylpropyl group, and t-butyl group
can be given.

| Aé examples of R®, a hydrogen atom, methyl group, ethyl group, n-propyl
groﬁp, i-propyl group, n-butyl group, 2-methylpropyl group, 1-methylpropyl group, and
t-butyl group can be given.

In the recurring unit (iii), the acid-labile group preferably has an alicyclic ring.

A preferable recurring unit (jii) is a recurring unit of the formula (4).
Examples of particularly preferable recurring unit (iii) include the grdups of the

following formulas (4-1) to (4-4),

R R R R
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| —CH— C\+ ~—CH,~ c/\+ —CH— c/ — —CH,— c/ —_
c=0 C=0 \ _o \c=0

/
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(4-1- ) : 4-2) : (4—3) (4-4)




0O H3C (4-3) HHC2 / O (4-4) 7 wherein Rrepresents a
hydrogen atom nethyl group, or trifluoromethyl group.
Among the groups of the forrmulas (4-1) to (4-4), the
groups of the forrmula (4-1) and formula (4-2) are
preferable in view of the conbination of recurring
units in the present invention. The acrylic polyner
of. t e resent |nvent|on | referably formed fromthe

whefg SRS B FSER o U L0 P trflupfometiy sroup.
aci d- Iablle group-¢ ntalnln uni t containing (iji).
As eRdpiedhc groupheft ﬁaﬁg@}@ rlaa@% -k ﬂ%ergéowé% i foghula
units represented by the fornulas (i), (ii), or o

(4-Diandyforngda é4-3) g pﬁ@@blﬁ én Hiemtokte combingléan efreqTipg units in
the formulas (1-1), (2-1), (3 1), or (4-5) can be

the grasent, inRoRonTC R'' | CH2--C CH2=C CH2 =C CH2=C C O
cococo / /Il O0O00O

The acrylic polymer of the present invention is preferably formed from the

above-described recurring units (i), (i), and acid-labile group-containing units
containing (iii). As examples of the monomers producing the recurring units
represented by the formulas (i), (ii), or (iii), esters of acrylic acid derivatives shown by

the formulas (1-1), (2-1), (3-1), or (4-5) can be given,

R R’ R"
/ / / /
CH,;—C CH,=C CH;=C CH;=C
\ \ N\ \
/ / / /
° { { %
RS
2 c-
X /c‘:\ R A RS
0 [ R—C~
R! N

-1 (2-1) (3-1) (4-5)

Wherein R, R, R”, R, R'to RS, X, and n are the same as defined in the formulas (1),
(2), (3), and (4).

In the acrylic polymer of the present invention, the following monomers can
be given as the monomer forming the acid-labile group-containing recurring ﬁnits with
the recurring unit {(iif). In the following description, (meth)acryl means acryl or
methacryl.  Specifically, acid-labile group-containing monomers such as
2-methyladamantan-2-yl (fneth)acrylate, 2-ethyladamantan-2-yl (meth)acrylate,

2-n-propyladamantan-2-yl (meth)acrylate, 2-isopropyladamantan-2-yl (meth)acrylate,




X1 - R XRIRICRSR6 (2-1) (3-1) (4-5) wherein R
R, R, R", RLto R6, X, and n are the sane as
defined in the fornmulas (1), (2), (3), and (4). In
the acrylic polynmer of the present invention, the
foll owi ng nononers can be given as the nononer
formng the acid-|abile group-containing recurring

nits w.t the recurring unit (jii)..Ln fol | ow
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Specifically, acid-1ahile group-containing nononers
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(meth)aerstatea tmethyltstracydolge. hy ™. @t dpide¢-rhet hinsidyagrdate,,

2-met hyl bi cycl o[ 2. 2. 1] hept-2-yl (neth)acryl ate,
4-etyhethacytiopsy2 AP 207 dddeegtyd Pmpih)dardtte) acr yl at e, _

8-nmethyltricyclo[5.2. 1.02 '6]dec-8-yl (nmeth)acryl ate,

1-(Btradyblol6.2ilcy € I00] 1 Bodec -0 1 Ghethglethyy (methymettytacr y| at e,
4-met hyl tetracycl o[ 6.2. 1. 13,6. 02,7 | dodec- 4-yl

1, [{di@icloh [ @uethAci§taby hh@thedikedanbb gied. 1, 6. 02' 7
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yner the present invention preferably is

con%?HSSLIhE tré&.lﬂ%f_ﬁ)/m{ (ri‘i?)., and particularly preferably by the recurring unit (i),

recurring unit (i1), and recurring unit (it).

The proportion of these recurring units in the total recurring units from which
the acrylic polymer is formed is 20-70 mol% of the recurring unit (i), 1-20 mol% of the
recurring unit (ii), and 20-60 mol% of the acid-labile group-containing recurring unit
(iii), with preferable range being respéctively 30-60 mol%s, 3-15 mol%, and 30-50
mol%.

If the content of the recurring unit (i) is less than 20 mol%, the resist tends to
 exhibit poor developability; if more than 70 mol%, resolution of the resist and solubility
in a resist solvent tend to decrease. If the amount of the recurring unit (ii) is less than
1 mol%, resolution tends to decrease; if more than 20 mol%, resolution t-ends to
decrease. If the amount of the acid-labile group-containing recurring unit (iif) is less
than 20 mol%, resolution tends to decrease; if more than 60 mol%, developability tends
to decrease.

In the acid-labile group-containing recurring unit (iii), the amount of the

recurring unit (iii) is preferably 10 mol% or more of the total amount of the recurring




recurring unit (i), recurring unit (ii), and an
acid-labile group-containing unit which contains the
recurring unit (iii), and particularly preferably by
the recurring unit (i), recurring unit (ii), and
recurring unit (iii). The proportion of these
recurring units in the total recurring units from
ich the acrylic polyner is formed is 20-70 nol % of
units frnpRg e ACRGICMTT ), 1-20 ol % of the recurring
unit _(ii), and 20-60 nnl@bof the acid-labile
gr oupbe asiEvlis pelwger efcthe prespt dntention £an be prgparpd by, for example,
preferabl e range being respectively 30-60 nol % 3-15
polmtwnm i goresql mensinggys ¢drrespendsagitossach of thelabovegeunringynits
unit (i) is less than 20 nol % the resist tends to
in agxhpioptiate solvenldu ¢haopradeinte ofg cliafin ranséertagemt, FOrequitedy using a
resolution of the resist and solubility in a resist .
radsall podyrherizatidn imtistecsuehaehydrbpdérbeidantiaiiy] mfotidke diacyl peroxide,
recurring unit (ii) is less than 1 nmol % resolution
or dz@e@pdnddecr ease; if nore than 20 nol % resol ution
tends to decrease. If the ambunt of the acid-labile
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mol % resol ution tends to decrease; if nore than 60

cycf@ﬁika{%esds%¥§ LoPR R Helk bk, ERMIRptdne, dRIJoERRE - debAlirt 'ﬂ@rbomane

aci d-l abil e dgroup- contalnlng recurring unit (i1i)

sattﬁ‘gfec'f E:Srbe)t 1icheid és?éﬁy 5dch g ellﬁgl Lcefdtd 'n)-bdtil Rl ﬁ&ky a%&te

% or re of e total mount ~of e recuarri

metﬂ?l' ﬁrﬁglfoﬁarztg] 44 ptr&ﬁll&fé t%y}%)dr?? g%gll)%lgﬁ{gl etﬁgeacgﬁgey l fk?llgc%ﬁég@ﬁch

present ven repare

as ? ra ?ﬁ‘oﬁmtogg lﬁﬂﬁrtbleésns c astr%ﬁltlt% gneOE ng{e]lggﬁe %nd e%hgl 1sobutyl

spon bove T eRur i
ket?neaﬁgc? féegt%l%eesssggﬁ/ ?esnc%{cioﬁsﬁmo gr Cé)%gﬁs S}uglafxsa%‘—Propanol and
BT S B o S o B
ol y NP sSlve i may dy s g%ai@'gg%g e BRes o o or
cycl ohept ane, cycl ooctane, decalin, norbornane;
more:

The polymerization temperature is usually from 40 to 120°C, and preferably
from 50 to 100°C. The reaction time is usually from 1 to 48 hours, and preferably
from 1 to 24 hours. |

The acrylic polymer of the present invention has a small content of impurities
such as halogen and metals and preferably contains residual monomers and oligomer
components in a specific amount or less, for example, 0.1 wt% or iess when measured
by HPLC. This not only further improves s'ensiti.vity, resolution, process stability, |
pattern profile, and the like as a resist, but also enables provision of a radiation—sensitive

resin composition usable as a resist having no foreign particle in the solution and

showing no change in sensitivity over time.
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saturated carboxylic acid esters such as ethyl
acetate, n-butyl acetate, i-butyl acetate, nethyl
propi onate, and propyl ene glycol nononethyl ether
acetate; al kyllactones such as r . -butyrolactone;
al kyl ket ones such as 2-butanone, 2-heptanone, and
nmet hyl isobutyl ketone; cycl oal kyl ket ones such as

cycl ohexanone;. al cohol s suc 2- propanol, and .
pr o}l SAEPES\EShe RS 6&%%%9@3?%%@@ aeigic Relv ik dhe fofowine
gi ven. These solvents nmay be used either individually
methadsican e gyPRat Ao A Snedfod; b resRoViRF EPUTHES HishyAsEpetaln @ mafthod
tenperature is usually from40 to 120C, and preferably
of adsoghing Metads ingberesmhelutioassingrd aetarpoterfial Slted, pynethaskail
to 48 hours, and preferably from1l to 24 hours. The
trangfornying ¢hepmbtplsantoas chiclate giate by rwashing ¢ fesin shhusion vaihean| acidic
content of inpurities such as hal ogen and netal s and
aququne elutidn yuchas bailitsacidsi gilfahicraoiiomenremaniag ohe metatsy and the
conmponents in a specific amount or |ess, for exanple,
like Qarl bavki%enr Aes methdfonpasivirgrthe basiddel fSondihers andbligothet
further inproves sensitivity, resolution, process
comgbﬁémd attalspecifiahlae Br REDfillg@id-AQdd eReadtibk énelifoddin v isthe
ut al so enabl es provision of a radiation-sensitive

residi$ A nSRAPRARH bliESmESRR R nats ard i@RHboséd BRYMBInAG WAhRESAth
particle in the solution and show ng 'no change in

water g i‘aitshl\féﬁlé’ sQV&T, 4 pilicatiOn ARURYANRIER1OA sthltSuch as

purification nmethod for the acrylic polyner, the

-ultrifﬂ{r‘llt%ﬁ iﬂ%hi&%ﬁl? ﬁfe & gﬁ@ntg hXﬁ?gla@ec?ﬁdTﬁBE:glgaf {g/%ight or less

renoving rnpuritres s as ne a net

are %gfag{eﬁiapg H{BF% ld? 2 }‘e{br rcﬂﬁ‘ta{igf? itrr[}g‘gﬂloi#f WPk tH? L8 moR%mers

a-pote er,” a ne transformng t
t.als into a,cheljate, state. b i NQg: resi
and 5 gt PR Sub o AT HREoliob 18 2! v

oL 5 ST PR BB TR bS5 VAL
TN RN ER
ol S e S e T S S B B i
combination. The type of the poor solvent used in the reprecipitation method varies
depending on the properties of the acrylic polymer to be purified and the like. Sucha
| poor solvent is therefore appropriately selected.

The polystyrene-reduced weight average molecular weight (hereinafter
referred to as “Mw”) of the acrylic polymer determined by gel permeation
chromatography (GPC) is usualljr from 1,000 to 300,000, preferably from 2,000 to
206,000, and still more preferably from 3,000 to 100,000. If the Mw of the acrylic
polymer is less than 1,000, heat resistance as a resist may be decreased. If the Mw
exceeds 300,000, developability as a resist may be decreased.

