v

20000

CHEMICALLY AMPLIFIED POSITIVE RESIST COMPOSITION

B_ACKGROUND OF THE INVENTION

The present _invention relatés to a chemical amplifying
type positive resist composition used in the minute
processing of a slémiconductor.

In general, a lithography process using a resist
compositionl has been adopted in the minute processiné of a

semiconductor. In lithography, the resolution can be

improved with a decrease in wavelength of exposure light in -

principle as expressed by the equation of Rayleigh's

diffraction limited. A g-line with a wavelength of 436 nm,

"an i-line with a wavelength of 365 nm, and a KrF excimer laser

with a wavelength of 248 nm have been adopted as exposure lith
sources for lithography used in the manufacture of a

semiconductor. Thus, the waveléngth has become shorter year

" by year. An ArF excimer laser having a wavelength of 193 nm

is considered to be promising as a next-generation exposure

light source. As exposure 1light sources after next-

generation, an F2 excimer laser with a wavelength of 157 nm

and an extreme ultra-violet with a wavelength of 13 nm (EUV)
are being considered.

A lens used in an ArF excimer laser exposure _machine
or an exposure machine ﬁsing a light -source of shorter

wave_-length has a shorter lifetime as compared with lenses
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for conveptional exposure light sources. Accordingly, the_
shorter tim'e required for exposure to ArF excimer laser 1light I.
is desirable. For this reason, it is necessary to enhance
the sensitivity of a resist. Conéequently, there has been
used a so-called chemical amplifying type resist, which
utilizes the catalftic action of an acid generated due to
exposure, and contains a resin having a group cleavable by
the acid. -

It is known that, desirabiy, resins used in a resist

for AxrF excimer laser exposure have no aromatic ring in order

to ensure the transmittance of the resist, but have an

alicyclic ring in place of an aromatic ring in order to impart

"a dry etching resistance thereto.

Among these resins, a copolymer of an alicyclic
unsaturated carboxylic acid ester such as norbornene

carboxylate or tetracyclododecene carboxylate and maleic

: 'anhydride is by far superior toaresin comprisingan alicyclic

(meth)adrylate in terms of raw material cost.

. Amdng such alicylic unsaturated carboxylic acid ester
resins, those having a tert-butyl group as an acid unstable
group which is cleavable due to an action of acid and hence
has a function of changing the solubility of the resin, for
example, a resin having a unit of- tert-butyl 5-;
norbornene-2-carboxylate represented by the formula below,

have been reported and studied. However, resists using these



resins have not necessarily exhibited satisfactory resist

" performance.

CHs

G-0-C-CHg

o) CHs

An objecf .0f the present im'rention is to improve

various re.sist perform-ance sﬁch .as sensitivity and resolﬁtion
by using a resin having a unit dgrived from a specified
alicyclic unsaturated carboxylic acid ester in a ch"emically
ampiified positive resist composition comprising a resin
component and an acid-generating agent which is suitable for
‘excimer laser lithographyutilizing ArF, KxF or the 1like. The
inventors of the present invention have found the fact that
use of a resin containing a copolymer of an alicyclic.
unsaturated carbo'xylic acid ester having a specified .
‘protective group and maleic anhydride in a resist enables the
resist to eichibit an improved resolution. Thus, the present

invention has been attained.

SUMMAkY OF THE INVENTION

The present invention provides a chemically amplified
pésitive resist composition which comprises
a resin (X) which, per se, is insoluble or slightly soluble

in alkali but becomes soluble in alkali by the action of acid,
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and has a_polymeric unit (a) derived from an alicyélic_
unsaturated carboxylic acid ester |
in which a carbokylic acid ester group representéd by the
formula (I): |
R1

: i |
- —C—-0—-C-R (I)

_' 2

wherein R?! represents an alkyl having 1 