The ratio of Mw to the polystyrene-reduced number average molecular weight
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wat er and a suitable solvent, a purification nethod in
a solution state such as wultrafltration in which only
t he conponents having a specific nol ecul ar wei ght or

| ess are extracted and renoved, a reprecipitation

met hod in which the residual nonomers and the |ike
are renoved by adding the acrylic pol ymer solution to

a. pqor oIvent causi ng t he
(hegisfagier rsferied te Gﬁgﬁ;gfgt?rﬁm@ 5 %e%aav%? ogatdaphy (GPC)
urlflcatlon method in a solid state in which the
M‘ﬁ@@r@”ﬁ sacnyligpolwpar i vaepllyyiram L de g gngrprefsrablialerad i3t h
a poor solvent, and the |like can be given. These
met hikrsandeyiniyeere sedsured by: gettiermedtion ¢ tegrpphydGRarsing
- poor solvent used in the reprecipitation nethod varies
GPGe:pbnmS MG2e0 e Drei9otixes lohnd 0@y L monyarared oy
be purified and the |ike. Such a poor solvent is
Tosbh €ogf pine lagippefornahed GPEappatied (“HDE-8120" manufactured by
pol ystyrene-reduced wei ght average nol ecul ar wei ght
Tosth €ogp. nafdeethe fokdveing edndifiomsS "FOW Yatef1.0 hd/ndaiity| digate:
pol ymer determ ned by gel perneation chromat ography

tetrfi5fDfutaf, cbSutah tem (Pd%ﬂHel 4600 stafid 278 PefBRfce MaRHEF afdhn¥dispersed
from2,000 to 0,000, and still nore preferably from

pol to 100,000. If the Mv of the acrylic polyner is
ess than 1,000, heat resistance as a resist my be

decr RARSHresdidt 1ﬁ%ﬁth\’ th&€3&GH! 33;1991’ &g%e'usgf Yi@leP Bﬁl@dlhﬁaﬁﬁé or

~as a resist may be decreased he ratio

inc?ﬁéﬁﬁhg£§?§?65¥ﬂﬂ%%d nunber average nol ecul ar melght 11

relrna erred to as "Nh") deternmi ned by ge

ety R B GHHPHR SRR oscrt of el onle bl b,
becgﬁgﬂa%%l%golﬁlﬁ W?I@d&)%e\/\éecﬁgn aselilcr1 d 'Pl}{er%%&% % at' on

using ‘ums
red b

. t

be @?@Y}lﬁ%&ﬂ%@ﬁ‘d bl PP R n&fﬁ%ﬁ&?& lczmﬁq?ﬁ&mmeem
factured by Tosoh Corp.) under the follow ng

coWﬁ?ﬁﬁPPlons Flowrate: 1.0 m/minute, eluate:

tetr rofuran,. col utmm tenperatu 40C, . st andard
1 of chOHpea s TeSHfRRACE iop caribe phiripet F Enbining the

acrylic polymer as an acid-labile group-containing resin and an acid generator which
generates an acid by being irradiated with radiation,

As the acid generator, onium salt compounds such as sulfonium salt and
iodonium salt, organo halide compounds, sulfone compounds such as disulfones and
diazomethane sulfones, and the like can be given.

As preferable examples of the acid generator, triphenylsulfonium salt
compounds such as triphenylsulfonium trifluoromethanesulfonate, triphenylsulfonium-
nonafluoro-n-butanesulfonate, triphenylsulfonium perﬂuoro-n-octanesulfonate,
triphenylsulfonium 2-bicyclo[2.2.1]hept-2-y1-1, 1,2, 2-tetrafluoroethanesulfonate,

triphenylsulfonium-
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In the present invention, the acrylic polyner can be
used either individually or in conbination of two or
nore. The acrylic polyner is usually insoluble or
scarcely soluble in alkali, but becones easily
soluble in alkali by the action of an acid. Therefore,
t he pol yner can be suitably used as an acid-labile
group containing resin in a radiation- senS|t|ve resin
2-(@deHrsaslpldgho. lA adredacanylyédsdiflugwethangshlfersisosi t i on
_can be obtained by conbining the acrylic polyner as
tﬂ}ﬁﬁﬂ}dwlﬂaﬂl@bi\ﬁﬁé’-gﬁé@pafbmroal—wtn@esu@@nwﬂnard@teann cid
generator which generates an acid by being irradiated
triphietylsul feabivent camphotsiifoneteadicsiclgberylpttcoyldipbanyisloalum salt
conmpounds such as sulfoniumsalt and iodoniumsalt,
corapgais sivhl as decyc ooy plttsy | diplidngselfomomatifldsromethanesslfonate,
di sul fones and di azonet hane sul fones, and the |ike

4-oyaloh&e gen@diphdsy 1 Rheim AbsfRvash! esnefulfohgeaci d
generator, triphenylsulfoniumsalt conpounds such as

4-dytloROSMHe AW fpheﬁy;mlfdnidrh STRIGR-Ranentuifonate,

fri phenyl sul foni um nonafl uoro- n- but anesul f onat e,

4-dyEloRBSMteRbipABEHENIRRANfhHOr 0- n- oct anesul f onat e,
ri phenylesﬁl fp%nlyﬂm 2-bicyclo[2.2.1

A P i R R, 20, 12, 5
44%5D&%§ﬁ§%ﬁﬁﬁ¥ﬁgﬁﬁmﬁﬁghﬁhyoroethanesulfonate,
2-( -ty'ra‘%‘]:lofllnﬁpﬁgﬁ o 8o@echt ?s’ulﬁij {181? hell, ona?é

nyt sult oni U

S R S v Sr?%%vtﬁw%%nyﬁlmldme
andy eyt S R ARD P SRS G enrpeqrapifonate:

R 'ﬁéﬁ%‘?‘éﬁwnea e es

%%‘a&én“e%w oc%\ﬂ%@%fo rgmhaﬁw}f?@%i cyclo [2.2.1"

1.k y 2, 2-tetrafluoro etanesul fonate,
—t—butylpheny dlphenylsulfomum nonafluoro-n-butanesulfonate,

4-t-butylphenyldiphenylsulfonium perfluoro-n-octanesulfonate,
4-t-butylphenyldiphenylsulfonium-
2-bicyclo[2.2.1]hept-2-yl-1,1,2,2-tetrafluoroethanesulfonate,

' 4-t-bﬁtylphenyldiphenylsulfonium—

2-(3-tetracyclo[4.4.0.1*°.1"'%|dodecanyl)- 1, 1-difluoroethanesulfonate,
4-t-butylphenyldiphenylsulfonium N,N’-bis(nonafluoro-n-butanesulfonyl)imidate, and
4—t—butylphenyldiphenylsulfonium camphorsulfonate; tri{(4-t-butylphenyl)sulfonium salt
compounds such as tri(4-t—5utylphenyl)su1f0nium trifluoromethanesulfonate,
tri(4-t-butylphenyl)sulfonium nonafluoro-n-butanesulfonate,

tri(4-t-butylphenyl)sulfontum perfluoro-n-octanesulfonate,

13




4- cycl ohexyl phenyl di phenyl sul foni um 2-(3 -tetracyclo

[4.4.0.12.5.17.10]

dodecanyl ) -1, 1- dlfluoroethaneSU|fonate

4- cycl ohexyl phenyl di phenyl sul f oni um

NN - bi s(nonaf | uor o- n- but anesul fonyl )i m date, and

4 cyclohexylphenyldiphenylsulfoniun1canphorsu|fonate;

tyIp enyl di phenyl sul foni um salt conpounds such

U(%§b“ Eh%} '%Hﬁwyldiphenylsulfonium

trlfluoronethanesulfonat
2-bicyclof, 2yl lfshidyl éﬂpﬁa%ﬁ%ir&mpmﬁﬁmﬁ%wlfonate

nonaf | uor o- n- but anesul f onat e,
tri(4-ttbubyiphenphestfpnainpheny| sul f oni um

per fl uoro-n- octanesulfonate 4-1 - butyl phenyl di phenyl
2-(3wétfampelofh20.bHcl/ETdpdecanyl)-1,1-difluoroethanesulfonate,

] hept-2-yl-1,1, 2, 2- tetrafluoroethanesulfonate
tri(4-ttbubdp henpheiifphivck Nl;i\é’nlyils@mhﬁﬂmﬂrum—butanesulfonyl)imidate, and
- 2-(3-tetracyclo[4.4.0. 12.5.17.1]

tri(dadredphenyHsul ibnilint taipleeiionesytibbasliodonium salt compounds
4-t - butyl phenyl di phenyl sul f oni um

~ such a'érduhieﬁ mﬂeﬂmhﬂ@mofmmm@ﬁaﬂwnfawwuipheﬂynhdamumand
4-t - but yl phenyl di phenyl sul f oni um canphor sul f onat e;

noﬁarﬂubflo ﬁbhﬁwéuﬁﬁﬁmld)i ?%Hdiﬁﬁrﬁ phiflucFNRIeMNEIERAE as
-t - but yl phenyl )'sul T oni um

| - .
d1ph5ﬁ)t(lioﬂgﬁ1 i ypeﬂgﬁny%% gjli}l €2 Iyl 1,1,2,2-tetrafluoroethanesulfonate,

d‘P?rgfﬁ?{f.‘i?ﬁBR’ n- but anesul onat e,

ut yl phenyl ) sul f oni um

f | 4

GRS ARt
t t f { f
dlptr‘lf‘ﬁ‘ﬁ%d?mt%%& by eEapRhRl rﬁ%° ru?@n??%ﬁ%%% A
dlp{hp?ytledpmﬁﬁltcgﬁ%ﬁg%w)f?w'fbbs'gg-ﬁ rh%%gr gr?lHrlnfso t%})r%pounds
N, N - b | d nd
suc@msﬁas%—t istsndiofsturtoRnanmerptorelitona: or
I [t d h

biSEﬁB e”iia BB PP HOT AT FSnat .

henyl i odoni um nonafl uor 6- n- but anesul f onat e,

bis{ﬂ B FHUBPIRHT BPEINQET-B-0RHETAREYEI f onat e,
bis(4-t-butylphenyl)iodonium-

2-bicyclof2.2.1]hept-2-yl-1,1,2,2-tetrafluoroethanesulfonate,
bis(4-t-butylphenyl)iodonium-

2-(3-tetracyclo[4.4.0.1%°.17'*|dodecanyl)-1, 1-difluoroethanesulfonate,
bis(4-t-butylphenyl)iodonium N,N’-bis(nonafluoro-n-butanesulfonyl)imidate, and
bis(4-t-butylphenyl)iodonium camphorSulfénate;
1-(4-n-butoxynaphthalen-1-yl)tetrahydrothiophenium salt compounds such as
1-(4-n-butoxynaphthalen-1-yl)tetrahydrothiophenium tnfluoromethanesulfonate,

1-(4-n-butoxynaphthalen-1-yl)tetrahydrothiophenium nonafluoro-n-butanesulfonate,
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di phenyl i odoni um 2-bi cyclo[2.2. | ]hept-2-yl- 1,

1,2,2-tetrafl uoroet hanesul fonate, diphenyliodoni um

2-(3-tetracyclo[4.4.0. 17,1.17, "ldodecanyl)-1I,

1-di fl uoroet hanesul fonate, di phenyli odoni um

NN - bi s(nonafl uoro- n- but anesul fonyl )i m date, and

di phenyl i odoni um canphor sul fonate; - _

i s{(4-t-butyl phenyl)iodagni um salt conpounds such as

1- rlgﬁ‘ﬁtpﬁyl}ggﬁtilp]ﬁﬁ-elnx}}tytpgﬂgmt@ﬁphemum perfluoro-n-octanesulfonate,

trifluor-onethanesul fonate,. ]
1-(@insputoxyngphthipleprd rixf )ty rabayareithigphenium- |

nonaf | uor o- n- but ari esul fonate, -
2-tieyefof 2 2. a2 el 2 Liteigafhionpethanesulfonate,

per fl uoro- n-oct anesul f onat e,
1-(Birsbutoxyriaphthilphd myt )t tragdrithinpBerbamy cl of 2. 2.

I]hept-2-yl-1, 1,2,2-tetrafl uoroethanesul fonat e,
2-(Bitetrabytloplid 9/1pherf)ddd deyl)-u/m-diZubRretiahdsaEyadtol 4. 4. 0.

12, 5. 17"0 dodecanyl )-1, 1-difl uoroethanesul fonate,
1-(Bisbutokyraphtyihiphe Byt ttAbe@RithiBphenium-

NN - bi s(nonaf | uoro- n- but anesul fonyl )i nm date,, and

N, Ki-bis¢onathtny ekl kg Dthidn< anphor sul f onat e;
1- (4- n- but oxynapht hal en-'1-yl ) t et r ahydr ot hi ophem um

1-(33-but6 Rsien-g drothippheni -
(1- (41{ n%?%xyn%p% %I e?{-rlo- ylP teéltlurnéﬁil/ra?%otr?ﬂl%g t(g"ni um

e A Rt DRRA Fupiontehon e camppiet el
LA PR AR SRR Pitibhenimnar Qe wogstamr et
1 P S PR B o i b o B HPbbes o nace,
13 reapnRD ek o SR e i Rrel oo fpnate
ey b S Niert dattiopheubic oxynapht hal en- |
Z'bwlﬁgoigéglzﬁ%ﬂg%ﬁ'gL}%E'EQ‘%WFWP?Fm date, and

- (4-n-but oxynapht hal en- | -yl)tetrahydrothi opheni um
1—(éa%wsqh§ﬂfl$)é; é)gcg;?henyl)tetrahydroth)l/op)henium- Y P

2-(3-tetracyclo[4.4.0. 1% 1"'%dodecanyl)-1,1 ~diﬂuoroethanesulfonate,
1-(3,5-dimethyl-4-hydroxyphenyl)jtetrahydrothiophenium-
N,N’-bis(nonaﬂuoro-n—butanesulfonyl)imidate, and
1-(3,5-dimethyl-4-hydroxyph¢nyl)tetrahydrothiophenium camphorsulfonate;
succinimide compounds such as N-(trifluoromethanesulfonyloxy)succinimide,
N-(nonafluoro-n-butanesulfonyloxy)succinimide,
N—(perﬂuoro-n-octanesulfohyloxy)succinimide,
N-(2-bicyclof2.2.1Thept-2-yl-1,1,2,2-tetrafluoroethanesulfonyloxy)succinimide,

N-(2-(3-tetracyclo[4.4.0.1%° 17'%]dodecanyl)-1,1 -difluoroethanesulfonyloxy)-

succinimide, and N-(camphorsulfonyloxy)succinimide;
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1- (3, 5-di net hyl - 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um
salt conmpounds such as

1- (3, 5-di net hyl - 4- hydr oxyphenyi ) t et r ahydr ot hi opheni um
trifluoronethanesul f onat e,

1- (3, 5-di net hyl - 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um
nonaf | uor o- n- but anesul f onat e,

bi%céﬁglﬁr%iglg hg'B%let‘%géE%Cg 0X 15 el r ahydr ot hi opheni um

5-di rreth | - 4-hydroxy hen I tetrah dr ot hi opheni um
N—érﬁé.‘og%ptgﬁges? %hpcyz: ]¥1el))t 5-ene-2, dicarboxylemde

1,2,2-tetrafl uor oet hanesul fonat e,
N-(nonaglurotnbutangsulienrpay bioy plebnhgi L hept-5 g ds beinarbprmiden

2-(3-tetracyclo[4.4.0. 12,1. 17"ol dodecanyl)-1,
N-(perdiiuprasprogianera gg}dpﬂah@y@op 2.1]hept-5-ene-2,3- dlcarboxylmlde

1- (3, 5-di net hyl - 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um
N-(Brbheychif 8. 2ridimept-Reydvlok, 7 2 BesrafhesodthareydJdnylodts)bécychifizl 2. 1]-

- 1- (3, 5-di net hyl - 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um

hepu:-érqmbdn$dicﬁrhnayimide,succi ni nude conpounds such as '

N-(trifluoromethanesul f onyl oxy) sucei ni m de,

N-(R-(E-aaraftiopreon? bm‘aﬁs@e&ﬁﬁml1oamh5t&a1aﬁ¢smf@i@10xy)_
N- ( perfl uoro-n-oct anesul f onyl oxy) sucei ni m de,

blc%'l(ﬁ@ Diayslnbne-23- dicarboxyimide,

] hept-2-yl-1,1, 2, 2- tetrafl uor oet hanesul f onyl oxy) succi

N—(Bérﬂ%ﬁﬂﬁsulfo?ﬂyﬁ)%gﬁﬁbyb%ﬁ quﬁzlpflkdené X03-dikArbbxyimide, and the like can

dodecanyl 1-dif r oet hanesul f onyl oxy) -
be Si¥&Ei ni m de, and N-(canphorsul f onyl oxy) succi ni m de-,
5 bi cycl o[ 2. 2. 1] hept - 5-ene- 2, 3-di car boxyi m des such

as ?&ésle%qg&gﬁ&g QE(? §§Jli %8%%8@’&9 'b& Xlgédoell[hgl‘ 1%d1v1 dually or

ke t
rm %Nﬁle z t e n e cg %ngr}ét Iglrc%g% )}B %ﬂé.lrg §¥I)SRV(EI¥%|1’18 Lig\'re%p:zllbilify asa
feS*f'\*h RO E RS OG- BERE by RS Sedat i g pros by peigt,
ol B v et
polwl%)rz ? gﬂ%ggtf;gd}b{%gcﬁ eiaéorgs Tgss than 0.1 part by weight, sensitivity
iSO AY i” PESeSl Lo OB B e
rectangular resist pattern may not be obtained due to decreased transparency to
radiation.

Ve_trious types of additives such as acid diffusion controllers, alicyclic additives
having an acid-labile group, alicyclic additives having no acid-labile group, surfactants,
and sensitizers may optionally be added to the radiation-sensitive resin composition of
~ the present invention.

The acid diffusion controllers control diffusion of an acid generated from the

acid generator upon irradiation in the resist film to suppress undesired chemical

reactions in the non-irradiated area.
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N- (canphor sul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5-ene-2, 3-di c
arboxyimde, and the |ike can be given. In the
present invention, the acid generators can be used
either individually or in conbination of two or nore.
In order to ensure sensitivity and developability as a
resist, the annunt of acid generator to be used is

usual l.y. fro arts
pr ef éﬂﬁﬁw o ki G 6013&1@5, ﬁ@@lé&@@ﬁve%qrage stability of
100, parts by wei ght of the acrylic lymer. If the

the é??BEWB refﬁaté%seaé e FRSRGOFRISItion améggso{twaﬁ 06thf rgsafrtt by

ght, sensitivity and developability ma

Momereg@@gdmpp of the asifoliffusiex certerleg prayamts ghedylewed@lmf they
rectangul ar resist pattern may not be obtained due to

resiglepatternsieein changpgdusrio ghanges irathie posteexpoyae delas (RERP)ds:twéen
addi tives such as acid diffusion controllers,

irradiaticy ed devabbpinteint e¢herehgaicompansitiaaivdth mbﬂaﬂ«ab@rsup@'ior process
alicyclic additives having no acid-1abile group,

statdlityfcat baobminedand sensitizers may optionally be added
to the radiation-sensitive resin conposition of the

pr esapthd &ubditiusion cdRBIRE ingtrSidntdonhitMiin € efkhielcb/pSunds of
control diffusion of an acid generated fromthe acid

~ whigR BRIAkRIty dB&Y ndt chafdb ahhﬂg irk 41t dr @kl WhdnMofiRing a resist
suppress undesired chem cal reactions in the

patfefark prddthgied area. 16 Addition of the acid diffusion
controller further inproves storage stability of the

ool b anPErbEthe ARrRERPbhbiiihd Gouflc COMRAR Phef e
corﬁﬁ‘ﬁn é 'aﬁincfg Sérf)ﬂﬁ -c 1ﬁﬁﬁtc]pmgoﬁﬁ%so ﬁ&é‘f@&&% a&rn'ﬁ Amxﬂeﬁp{ﬁ%%d%

st pat gl ng es In
| a betmeen |at|on and
con} ﬁn?sg%ﬁn%ﬁ S LB helordeskiip BORBEds bl RkRen

stabilit

ac "k BLPERE R Bt ComrePa diS Zﬁ%ﬁﬁ?ﬂ@vﬁwgﬁﬁ pich
o GO B B R U2,
tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine, tri-n-nonyl amine,
tri-n-decylamine, cyclohexyl dimethylamine, dicyclohexyl methylamine, and
tricyclohexylamine; aromatic amines such as aniline, N-methylaniline,
N,N-dimethylaniline, 2-methylaniline, 3-methylaniline, 4-methylaniline, 4-nitroaniline,
2,6-dimethylaniline, 2,6-diisopropylaniline, diphénylamine, triphenylamine, and
naphthylamine; alkanolamines such as triethanolamine and diethanolaniline;
N,N,N’,N’-_tetramethylethylenediamine,
N,N,N’,N’-tetrakis(2-hydroxypropyl)ethylenediamine,
1,3-bis[1~-(4-aminophenyl})-1-methylethyl]benzenetetramethylenediamine,
2,2-bis(4-aminophenyl)propane, 2-(3-aminophenyl)-2-(4-aminophenyl)propane,

2-(4-aminophenyl)-2- (3-hydroxyphenyl)propane,
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pattern are preferable. As exanples of the

ni trogen-contai ni ng organi ¢ conpound, tertiary am ne
conmpounds, am de group-contai ni ng conpounds,
qguat er nary anmmoni um hydr oxi de conpounds, and

ni trogen-contai ni ng heterocyclic.conpounds can be

gi ven. Exanples of the tertiary am ne conpound incl ude

tri(cyclo)al kyl am nes such as triethyl am ne,
2-(’&-ramnwpﬁPlaﬂlr?%hﬁécoxwhenﬁbﬁepweam ne,
tri-n-pentylam ne, tri-n-hexylam ne,
1,4¢his[ 144 -aeyrapbgpylid-methylethyleenzengr ne, tri - n- nonyl
am ne, tri-n-decylam ne, cycl ohexyl dinethylam ne,
1,3eliigf J-€#-aminophensd)-hyihethylatby! Jberden, bis¢3-dindibyynamethgl) ether,
aromati ¢ am nes such as aniline, N-nethylaniline,
bis{Q-diethiylaptitmelttan) ¢thereandthedikdiyl ani | i ne, 3-net hyl ani | i ne,
4-methylaniline, 4-nitroaniline, 2,6-dinethylaniline,

2, 6- disiesmpplepyf teiahiidegrodp-pbaainiongoubds, phaiitianone,
and napht hyl am ne; al kanol am nes such as

N-tt buit@dyBaboh i Hro\ep-edifaifing bhaobaip dund€suchMsN, N, N

-tetramethyl et hyl enedi am ne, N,N,N , N

N—Fﬁlﬁéiyekrﬂaﬁﬂﬁdﬁﬂ-@&?l%ﬂh& DYk Bty LAPSE AH-AShyldmind- DI S[

1- (4-am nophenyl ) - 1- net hyl et hyl | benzenet et'r anet hyl ened
N-iL bR Rarboryldi-Rideéylafik ORI L%Q?}q@l@ clohexylamine,
2-( 1y 2-( pr opane,

- (3-am nophenyl )™~ 2- (4- am nophenyl)pro

B et o L

neyGLak S ol AORRER My P Fhierbbiee”

Ll e GRS

Nl B RRE sieafini ng. am no conpounds

R e e i

AN

N,N’-di-t-butoxycarbonyl-1,7-diaminoheptane,

N,N’-di-t-butoxycarbonyl-1,8-diaminooctane,

' N,N?—di-t—butoxycarbonjrl-I,9-diaminononane,

N,N’ -di—t'—butoxycarbonyl-l ,10-diaminodecane,
N,N’-di-t-butoxycarbonyl-1,12-diaminododecane,

- N,N’-di-t-butoxycarbonyl-4,4’-diaminodiphenylmethane,
N-t-butoxycarbonylbenzimidazole, N-t-butoxycarbonyl-2-methylbenzimidazole,
N-t-butoxycarbonyl-2-phenylbenzimidazole, N-t-butoxycarbonyl-pyrrolidine,
N-t-butoxycarbonyl-piperidine, N-t-butoxycarbonyl-4-hydroxy-piperidine, and

N-t-butoxycarbonylmorpholine, formamide, N-methylformamide,

N,N-dimethylformamide, acetamide, N-methylacetamide, N,N-dimethylacetamide,
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N-t - but oxycar bonyl - | -adamantyl am ne,

N-t - but oxycar bonyl - N- net hyl - | - adamant yl am ne,

NN- di -t - but oxycar bonyl -1 - adamant yl am ne, .

N, N- di -t - but oxycar bonyl - N- net hyl - | - adamant yl am ne,
N-t - but oxycar bonyl - 4. 4' - di am nodi phenyl net hane,

N, N - di -t - but oxycar bonyl hexanet hyl enedi am ne,

N,NN -tetra-t-butoxycarbonyl hex t hyl enedi.am ne, .
progioRe g Pt By RATERYE NP BT SIBRLR A 1 Caf B given.
N, N -di -t -but oxycar bonyl - 1, 8-di am poacgt ane,
N N ATiexemplat B5E SRRy amimogiug) gD FemRound
N, N -di -t-butoxycarponyl- 1, 1 O-di am nodecane,
tetrgmgthy mmonigm Sy Jeoxidsotehpethylammoniim fydisgeecane, N, N -
di -t - but oxycar bonyl - 4, 4- di am nodi phenyl net hane, -
tetmpr@gyl@mmnmh rpEife. zmddgza;p@ptylammomum hydroxide can be
~ N-t-but oxycarbonyl - 2- et hyl benzi m dazol e,
givpht - but oxycar bonyl - 2- phenyl benzi m dazol e,
“N-t - but oxycar bonyl - pyrrolidine,
N- t - Busroples ef the mittogenpentadiimgeheterocyclic compounds include:
N-t - but oxycar bonyl - 4- hydr oxy- pi peri di ne, and
imilleoldsuticix yCiatitzold, danighiglimidazolé,o-benzy B methylimidazole,
N- et hyl f or mam de, N, N-di net hyl f or mam de, acetam de,
4-piétiERyeageihalaBbled ehenNntidslione bhy b ametiibérdinidisole; pyridines
propi onam de, benzam de, pyrrolidone,

suchha8 B 1%h &Y nethy Y Rdine 24nch e RBpyridife, Qaéihjhﬁyrg:iiféé? A-ethy¥pyridine,
e

exanpl es of the quaternary anmoni um hydr oxi

2P RO e YSBHEABY fRth & TR AL O} Sine, RLRE MM tinic acid,

anmmoni um hydroxi de, tetra- n-propy ni’'um hydr oxi de,

nic8Mthnligl, rqﬁid’c‘ﬂiHé{Wﬁ)@ﬂBE?&hHﬂiﬂé‘,dﬁr-?ﬁ%q%ﬁmﬁﬁ& 48 ac&%lii{@,’biperazines

E>-<an'pl es of the nitrogen-conta g heterocyclic
wJOTBARR DAy BEOL R SHE AT AR Gy,
quléc:)%iﬁé?fﬁ%é%gd}?nwlgg?bﬁggr%ﬁger, ngﬁHéﬂ%&(g—%ﬁ%r%pm%ﬁ%l, morpholine,
4-methylmorpholine, 1,4-dimethylpiperazine, and 1,4-di_azabicyclo[2;2.2]octane.

Of these nitrogen-containing heterocyclic compounds, the tertiary amine
compounds, amide group-containing compounds, and.nitrogen—containing heterocyclic
compounds are preferable. Among the amide group-contéining compounds,
N-t-butoxycarbonyl group-containing amino compounds are preferable. Among the
nitrogen-containing heterocyclic compounds, imidazoles are preferable.

The acid diffusion controller may be used either individually or in combination
of two or more. The amount of the acid diffusion controller to be added is usually 15
parts by weight or less, preferably 10 parts by weight or less, and still more preferably 5
parts by weight or less for 100 parts by weight of the acrylic polymer. If the amount of
the acid diffusion controller exceeds 15 parts by weight, sensitivity as a resist and

developability of the irradiated area tend to decrease. If the amount is less than 0.001

19




such as pyridine, 2-nethylpyridine, 4-nethylpyridine,
2-et hyl pyridine, 4-ethylpyridine, 2-phenylpyridine,
4- phenyl pyri di ne, 2-nmethyl - 4- phenyl pyri di ne,
nicotine, nicotinic acid, nicotinam de, quinoline,
4- hydr oxyqui no |ine, 8-oxyquinoline, and acridine;
piperazines such as pi perazine,

drox t hyl perazi ne; yrazine, razol e,
par et He aftaafy rbBlslor damerinehasco iy Ao eisn Bty cresie
erl di ne, 3-piperidino-1,2-propanediol, norpholine,
dﬂ%“&ﬁgﬁ?ﬂﬁﬁ@%ﬁ@ﬂpﬁémummﬁmdltnethylplpera2|ne and
1, 4-di azabi cycl o[ 2. 2.2]octane. O thes
ni tr dgenlicyshe additiyry haeing e @pid-labilegnpp am:l glicygliadditives
tertiary am ne conpounds, ami de group-containing
havengpoamdtiabila gebupi impoyye dry stehimigmengarvet patisoyprbfite, adhesion to
conmpounds are preferable. Anong the am de
the gulestiates amt the ike,g conpounds, N-t - but oxycar bonyl
group- cont ai ni ng am no conpounds are preferable. Anong
t he Apiek#npleneofarh alitiictig abditieen ayahirtareakpioativgs such as
i m dazol es are preferable.. The acid diffusion

- PNL-h@nh Rk andBat by 1418, Qd)u%ﬁybﬁibohﬁﬁie’t&iyd valhyiaindcirboxylate,
conbination of two or nore. The anount of the acid

Y gbtfyf-dls?dt&[é p@dh&ﬁa%dneéarmyme m%@tylﬁ 3U§t1é?f1ahbén&ﬁcar9@i)ﬂﬁe

by “wei ght or |ess, preférably 10 parts by wei ght or

' t-b&t?ﬁ15-adﬁﬁ%teﬁx‘éh&e'tat@%%to%@ir%ﬁ%%th?l l-ﬁéﬁrh&té}}éc%ﬂegﬁitt-&ﬁyl

l'ess for 100 parts by wei ght™ of the acrylic polyner.

1,3lafdaﬁlgﬁsﬁéagi&géﬁe{fén ﬁ@edlﬁgllﬁlgl g'Sf di hﬁgn ?EQE%HJ/IB%F hexane

excee y wei g Sen tIVI y as si st

deo%g&xo%ﬁgseéugi???t hut&yde%gi %mﬁ’atb AT Eﬁgog;flglgtﬁygg% g&lolfge

crease e anDu ISl ess han

2-elfBl by AR AL AL S ALIROBAANY 3 BESNERRY S

e processi
ditives

dec§PO P @Yé?oeefﬁnzﬁ%wéﬁ P 4o el s ng Bemapotase:

. | ab t
SIS oSl Al D3R
b AT SRS ST 1185y
11thg301§ga0{nam gg;&%g? ltg?gmo gtnga%g%%;@»lnglgg%l 11:thocholate' alkyl
1- adar nant anecar boxyl ate, di-t-butyl
cmhogl@mhgg@gmt@éﬂ&g%w @p@yl adlpate dipropyl adipate, di-n-butyl

adipate, and di-t-butyl adipate; and the like can be given.

These alicyclic additives may be used either individually or in combination of
. twoor more. The amount of the alicyclic additives to be added is usually 50 parts by
weight or less, and preferably 30 parts by weight or less for 100 parts by weight of the
acrylic polymer. If the amount of the alicyclic additives exceeds 50 parts by weight,
heat resistance as a resist tends to decrease.

The surfactants as an additive improve applicability, striation, developability,

and the like.
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t-butyl 1-adamantaneacetate, t-butoxycarbonyl nethyl
1- adamant anacet ate, di-t-butyl
1, 3- adanmant anedi acet ate, and
2, 5-di net hyl - 2, 5-di (adamant yl car bonyl oxy) hexane;
deoxychol ates such as t-butyl deoxychol at e,
t - but oxycar bonyl net hyl deoxychol ate, 2-ethoxyet hyl
deoxychol ate, 2-cycl ohexyl oxyet hyl. deoxychol at e,
3- ox O YXIBRIEX 91 the a%mofr%eétw f%f%cmo@’lsw Rlyxyethylene
deoxycho] at e, and neval onol act one deoxychol at e;
lauyyl ethist plvarsthd enarsteasylethsgt Ralyexyethylens plpykbether,
t - but oxycar bonyl met hyl |ithochol ate, 2-ethoxyet hyl
polypxyethyirse ar-ectyl pheyyd e pplyoxiyethiilene hinchvlghengtether,3
-oxocycl ohexyl [lithochol ate, tetrahydropyranyl
polyé¢thylenhglyetlalasmate, med/polpetbylant giyeoll disteayathodndtcomnadriaglly
car boxyl at es such as di net hyl adi pate, diethyl
avadldblp praiucdi spclomKP3HI (penefactliredbyp ShiytEtsiaGhqatcal, Canktd.),
di -t-butyl adipate; and the |like can be given. These
PORYFLO INo. a8V, 98 manmiicinaedusekly @didha €heiniehl Cod Wad ), \F TP
in conmbination of two or nore. The anount of the

EF301, ®¥303 ER8di(inhiMEsctinRd by TRUEEH Produtsu@drhyrafiéh)PRIBGABNC
wei ght or less, and preferably 30 parts by weight or

F171€¥373 Qhank@®RuR8d Bf DhipRindhk afd ChBRicaBCIth) FuBRl ¥ eRs0,
If the anpunt of the alicyclic additives éxceeds 50

FCEA éxﬁa(ﬁYachﬁ'Ecgﬂ)‘ sumit6@b IVEELFPT, ARGH ARrPAGTSO Shhd ISeREbh §-982,
decrease. The surfactants as an additive inprove '

-Scl—ailra)gl, SQQ%QJ $(t331 03 Sg(F—il‘@It,i =1 gﬂ%@ll ?g g?éﬂuifﬁcl’ured B?gsﬁlﬁ ?}las_s Co.,

€. 20 As exanpl es ’of the sur ant, nonionic

s such as pol yoxyet hyl ene |auryl ether,
Lu%%%%%&%s%ﬁylene stearyl ether, polyoxyethylene ol eyl

et herl‘he 8 r%/c%/a%)t(y 1%5 hXé 4 egthgrﬁ @ﬁivgﬁﬁgy ?é} ingc%qlpr%:iex%aﬁiyp é)ﬁ 1éwo or

pol yoxyé éne n-nony
mofk | s asn Bl S5 oG08 s G ted R B E G By ARl ess or
105y il & 8 a5 Bbanut act r ed by Kyoel sha

O Tha seniishroe o BN Aoty Ot ieD TRk ERORY ST BARESY
to tg%' é%ﬁi (ggq}eggto%, %?é‘gyaigzrgés‘%?%t M @%.%?1{ gtp a(l)'lnacldn é(engrgged upon exposure.

The sensitizers improve apparent sensitivity of the radiation-sensitive resin
composition.

As examples of sensitizers, carbazoles, benzophenones, rose beﬁgals,
anthracenes, and phenols can be given.

These sensitizers may be used either individually or in combinations of two or
more. The amount of sensitizers to be added is preferably 50 parts by weight 6r less
for 100 parts by weight of the acrylic polymer.

As examples of other additives, halation inhibitors, adhesion promoters,

storage stabilizers, anti-foaming agents, and the like can be given.
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FC431 (manufactured by Sumitonop 3M Ltd.), Asahi Quard
AG7 10, and Surflon S-3 82, SC-101, SC 102, SC- 103,
SC- 104, SC- 105, SC-106 (manufactured byAsahi d ass
Co., Ltd.) can be given. The surfactants nmay be used
either individually or in conmbination of two or nore.
The anobunt of surfactants to be added is usuaIIy two
parts by weight or Jess for 100 parts by_wei
the Bd¥p uPEg W&tlonwsﬁ@%m% cpEpesitien ghths g'?smgvenﬂon
_ absorb radi ation energy and transmt the energy. to
is ugysdly sadg 1yfe RecompPEFition P@u@wy Y Aispdag ke fquoamam a gplvent
an acid generated upon exposure. The sensitizers
so thatphototal aplpheantent sapssally fromy3 wf 5 Wk, and preferably from 5 to 25
radi ati on-sensitive resin conposition. As exanples of
wt%s amd ifitierieg the solutioansing s filtze maithzhpro diemetar of ebdwe AGalms, for
ant hracenes, and phenols can be given. These
exa@@hesi ti zers may be used either individually or in
conbi nations of two or nore. The anmount of
Sensikiexsnifled 6f obventidRed ff ppépaiaioalif yhedddnpakitidn Bylution,
wei ght or less for 100 parts by weight of the acrylic

in aB@ItMARS lind$ oL ¥ANTHeE keRneOiltBras 2dstntdnv s 2-Herh@ine 0T heptanone,
i nhi bitors, adhesion pronoters, storage stabilizers,

and@&étarfo%@r%ﬁﬁc RASAsSucRR oy dipehiahBndaid B8lo8ENRBne; %}opylene
When using, the radiation-sensitive resin conposition

gly&l Iﬁdﬁ%aﬂlpﬁéﬁ&t chihés %%1% a}lrbﬁyl No\l nfHRdRel gf &hé& acetate and

conposi tion SO ution ssolving the conpOsition in

profyIZfY Y5t %%‘%&%’Qﬁth&g‘%%‘?%r iy PP bl ok it BBhas 3udtRhduty

2 T bbRAR agay%ﬂgy(gm%g@bﬂgg 2 rrp,;l ht aq&\swghg) iR o

med3) SRR Picnate, PR E5RHeRLaRrichE, SRIRES bR hragonate
andgi o R RoRy e Sirufeah £ e D noedt ﬁ‘f@%@ﬁ?ﬂ%ﬁﬁyca%d

moncYethy? %)éra I?ilell: ylelﬁe g%%/ol ?llmethyl ether, diethylene glycol diethyl ether,

ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate,
propylene glycol monomethyl ether, propylene gly'col monoethyl ether, n-butyl acetate,
methyl pyruvate, ethyi pyruvate, N-methyl pyrrolidone, 7 -butyrolactone, and the like
can be given.

Although these solvents maj be used either individually or in combination of
two or more, inclusion of at least one of the solvents selected from propylene glycol
monomethyl ether acetate, propylene.glycol monomethyl ether, 2-heptanone,
cyclohexanone, 7 -butyrolactone, ethyl 2-hydroxypropionate, and ethyl
- 3-ethoxypropionate is preferable. Cyclohexanone is an effective solvent from the
viewpoint of solubility, but its use should be avoided because of toxicity.

The radiation-sensitive resin composition of the present invention is
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gl ycol nonoal kyl ether acetates such as propyl ene
gl ycol nononet hyl ether acetate and propyl ene glyco
nonoet hyl et her acetate; al kyl 2-hydroxy propionate
such as nethyl 2-hydroxypropi onate and et hyl
2- hydr oxypr opi onate; al kyl 3-al koxypropi onates such as
nmet hyl 3- net hoxypr opi onate, ethyl 3-nethoxypropionate,
met hyl 3- et hoxypropi onate and et hyl
pariculpibousaii @s e shemisall:ampliSedregisyc oThefﬁﬂﬂmﬁ’éftlﬁWS negtiraarly
et hyl ene glycol nonoethyl ether, diethylene glyco
useflil ae & ppbitive-tone resast shah pareredueg lytm)q:dgg ireagdipessef patterns after
et hyl ene gl ycol nononethyl ether acetate, ethylene
dewglopo@ht.nonoet hyl et her acetate, propylene glyco
nononet hyl ether, propyl ene glycol nonoethyl ether,
n- buliytheahahbBy-amphfidy/tesisy ran et labilegiovp inpdie teshi dissociates
N-net hyl pyrrolidone, r -butyrolactone, and the |ike

by thelchiéh §f anedtid geneheddtorh HIRSA:iS QéneeNbSugtRlirr Afatitshe thereby
either individually or in conmbination of two or nore,

prodBéihg! 8 Mol pgrbup. €3Sta 1288t QblubliRy LI eRiRate@bRESBYe resist in
from propylene. glycol nononmethyl ether acetate,

an ﬂkﬁﬂ%l &Q@ogéﬁﬁﬁ&kas@? Yhe Gtdidted ﬁarhﬁ RERBIEEin an alkaline
cycl ohexanone r -butyrol act one,

dev%fog:%‘. £RIo0 | N fin a Bgiu%-mﬂe re;i?t:pta{%?rﬁypr opi onate is

cIohexa one IS an e ive solvent from

the ggéﬁ%lttgltn 19]} rﬁ}%h )l%?)njl th%%adllﬁt!f(gn-!segnilt&é ?esﬁ'lhé?)%gn%tﬂ?%n of the

avoi de cause O ation-sen
Pf%%l?fnﬁsﬁ PRy e e C§9§°§ HER SRLDDYS R Rpb:. FBsrasps such
i t f
as ot RS i Pade? o it i ﬁl&ﬁ%@gﬁlflﬁepfaaaaée application
f tt ft |
oy AR T SR R b e
th di i at h t
B e L
thereb produci ng a carboxyl grou S res
radighpp R i[qw Rfﬁdfttﬁ@nmdrraﬁﬁtaaagsnbar&s ¢ r%dw@mé&ré\fwhehrayanieep
al kal i ne devel oper increases, whereby the irradiated

ultrguiplet rays qnehsas K exehnes hasar Ruavielragthy 84% noprF gxeimer laser

renoved to obtain a pOSItIVG tone resi st pattern.
(wavelength: 193 nm), F» excimer laser (wavelength: 157 nm), and EUV (extreme

ultraviolet rays, wavelength: 13 nm, etc.); charged particle rays such as electron beams,
X-rays such as synchrotron fadiation, or the like may be appropriately used. Of'these,
deep ultraviolet rays and electron beams are preferable.  The irradiation conditions
such as radiation dosage are appropriately determined depending on the composition of
the radiation-sensitive resin compositién, types of additives, and the like.

It is preferable in the present invention to perform post exposure bake (PEB)
in order to stably form a highly-accurate minute pattern.l The PEB ensures smooth
dissociation of the acid-labile oerganic group in the acrylic polymer. The heating

temperature for the PEB is usually 30-200°C, and preferably 50-170°C, although the
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A resist patternis formed fromthe
radi ati on-sensitive resin conpositioh of the present
i nvention by applying the conposition solution to, for
exanpl e, substrates such as a silicon wafer and a
waf er coated wi th al um num usi ng an appropriate
application nethod such as spin coating, cast
oat i and roll coati to farmacgresist.film..The .
heafigi panditions? sandepruding o 1B cormegSioh OF dedaedia shhityy fein
called "PB") and irradiated with radiation to forma
compos@fer ni ned resist pattern. As the radiation
ultravi gl et rays, deep ultraviple} rays such as KrF.
exci Hegrderedying gut Bpapyhpotonitalitypt tharadigtionrsepsitiyegin
(wavel ength: 193 nm, F2 exciner |aser (wavel ength:
compEpitimpf %mmeﬁwny@npnem@rgam@ O losgasic gigieflection film may be
' wavel ength: 13 nm etc.), charged particle rays such
formed e @ substratelyg alirsloseddnriaganesuBitertPublipasiondia. 6nl 2452, for
radi ation, or the |like may be appropriately used. O
exatripbes e Momeey, alpioteatioofibn magybs farmededett resst Gbanps declesed in
preferable. The irradiation conditions such as
Japamdé BatenrApjiagen ldié-opppNopsi188898y fatatkempienmbrder to prevent
dependi ng on the conposition of the
the effeitabf BRicSiapatitievmdiRsiike MoidSirbh@ental atwesphefe. These
additives, and the like. It is preferable in the

tecli @RS Mayl Beeiplb 4 it ComBimh@sIN post exposure bake (PEB)
in order to stably forma highly-accurate m nute

pat t hdirralilBed ¥l seMitis $RendROloDed Hins ACAIREIRMOE0p&B 0 form
acid-labile organic group in the acrylic polyner. The

ap&gg&&ﬂgaiﬁggpﬁ&@hyre for the PEB is usually 30-200C
and preferably 50-170C, although the 23 heating

condib i 80Fin¥ 3 %eo??&ﬁﬁ’tgdﬂg wlcll &ﬁa&%fﬂ}ﬁﬁﬁrﬁ&%rﬁ{ﬁn% gltr&?ig is

radi ation- sensitive resin conposi tron. n or

disér%yc?:ag{o? lé;(a n’is @f@f&%lg gg ltl‘%I dcegﬁ%)gérll{slgg for odfev?lﬂpment_

I OoNn-S Ive resin n e present
YR sy SRSl AR08 PP e
I U108 o s R P PR F P B AR T disted
areh5BY Aloa b O RPU B ANPPE. 10508, for exanpl e, in
HEMECTEIE TR R T
aqueous solution.  The resist film is generally washed with water and dried after

development using the alkaline aqueous solution.

EXAMPLES

Example 1
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techni ques may be enpl oyed i n conbi nation. The
irradiated resist filmis then devel oped using an
al kal i ne devel oper to forin a predeterm ned resi st
pattern. An al kal i ne aqueous solution in which
tetrarnet hyl ammoni um hydroxide is dissolved, for
exanple, is preferable as the devel oper used for
devel opnent. The concentration of the al kaline aqueous
soluti disi s usually 108BWO' o or less. |fcahe
concenfration of the /al kal i ne aqueous sal uti on exceeds
16MtT%0, a non-fHrafi ated area nd?ﬁéFgg be di ssol ved
in the _M%]oper. An propri ate anount é_gyrfactant
or the }yike may be adged to the al kal i ne, agueous
solution, The resist dilmis generally wmshed with
.Jé,dried after\ devel opnent usi ng\t al kal i ne
gs/ KS Exanple 1 24 CHz=C CH3
). 0 0 (5-%HC =C (5-3)

(50 nol®y of
(5-1) (5-2) (5-3)

A monomér solution was prepared by dissolving 53.93 g (50 mol%) of
compound (5-1), 10.69 g (10 mol%) of compound (5-2), and 35.318 g (40 mol%) of
compound (5-3) in 200 g of 2-butanone, and further adding 5.58 g of dimethyl
2,2’-azobis(2-methylpropionate). A 1,000 ml three-necked flask was charged with 100
gof 2-butan6ne ‘and nitrogen gas was purged into the flask for 30 minutes. After
nitrogen purge, the flask was heated to 80°C while stirring and the above monomer
solution was added dropwise using a dropping funnel over three hours. The
polymerization reaction was carried out for six hours after initiation of dropping.

After completion of polymerization, the polymer solution was cooled with water to
30°C or lower and poured into 2,600 g of mefhanol. | White precipitate produced was
collected by filtration. The white powder collected by filtration was washed twice
with 400 g of methanol in a slurry state, filtered again, and dried at 50°C for 17 hours to
obtainl a polymer in the form of white resin powder (72 g, yield: 72%). The poljrmer
was a copolymer with an Mw of 7,400 and the mol% ratio of the recurring units of the
compound (5-1), compound (5-2), and compound (5-3) determined by *C NMR was

52.2 : 8.6 : 39.2 (mol%). This polymer is referred to as “acrylic polymer (A-1)”.
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compound (5-1), 10.69 g (10 nol % of conpound (5-2),

and 3538 g (40 nol 9% of conmpound (5-3) in 200 g of

2- but anone, and further adding 5.58 g of dinethyl

2,2' -azobi s(2-net hyl propi onate). A 1,000 m

t hree- necked fl ask was charged with 100 g of

2- but anone and nitrogen gas was purged into the fl ask

for 30 minutes. After nitrogen purge, the flask was
Examplé €d to 80C while stirring and the above mononer

sol ution was added dropw se using a dropping funne

over three hours. The polynerization reaction was

carried out for six hours after initiation of

droppiqﬁ13 After coan%hLon of ponnerizaEhpn, t he

pol ymey sol ution was cool ed with water t 30C or

| @me=@nd pour edchpEg 2, 000 g of metiancl . Wite

preci pi\t ate produced Was collected by f\ltration. The

white p €r collectedChyOfiltrati on was @ethed tw ce

with 480 g of nethangf in aslurry statq{ filtered

agai n N\d dried at 50C for 17 hours to yobtain a -

P—nRi te resin powdes

the caqupound (5-1), (5-2), and conpound
(5-3) determ ned by was 52.2 :8.6: 39.2
(mol ¥V This polymer @ referred to as “@&drylic

pol ynmer (A-1)". 25 Exanple 2 CH3 CH3 I | C Z=C CH2=C
COCO OO0 (6-2) (6-3) A nononer solution was
prepared by dissolving 52.50 g (50 nol %9 of conpound

o g R B ST B
corinttnd (8-11195 A9 18% 1243 8 Fordboua B Yand 37.00 g (40 mol%%) of
compound (6-3) in 200 g of 2-butanone, and further adding 5.44 g of dimethyl
2,2’-azobis(2-methylpropionate). A 1,000 mi three-necked flask was charged with 100
g of 2-butanone and nitrogen gas was purged into the flask for 30 minutes. After
nitrogen purge, the flask was heated to 80°C while stirfing and the above monomer
solution was added dropwise using a dropping funnel over three hours. The
- polymerization reaction was carried out for six hours after initiation of dropping.

After completion of polymerization, the ﬁolyfner solution was cooled with water to
30°C or lower and poured into 2,000 g of methanol. White precipitate produced was
collected by filtration. The white powder collected by filtration was washed twice
with 400 g of methanol in a slurry state, filtered again, and dried for 17 hours at 50°C to
obtain a polymer in the form of white resin powder (74 g, yield: 74%). The polymer
was a copolymer with an Mw of 6,900 and the mol% ratio of the recurring units of the

compound (6-1), compound (6-2), and compound (6-3) determined by >C NMR was
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2,2' -azobi s(2-nmet hyl propionate). A 1,000 n

t hree- necked flask was charged with 100 g of

2- but anone and nitrogen gas was purged into the flask
for 30 minutes. After nitrogen purge, the flask was
heated to 80C while stirring and the above nononer

sol ution was added dropw se using a dropping funne

53 @37h a8 b Ui suPCdPRnr oy Rebf pobfrer A3y

droppi ng. After conpletion of polynerization, the

pol ynmer solution was cooled with water to 30C or

| ower and poured into 2,000 g of methanol. Wiite
Exagmde3 pi tate produced was collected by filtration. The

whi te powder collected by filtration was washed tw ce

Wi th 4Q9,g of nethanol dyy a slurry stateggfiltered

again, fand dried for 17 hours at 50C to/ obtain a

pailyTa! in the folmefC white resin mwier (74 g,

yield: \74% . The polymd was a copol ynex with an Mv

of 6,906=aRd the nol % r &6 of the recurr§F§ units of

the ¢ ound (6-1), npound (6-2), ang§ conpound

(6-3) ermned by 13¢ NVRamgs 26 53.0:19.8 : 37.2

(ol ¢ (S pol yner i sferred to as "4
pol yrer NAC2) ", Etdfmie 3 SH3 CH3 / H@HD 0= C C=0
0 H3 C CH3 CH3H:CHD C=0

0

(7-1) 7-2) | (7-3)

A monomer solution was prepared by dissolving 53.88 g {50 mol%) of
compound (7-1), i0.78 g (10 mol%) of compound (7-2), and 35.34 g (40 mol%) of
compound (7-3) in 200 g of 2~but;mone, and further adding 5.58 g of dimethyl
2,2’-azobis(2-methylpropionate). A 1,000 .ml three-necked flask was charged with 100
g of 2-butanone and nitrogen gas was purged into thé flask for 30 minutes. After
nitrogen purge, the flask was heated to 80°C while stirring and the above monomer
solution was added dropwise using a dropping funnel over three hours. The
polymerization reaction was carried out for six hours after initiation of dropping.

After completion of polymerization, the polymer solution was cooled with water to
30°C or lower and poured into 2,000 g of methanol. White precipitate produced was
collected by filtration. The white powder collected by filtration was washed twice
with 400 g of methanol in a slurry state, filtered again, and dried at 50°C for 17 hours to
obtain a polymer in the form of white resin powder (72 g, yield: 72%). The polymer

was a copolymer with an Mw of 7,100 and the mol% ratio of the recurring units of the
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f 0 (7-2) (7-3) A nononer solution was prepared by
di ssolving 53.88 g (50 nol % of conpound (7-1), 10.78
g (10 mol %9 of conpound (7-2), and 35.34 g (40 nol %
of conmpound (7-3) in 200 g of 2-butanone, and further
addi ng 5.58 g of dinethyl
2,2'-azobi s(2-net hyl propi onate). A 1,000 m
t hree- necked flask was charged with 100
compoygpd GhbhEompend ¢/rogan C@aya%@, (Hdit féf‘é%rmlmdobbt he NYR gas
for 30 mnutes. After nitro purge, the flask was
52.4ed e d924mBBE). whT hie palymer isig earﬁél tq e AaDH¢ @OHBIES KAr3) .
sol ution was added dropw se using a dropping funne
over three hours. The polynerization reaction was
carried out for six hours after initiation of
Exatipdppi ng. After conpl etion of polynerization, the
pol ymer solution was cooled with water to 30C or
| ower and poured into 2,000 g of methanol. Wite
preci pitate produced was collected by filtration. The
white powder collected by filtration mas mashed tw ce
with 4 g of met hanol §'H a slurry stat? Hiiltered
agy,B.c and dried @y, 5QC for 17 hoursy obtain a
polyne in the formof\white resin pomde( (72 g,
yi el d: . The pol yneic==0as a copol ynercatd h an Mwv
of 7,1 and the nnl@ﬁgétlo of the recurding units of
the 27ycqnmpound (7-1), conpqﬂpd (7-2), £hd compound
(7-3) rm ned by 13 Wds 52.6: 82
Thi s |p0 r is refer i as "acryHie€
(A- 3P anple 4 C C=0 d 3

&1 (8-2) )

A monomer solution was prepared by dissolving 49.84 g (45 mol%) of
compound (8-1), 16.62 g (15 mol%) of compound (8-2), and 33.45 g (40 mol%) of
compound (8-3) in 200 g of 2-butanone, and further adding 5.73 g of dimethyl
2,2’-azobis(2-methylpropionate). A 1,000 ml three-necked flask was charged with 100
g of 2-butanone and nitrogen gas was purged into the flask for 30 minutes. After
nitrogen purge, the flask was heated to 80°C while stirring and the above monomer
solution was added dropwise using a dropping funnel over three hours. The
polymerization reaction was carried out for six hours after initiation of dropping.
After completion of polymerization, the polymer solution was cooled with water to
30°C or lower and poured into 2,000 g of methanol. White precipitate produced was
collected by filtration. The white powder collected by filtration was washed twice

with 400 g of methanol in a slurry state, filtered again, and dried at 50°C for 17 hours to
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CO0Or 0O (82 (8-3) A nononer solution was prepared
by dissolving 49.84 g (45 nol% of conpound (8-1),
16.62 g (15 nmol %9 of conpound (8-2), and 33.45 g (40
nmol %9 of conpound (8-3) in 200 g of 2-butanone, and
further adding 5.73 g of dinethyl

2, 2'-azobis(2-nethy|propionate) A 1, OOO m .

t.hr ee- necke

f d
obtajn p ROIYISE &1 015‘?? ?F B DR e L e B, b ptgpper

for 3.0 n1n t nit urge,,the flask.wa
wasy ekpalyaeh vBRKEA P! o A0 A el Pt i Bngig ks Sf he
sol uti on was added dropwi se using_a. dropping nnel
comppird (411 b eompettngl. (3Eheandrompoupd Eg% ) deterpaagd by, 'fsg\kﬂ‘él‘was
carried out for six hours after initiation of .,
46.41r bhi AGS (mplek cdnpraymenis sefeed {masy nerxtic palymeneA-4)”.
pol ymer solution was cooled with water to 30C or
| ower and poured into 2,000 g of methanol. Wite
preci pitate produced was collected by filtration. The
Exanyilé¢ 8 powder collected by filtration was washed tw ce
with 400 g of methanol in a slurry state, filtered
again, d dried at 50 17 hours to obtain a
polynefﬁfn t he forn1ofqa%|te resin powd 8§168 g,
ylc(ﬁ d=c680/<) The R4, was a cop@llzyengr with an Mwv
6,2 80 and the m)l%?\atlo of the recurXing units of
the comngHd (8-1), compsénd (8-2), and Ce+fpound
(8-3) g’eterm ned by 13@ NVR was 46.4: 1£.8: 40.8

(nmot% \ Ahis polynmer i§ referred to as "acrylic
-4)". Exa CH3 CH3 Cl12= 142= ¢
. . _ . HsC; '

poly
{9-1) 9-2) (9-3)

Cc=0

A monomer solution was prepared by dissolving 53.94 g (50 mol%) of
compound (9-1), 1ﬁ0.69 g (10 mol%%) of compound (9-2), and 35.37 g (40_mol%) of
compound {9-3) in 200 g of 2-butanone, and further adding 4.74 g of dimethyl
2,2’-azobis(2-methy1pro§ionate). A 1,000 ml three-necked flask was charged with 100
g of 2-butanone and nitrogen gas was purged into the flask for 30 minutes. After
nitrogen purge, the flask was hea_ted to 80°C.while stirring and the above monomer
solution was added dropwise using a dropping funnel over three hours. The
polymerization reaction was carried out for six hours after initiation of dropping..
After completion of polymerization, the polymer solution was cooled with water to
30°C or lower and poured into 2,000 g of methanol. White precipitate produced was
collected by filtration. The white powder collected by filtration was washed twice

with 400 g of methanol in a slurry state, filtered again, and dried at 50°C for 17 hours to
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000 (9-1) (9-2) (9-3) A nmononer solution was
prepared by dissolving 53.94 g (50 nol% of conpound
(9-1), 10.69 g (10 nmot% of compound (9-2), and 35. 37
g (40 mol % of conpound (9-3) in 200 g of 2-butanone,
and further adding 4.74 g of dinethyl
2,2'-azobi s(2-nmethyl propioriate). A 1,000 m
t.hr ee- necked fJl ask_was charged w.th 100, f
obtain g polyshan HisdomR P WREHrRPRLLT b r%é(bc?ﬁl-r?géfgt hdPp palyper
for 30 mnutes.. After nitrogen_ purge, ghe fl ask was
waseeapelymes vaiaam of 5300 and e R HD SfisBY EECHBRHBIS of the
solution was added dropw se using a droppi ng funnel
comppand {hi s sompenns (ST eandmsinpespd é%ﬁ) enteraagd hyonC YR was
carried out for six hours after initiation of
53.0lr 85pi3RG. (mad%pr TElimpodlgmienis roferned ity s tacvdic ipolymer A-5)”.
pol ymer solution was cooled with water to 30C or
| ower and poured into 2,000 g of methanol. Wiite
preci pitate produced was collected by filtration. The
Exaniplé 6 powder collected by filtration was washed tw ce
with 400 g of "Methanol -in a slurry state, filtered
agai n,_and dried ag _50C for 17 ho%ﬁf to 29 obtain a
pol yngt?in the formof white resip powder (73 g ’
vhgkd 739 . dfle=pol ymer wagga=qopol yner whihcan My
of 7,%00 and the npl%ratio of thy recurring uni\ts of
the cospound (9-1)¢=awnpound (9-2r=6and conpound=0
(9- 3) /det er i ned '3C NV\R was 53.0: 8.5 : 380/5
(nmol %9 A This polyner is referred

o as "acrylic
pol y: A-5)". EX =
. HiG

c=0
{10-1) (10-2) 09 (10-4)

o
0

A ménomer solution was prepared By dissolving 50.72 g (50 mol%) of
compound (10-1), 10.06 g (10 mol%s) of compound (10-2), 26.74 g (25 mol%) of
compound (10-3), and 12.48 g (15 mol%) of compound (10-4) in 200 g of 2-butanone,
and further adding 6.30 g of dimethyl 2,2’-azobis(2—me;thylpropionate). A 1,000 ml
three-necked flask was charged with 100 g of 2-butanone and nitrogen gas was purged
into the flask for 30 minutes. After nitrogen purge, the flask was heated to 80°C while
stirring and the above monomer solution was added dropwise using a dropping funnel
over three hours. The polymerization reaction was carried out for six hours after
initiation of dropping. After cqmpletion of poly.merization, the polymer solution was
cooled with water té 30°C or lower and poured into 2,00Q g of methanol. White

precipitate produced was collected by filtration. The white powder collected by
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(10-1) (10-2) CH3 CH3 | | CH2=C CH2=C C=0 0 H3C (10-3)
(10-4) A nononer solution was prepared by dissolving
50.72 g (50 nol %9 of conmpound (10-1), 10.06 g (10
nmol %9 of conpound (10-2), 26.74 g (25 nol %9 of
compound (10-3), and 12.48 g (15 nol % of conpound
(10- 4) in 200 g of 2-butanone, and further adding 6. 30

i met ob| S pr opi onat e
gt s G A #ha g“@ﬂ%ﬁ‘@’é& Y 6 éte&d again, and
2- but gnone and nltrogen gas was pur ged into the flask
dripd,pt i‘bc APLT Rewirs tarabisin A pplyatss in Perigen of waits regiponaisr (76 g,
heated to 80C while stirring and the above nonomer
yielts | 76¥9) on Thepolsaige wrasi: oppalweerusitingn Mvd pbhpothand thameil%s ratio
over three hours. The pol ynerization reaction was
of dwreduadngounitsfabthestompeond 610at ), epmpounidt (il &2),aempbund (10-3), and
droppi ng. After corrpl etion of polynerization, the
coppbounde(i 0-4p Heteintinedias *CAdhiRedrans3 D : @edt:2.3 .01 30Gnel?%). This
| ower and poured into 2,000 g of nmethanol. Wite
polyrecispefeated tpivthocdid p\@@&ne@QAL@CI ed by filtration. The
white powder collected by 30 filtrati on was washed
twice with 400 g of nethanol in a slurry state,
filtered again, and dried at 50C for 17 hours to
Ex@Bpri7n a polymer in the formof white resin powder (76
g, yield: 769 . The polyner was a copolynmer with an
Mv of 5,800 and the nol % ratio of the recurring units
of the conmpound (10-1), conpound (10-2), conpound
(10- 3),Cl%nd corrpound (%%4) det er m ned b}é 13C NMR was
53. 2: : 14.5 %9 . This /
CHz—C\ CHz—C CH,=C
/ /

/ _
0 0O 0
$ | | @ | HSCZ@
0
(1-1) (11-2) (11-3)

A ﬁmnomer solution was prepared by dissolving 52.51 g (50 mol%) of
compound (11-1), 10.41 g (10 mol%}) of compound (11-2), and 37.09 g (40 mol%) of
compound (11-3) in 200 g of 2-butanone, and further adding 5.58 g of dimethyl |
2,2’-azobis(2-methylpropionate). A 1,000 ml three-necked flask was charged with 100
g of 2-butanone and nitrogen gas was purged into the flask for 30 minutes. After
nitrogen purge, the flask was heated to 80°C while stirring and the above monomer
solution was added dropwise using a dropping funnel over three hours. The.

polymerization reaction was carried out for six hours after initiation of dropping,
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polymer is referred to as "acrylic polymer (A-6)".
Exanple 7 ¢c13 CH2=C CH3 C113 CH2 =Cc=0 c=0 -/ / O
0 (11-2) H5C2 (11-3) A nononer solution was prepared
by dissolving 52.51 g (50 nmol % of conpound (11-1),
10.41 g (10 nmol 9% of. conpound (11-2), and 37.09 g (40
mol %9 of conpound (11 3) in 200 g of 2-butanone, and
further addi nfg 5.58 of di met hy 1
After cpmplggigniof po Yﬁ@(‘ﬁ?ﬁl‘% Esi R solugion “@960?.1?(1 with water to
t hree-necked fl ask was charged with 100
30°C-asinveerené pawrgd iite 29618 @a@,etml qu@&@ prqetpétaterféoqlqcaé pas
for 30 minutes. After nitro the flask was
collectad byl filtreti®@0.C Whe Whits powdérmy lacrt %itaa@ov avarmashadrtwice
sol ution was added dropw se usi ng a droppi ng funnel
with¥ed gbfimethahallin a.shiffyestatpdiliared agaat, iaod driechatt 3006 fevald hours to
carried out for six hours after initiation of
obtsih apelyiger i1CHRF6in3 b Ahite resitopgavdet (&g, ofielhad0ptjer iThapblymer
t he pol yner solution was cooled wwth water to 30C or
wad Yol vRSUEdw St )SE) £{AGhe nelvneideihe reclfiingaunits of the
preci pitate produced was collected by filtration. The

coniftiuh (PO 8smFQRIkdQEt-2yl 2Ry chinpbiit (1013) Ve ri@sd B “OMWIER was

53.2:8.6:38.2 (mol%). This resin is referred to as “acrylic polymer (A-7)”.

Example 8
CH: CH; CH;
{ /
CH;=C | CH;=C CH,—C
\ N\ N\
C== C=0 C=
/ / /
0 0 0
CH;
e . HG
o [ § £
4]

(12-1) (12-2) (12-3)

A monomer solution was prepared by dissolving 53.94 g (50 mol%) of
compound (12-1), 10.69 g (10 mol%) of conipound (12-2), and 35.37 g (40 mol%) of
compound (12-3) in 200 g of 2-butanone, and further adding 5.62 g of dimethyl
2,2’-azobis(2-methylpropionate). A 1,000 ml three-necked flask was charged with 100
g of 2-butanone and nitrogen gas was purged into the flask for 30 minutes.  After

nitrogen purge, the flask was heated to 80°C ‘while stirring and the above monomer
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with 400 g of nethanol in a slurry state, filtered
again, and dried at 50C for 17 hours to obtain a
polymer in the formof white resin powder (80 g,
yield: 80%. The polynmer was a copolynmer with an Mwv
of 8,500 and the nol % ratio of the recurring units of
the conmpound (11-1), conpound (11 2) and conpound
(11-3) determ ned by 13C NVNR was : 38.2
solvem v/es adﬁﬁql §r0p@§§eﬁlsu§ g dppping duing! a‘é,er ﬂg@? wuré pbisy er
(A-7)". Exanple 8 CH3 CH3 CH2=C CH2=C C=O C=Or 0 O
polymerizgtionTgacgpn wapspoae pusior gii honrsafist prigpionead dpspping.
di ssolving 53.94 g (50 nol %9 of conpound (12-1),
Afie0c@oplgtigmof mr%rizcafion; dhppelpohef doutRyn wasnepoBE vBth wated®
mol %9 of conpound (12-3) in 200 g of 2-butanone, and
30% ot lbwer addionged5nt®2, @P00d oftinattigll  White precipitate produced was
2,2' -azobi s(2-net hyl propi onate). A 1,000 n
colldated by fiahtnh. f IThskvhirrpodkiar gslfbciat bl filO&ticm wds washed twice
2- but anone and nitrogen gas was purged into the flask

with100 3 Mhdihiin®bin AAlkrey stBiel fiRGRM aPalnOfd drie@ af SEEKOWEPB hours to
heated to 80C while stirring and the above nononer 32

ob@R #pd1PReIa ShARAB Gf WhaR Wt pS I AL 7R g iRPT1YG). f UriRlolymer

over three hours. The polynerlzatlon reactlon was
wa§ Qrcﬁfg)(ﬂ%n%ltﬁ 25 MRk %t §1906 §n@fﬂe%ol"/ﬂaﬁb af Hfé'?e&lfrrm% units of the

drop After conpletlon of pol yneri zation,

ORI P a2 z“@e‘%‘%]ﬂ"“?dﬁ@i% kil o C NMR
w5681 B4 mﬁ&ﬁ& e R R SN RIS IS N

te po Ion wa
" Example 9

CH3 CH3 CH;

/ /

CH;=C CH;=C CH,=—C
\ \
C= C=0 C=0

/ / /

0 0 0

cmxk,cm
0

0

(13- (13-2) (13-3)

A monomer solution was prepared by dissolving 50.04 g (50 mol%) of
compound (13-1), 9.92 g (10 mol%) of compound (13-2), and 40.04 g (40 mol%) of
compound (1'3-3) in 200 g of 2-butanone, and further adding 5.18 g of dimethyl

2,2’-azobis(2-methylpropionate). A 1,000 ml three-necked flask was charged with 100
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with 400 g of nethanol in a slurry state, filtered
again, and dried at 50C for 17 hours to obtain a
polymer in the formof white resin powder (77 g,
yield: 77%. The polymer was a copolyner with an Mw
of 8,400 and the nol % ratio of the recurring units of
the conpound (12-1), conpound (12 2) and conpound
2-3) determned by 13C was
g o% %&ur@nonerrﬂdsmrr@&fr%arsw @P@eﬂ é'erOt%e %%sk-f%}?l/mrr&lteﬁor M@r
(A-8)". nple 9 CH3 CH3 r CH2=C CH2=C C=0 C=0 [ [/
nit{ygen pyrge, zt)le Wmas@qu¢tQ;8@3Cmmle girgpg agd the 3poye mepRmeT
sol uti on was prepared by dissolving 50.04 g (50 nol %
solafion wayysldad dropsdselisingd @Rpping fdnnebover thyke bourpouhlk
(13-2), and 40.04 g (40 nmol% of conpound (13-3) in
polg6@rigatmh r2achoh e nariediodt fou sixiimursafer ngtidioh®f grapping.
di met hyl 2, 2'-azobi s(2-nethyl propionate). A 1,000 n
Afleht@fplagakeftholymaizatias tdpolgadr valitonhOdk 33led with water to
2-butanone and nitrogen gas was purged into the flask
30%06r 13@eﬂiﬂdgioﬂﬁe.d iAol 22000 gbf hedeRolPUMdete pré@pitdi@ploduesd was
heated to 80C while stirring and the above nonomer

collected by filtration. The white powder collected by filtration was washed twice
with 400 g of methanol in a slurry state, filtered again, and dried at 50°C for 17 hours to
obtain a polymer in the form of white resin powder (75 g, yield: 75%). The polymer
was a copolymer with an Mw of 7,700 rlnd the mol% ratio of the recurring ﬁnits of the
compound (13-1), compound (13-2), and compound (13-3) determirle_d by .13C NMR

was 51.8: 9.3 : 38.9 (mol%). This resin is referred to as “acrylic polymer (A-9)”.

Comparative Example 1

CH; CH; CH;
/ / /
CH,=C CH,=C CH,=C
N\ \ \
C=0 C=0 Cc=0
/ / /
o 0 0
H;C
0
0 .
| OH

(14-1) (14-2) : (14-3)

A monomer solution was prepared by dissolving 48.59 g (50 mol®%) of

compound (14-1), 20.67 g (20 mol%) of compound (14-2), and 30.74 g (30 mol%) of
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sol uti on was added dropw se using a dropping funne
over three hours. The polynerization reaction was
carried out for six hours after initiation of
dropping. After conpletion of polynerization, the
pol ynmer solution was cooled with water to 30C or

| ower and poured into 2,000 g of nethanol. Wite

CO&HS‘E:“@%&%%&%@%%C&EEBBW & %Jré%f%w%a@#ggﬁéwee lee®

of net hapol |nasl ry stat filtered
2 %aa?ms(zﬁrghsdprowna&e )0t 1180 miAhrestheck 35’68‘%#31*?1&6‘1 with 100

polymer in the formof white resin powder (75
g Of ﬁéuwnou%s%d MItFREENERS s Purged dnta theofieskyfned0 m“tuﬁesan Aligr
of 7,700 and the nol %ratio of the recurring units of
nitydgen P@Rgﬁ;ﬁb@ﬂdﬂq\&@lﬁ)ﬂed ¢to 8P ELWHilg stBring andithe abovgmonemer
(13-3) determned by 13C NMR was 51.8:9.3 : 38.9
solgnm 94ps adkd drapesserusing a driopping dunnel aeer tiree iburs. pbBheymer
(A-9)". Conparative Exanple 1 0 (14-1) 0 OH (14-2)
- polyiferigdtibnIpacionoias pairied olitfor oix hwass aftee ptiatbnlyf dropping.
di ssolving 48.59 g (50 mol %9 of conpound (14-1), 20.67

Af@r ¢@Rpletid POt polydaimativmdhé %ﬂyﬁl)er schittbrdas/ébolkd(wWith WalePfo
of 34 conpound (14-3) in 200 g of 2-butanone, and

30961 188&r AAGoNELWANGD, PE ofimEBhRNI Wh}te recrnﬁntate produced was
2,2' -azobi s(2-net hyl propi onate). A 1,

colldf Ry mekash. f e lﬁvﬁi‘@?o@sf@i@f S8R Y fﬁ@&longw&fwashed twice
2-but anone and nitrogen gas was pufged into the flask

wi Qfooégg)f'ﬂxéﬂ%%ﬁ%ﬁlﬁﬁi staf¥ hft&%&% H,reﬁh@ éibﬁeﬁ ol 1ARKrVRS0°C to

eat to 80C e stirfing an ove nononer

obaf] eP[Sél erfd h g{ﬁ%{‘%h%%ﬁl?p&%ﬂ&Q?@ g%z&ﬂp%ﬁg) f uﬂ‘l’éeﬂolymer

over' three hour
was a copolymer with an Mw of 9,800 and the mol% ratio of the recurring units of the

compound {14-1), compound (14-2), and compound (14-3) determined by *C NMR

was 55.2:18.6:27.2 (mol%). This resin is referred to as “acrylic polymer (A-10)".

Examples 10 to 178 and Comparative Example 2

Radiation-sensitive resin composition solutions were prepared by mixing
polymers obtained in Examples 1 to 9 and Comparative Example 1, acid generators
described below, and other components in proportions shown in Table 1. The resulting
radiation-sensitive resin éomposition solution was exposed to radiation under the
conditions shown in Table 2 to e§aluate various items. The evaluation results are
shown in Table 3. In the exarﬁples, “part” refers to “part by weight” unless otherwise
indicated.
Acid generator (B)

(B-1): Triphenylsulfonium nonafluoro-n-butanesulfonate
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pol yneri zation reaction was carried out for six hours

after initiation of dropping. After conpletion of

pol ymeri zation, the polyner solution was cooled with

water to 30C or |ower and poured into 2,000 g of

met hanol . White precipitate produced was collected by

fiItration The white powder collected by filtration

washed twice with 400 g of nethanol in a slurry

AC@tfhfféSIOIFFqﬂtt’éﬂéﬂ((agal n, and dried for 17 hours at 50C

to obtain a polyner in the formof white resin powder

( 7€C-4): Tyiedpuplamu®) . The pol yner was a copol ymer with

an Mv of 9,800 and the nol % ratio of the recurring
Solwentt(®)of the conpound (14-1), conpound (14-2), and

conmpound (14-3) determ ned by 13C NMR was 55.2: 18.6:

27(2 1} PebPene Biycol meadmnethyl ¢éthéredceratt to as "acrylic

polymer (A-10)". Exanples 10 to 18 and Conparative

Ex\a)rg);@}aldﬁagﬁnahé on-sensitive resin conposition

sol utions were prepared by m xing polynmers obtained

in Exanples 1 to 9 and Conparative Exanple 1, acid

generators described bel ow, and other conponents in
EvRLSRY hé@h$ shown in Table 1. The resulting

radi ation-sensitive resin conposition solution was

to radiation under the conditions shown in

(1)%E9ﬁ%gyto eval uate various itens. The eval uation

res u'Wﬁetnq{-rﬁdlaﬁ&ol‘é\Mh'l htTﬁ %H%Fllgh{ %)h &XMOgl%Dsmgﬁr t

refers pa r'™m se

i ndi cat ed. ner at 1) « »
oS o SRS ot e ¢ 2 e

i on ontr Trie ol a

maieufi tzﬁfem FoRcaR s b sbiy e ﬂﬁm&%ﬁaﬁvﬁ Cuiihef Bt

un(ﬁ:r %he condltigans szl) nq/l cljaf))lg Xt%rl) [c]aem E ¥éasllslfl %(tulttfr)lg wnPh a t?uckness of 250

nm. The coating was exposed to ArF excimer laser through a mask pattern using an
ATF excimer laser exposure apparatus (manufactured by Nikon Corp., lens numerical
aperture: 0.75, G 0.75; 2/3 orbicular zone lightning).  After performing PEB under- the
conditions shown in Table 2, the resist film was déveloped at 25°C for 60 seconds in a
2.38 wt% tetramethylammonium hydroxide aqueous solution, washed with water, and
dried to form a positive-tone resist pattern.  An optimuhl dose at which a
line-and-space (1L1S) pattern with a line width of 120 nm was formed was taken as
sensitivity. |
(2) Resolution

The minimum line and space dimension resolved by an optimum dose of
irradiation was taken as the resolution.
(3) Radiaﬁon transmittance

The composition solution was applied to a quartz glass plate by spin coating
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(1) Sensitivity Wien irradiating with Iight from an
ArF light source, the conposition solutions were
applied to a silicon wafer with a 77 nmthi ckness
("ARC29," manufactured by Brewer Science Corp.) by
sSpin coating and post-baked on a hot plate wunder the
condi tions shown in Table 3 to obtain a resist coating
wi th a thickness of 250 num The coating was exposed
ang ghegomtiegwhhpse-bakerdeen 2 hotoplafe ahtempsiatyaandtime gondionsshown
ArF excinmer | aser exposure apparatus (manufactured by
in lhide B tCobipin a reastfilmumith a clatkneapef 300rmn. (Rathatidh tDanéMmjttance
2/ 3 orbicular zone lightning). After perform ng PEB
of tredesisttflim wasanbtulat@infom hbysibante habhavalengdihef 1%5Shiftand was
filmwas devel oped at 25C for 60 seconds ina 2.3 8
adupied bed staniatdior aenIpaready by te@eesigvaay egiscn. sol ution,
washed with water, and dried to forma positive-tone
(4) Eink sdgaddtifigt (LAR)OPt i mum dose at which a
| i ne-and-space (iLll S) pattern with a line wdth of _
120 niniMBshsbRafB MR {1/ fss%atéﬁ{‘éév%{?)ééa With @@ optimum dose
Resol ution The mnimum i ne and space nensi on
od b ; : o oo g
of SRR the P SR FeciB f Bhitmrd PR oLl g AR

. P , ‘ (7l

s PR o e B PR op R BB R Bl g o

et P el STRGE GRS, 5T e B s

o B SORS RE e S e BB bR s
wavel ength of 193 nm and was adopted as a standard

10z} transparency in the deep UV ray region. (4) Line

roughness (LER) In the observation of a 120 nm
() ?“M?ﬁt‘éqeﬁieﬁ“é\l‘-}l%?(aped with an optinum dose of

exposure, the line width was inspected at arbitrary
pOi ntig thq%rgmboﬂ%]@w A Bf4$ pattern developed with an optitum dose

of expdsure, the line width was inspected from above the pattern using SEM $9220
manufactured by Hitachi, _Ltd. The differences between the line width when PEB was
performed under the conditions shown in Table 2 and the line width at an optimum dose
when the temperature of PEB was varied+2°C was divided by the temperature
difference, and the resulting change in the line width was regarded as the PEB

temperature dependency (nm/°C).
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usi ng SEM (scanni ng el ectron m croscope) S9220

manuf actured by Hitachi, Ltd. and the fluctuation of
t he neasurenent was expressed by 3 Sigma. The sanpl e
was rated as "Bad" when the value was ‘10 nm or nore,
and "Good" when the value was less than 10 nm (5)
PEB t enper at ure dependency In the observation of a 120
nml L/ 1 S pattern devel oped with an opti num dose of
Expbsure, the line width was_inspected from above the
pattern usi RgwsiM S9228< manuf actiy &4y Holagehh, Ltd.
The di fferenee*s betvveée”: aﬁ"r"T’l nef;’iﬁfdfeﬁ emuﬁEB was

PTRRLLCER L. ut h ol Opt [ I;T‘IIJ(W dose G\l\‘&@&? the > 1(60?1
fne

ten'glerature of P was va[l d2C was i ded by Y 1ot

tenmperature d| erence, and the resulcflng change in
the'fine w dt h*f&® reg ar d&f?as t he PEP t enpe eFUlr e
depéhdency (nnft§™® 37 Tab'i’é‘”l Pol y r?é‘f";;A) Aci H"REi d

di f ftisi on Sol vé&mi ‘("’D) (Par¥)gener at &r'®BY cont rBi98r (O

(parft) (part) (pai®) Exanphda ©-1{0.30) D-1(600)
10A14( 100) B- | ( 2y@eon( 0. 30)®4@( 600) ©c-10.30) D-1(800)
11A412(100) B- 1( 2ol ( 0. 30) ®4@( 600) c-1o30) D-1(600)
12A43(100) B- 1( 2)fe0il ( 0. 30) B1¢h( 600)  c-1t0.50 D-1(600)
Comparative Example
2 A-10(100) B-4(2) C-1(0.30) R
Table 2
— e
10 i1 12 . 13 14 15 i6 17 19 2
Film thickness (nm) 330 330 a33p 330 330 330 330 230 330 330
Bubstrate ARC29 ARGC29 ARC28 ARC29 ARC29 ARG2Y ARG29 ARC20 ARCH ARC29
FB
Temperature (°C) 10 110 10 120 116 110 110 110 110 180
Time (second) % 90 90 90 9 8 90 %0 90 9%
PEB ) ’
Tanparatura {°C) 110 116 110 120 110 10 110 110 1o 130
Time (second) 90 50 20 90 a0 30 50 90 50 90
Table 3
e S
) 10 11 12 13 14 i5 16 17 18 2
Transmittanca (%) 65 62 63 62 63 61 63 61 64 69
Seasitivity (J/m) 475 480 440 425 450 430 435 440 450 522
Resolution (rm) 90 a0 %0 20 1) 20 50 80 50 100
LER . Good Good Good Good Good Good Good Good Good Bad
PEB-temp.dependency (nm/°C) 1.8 19 1.4 15 21 48 16 18 35 14

As shown in Table 3, radiation-sensitive resin compositions excelling in line
edge roughness (LER) and PEB temperature independency were obtained in each of the

above Examples. -
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13A-4(100)B-1(2)0-1(0.30)0-1(600)
14A- 5(100) B- 1( 2) 0- 1( 0. 30) 0- 1( 600)
15A- 6(100) B- 1(2) 01( 0. 30) 0- 1( 600) 16A- 7(100). B- 1|
(2)0-1(0.30)D 1(600) 17A-8(100)B-1(2)0-1(0.30)D 1(600)
18A-9(100)B-1(2)0-1(0.30)0-1(600) Conparative Exanple
D- 1(450) 2A-10(100)B-1(2)0-1(0.30) D 2(150) Table 2
Filmthickness (nn) Substrate PB Exanple . 10 11 12 .
13 14 15 is 17 18 2 330 330 330 330 330 330 330 330
330 330 AR®R9 ARC29 ARC29 ARC29 ARC29 ARC29 ARC29
INIARSIBIARAPELKROBY ITdper at ure (C) 110 110 110 120 110
110 110 110 110 Time (second) 90 90 90 90 90 90 90 90
90 HFB#¢ang0hbe g@lidTionensitiver resiiCpmpodeitidn Of the Prei@0 iviedtidd O
110 110 110 130 Tine (second) 90 90 90 90 90 90 90 90
excBB i@ Une edge roughness (LER) and PEB temperature independency, the

compositioh 1s extremely useful as a chemically-amplified resist for manufacturing

semiconductor devices, which will become more and more micronized.
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Tabl e 3 Exanpl e Conparative Exanple Conparative
Exanple 10 11 12 13 14 15 16 17 18 2 Transm ttance
(%9 65 62 63 62 63 61 63 61 64 69 Sensitivity (s/nB)
475 460 440 425 450 430 435 440 450 522 Resol ution
(nm) 90 90 90 90 90 90 90 90 90 100 LER Good Good
Good Good Good Good Good Good Good Bad

PEH t enp. dependency (nm "C) 1.8 1.9 1A 15 2.1 4.8 1.6
1.8 3.5 7.4 As shown in TAAIBIS, radiation-sensitive.
resin conpositions excelling in line edge roughness
(LER) and PEB tenperature i ndependency were obtained
in each of the above Exanples. 38 | NDUSTRI AL
APPLI1CABLédyTiY F&@ﬁrﬁu sémpriging a gkt uteisieplevaitaddsi the
conposition of the present invention excels in line

fol@d@ﬁg foRMERNES 9 réduElg @G ESreaMRAEitHE HoMUGPRARSIAGY), and

conp03|t|on is extrenely useful as a

an 5&1@ B! drdpPlBRtdifihg ‘E'echﬁ%gsﬁmf 61"1) \Qﬁi@h‘ tamhins htNBast one unit

sem conductor devices, whiich wll beconme nore and nore
v A h QR Forahuig (4
s G ol ik dfeshaced By A ALGiRILMIRE (5ORRTS St o),
formula (1), a recurring unit (ii) represented by the
following formula (2), and an acid-labile
gr oup- gont ai ni ng recuirlng unit (||u) whi ch cont agns

£ t t .
_ji{jbe%éaﬂgne EE%CH; cC—  —FcH— _}_ (CHr‘é }
\ \ \ | \
C=0 C=0 c=0 C=0
O/ /

/o\
—

({X

Rt C
({ T RS
0 9 . ! B pa ) RI—C~
R n
0 :

() (2) 3) 4

\

wherein, in the formulas (1) to (4), K R’, R”, and R’ individually represent a hydrogen
atom, methyl group, or trifluoromethyl group, in the formula (1), R' represents a
hydrogen atom, linear or branched alkyl group having 1-4 cgrbon étoms, linear or

- branched alkoxyl group having 1-4 carbon atoms, or linear or branched fluoroalkyl
group having 1-4carbon atoms, in the formula. (2), X represents a polyalicyclid
hydrocarbon group consisting only of carbon and hydrogen and having 7-20 carbon
atoms , in the formula (3), R? and R? individually represent a linear or branched alkyl
group having 1-4 carbon atoms and R* represents an alicyclic hydrocarbon group |
having 4-20 carbon atoms, and in the formula (4), R’ represents a linear or branched
‘alkyl group having 1-4 carbon atoms, R® and R individually represent a hydrogen atom

or a linear or branched alkyl group having 1-4 carbon atoms, and n represents an integer
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sel ected froma recurring unit represented by the
followng formula (3) and formula (4), RR --+CHzZ- C
-~- --4+CH2-- C-~- CCOC0O00 O-(CH2- C-f- C=0O C=O
0 0 (4) wherein, in the formulas (1) to (4), R R,
R', and R'" individually represent a hydrogen atom
nmet hyl group, or trifluoronethyl group, in the fornula
(1), R represents a hydrogen atom |I|inear or
of hAanched al kyl group having 1-4 carbon atons, |inear
or branched al koxyl group having 1-4 carbon atons, or
| i near or branched fluoroal kyl group having 1-4carbon
atons, in the forrmula (2), X represents a
pol yal Thyadrylec pdhyrdéraeadrdong tgrotiig 1 ohsieht tha gecondng afit (iii) is
carbon and hydrogen and having 7-20 carbon atonms, in
a giop répressated by3he foRAurnd).R3 i ndividual |y represent a
| i near or branched al kyl group having 1-4 carbon
atons and R4 represents an alicyclic hydrocarbon
group. having 4-20 carbon atons, and in the fornula

(4), 3Rpne Wl%ﬁeﬁckéﬁﬁ%&to%alﬂrﬁ%@% 1@&1‘6%11&(1:9@ R’is

havi ng 1-4 carbon atons RC i ndivi dual 'y

an{g gfo%:[}o a%’c Vgrr gq?_a%hgg”rag%@m émﬁ%%%%d brigaghsd

on” at n represents
an. |nteger 40 of 3-7. 2. The acrylic polyner according
to claim1l1, wherein the recurring unit (iii) is a

ol y e REAEE R Erck o Ging o DR it i VR s8R i ©
rep&%&ﬂtecﬁgy ti formula (1), R is 2 hydrogen atom or methyl group and R' is a

hydrogen atom.

5. The acrylic polymer according to claim 1, wherein, in the recurring unit (ii)
represented by the formula (2), the polyalicyclic hydrocﬁrbon group éonsisting only of
carbon and hydrogen and having 7-20 carbon atoms is a hydrocarbon group onginating
from bicyclo[2.2.1]heptane, bicyclo[2'.2.2]octaﬁe, tricyclo[5.2.1.0% ®1decane,

36 2
36 027

tetracyclo[6.2.1.1 137

ldodecane, or tricyclo[3.3.1.1""]decane.
6. The acrylic polymer according to claim 1, wherein the proportion of the
recurring units in the total recurring units 1s 20-70 mol% for the recurring unit (i), 1-20

mol% for the recurring unit (i), and 20-60 mol% for the acid-labile group-containing

recurring unit (iit),

7. A radiation-sensitive resin composition comprising the acrylic polymer

according to claim 1 and a photoacid generator.
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a methyl group or ethyl group, R6 and R7 are hydrogen
atons, and nis 4 or 5. 4. The acrylic pol yner
according to claim1, wherein, in the recurring unit
(i) represented by the formula (1), Ris a hydrogen
atomor nethyl group and R is a hydrogen atom 5.
The acrylic polynmer according to claim1, wherein, in
the recurring unit (ii) represented by the formula
(2), the polyalicyclic hydrocarbon group consisting
only of carbon and hydrogen and having 7-20 carbon
at on8. A sadiattopchensitvdiesingomppsiton gompiisingthefacofic polymer
bi cycl o[ 2. 2. 1] hept ane, bi cycl o[ 2. 2. 2] oct ane,
accbrdingyte|ctif. Zanll. photoaciegabgitor.
tetracyclo[6.2.1. 13 6: 027] dodecane, or tricyclo[3.3.
1.13, 7]decane. 6. The acrylic polynmer according to
claim1, wherein the proportion of the recurring
units in the total recurring units is 20-70 nol % for
the recurring unit (i), 1-20 nol%for the recurring
unit (ii), and 20-60 nmol % for the acid-1abile
group-containing recurring unit (iii). 7. A
radi ation-sensitive resin conposition conprising the
acrylic polyner according to claim1 and a photoacid
generator. 41 S. A radiation-sensitive resin
conposition conprising the acrylic polymer according
to claim2 and a photoacid generator. 42
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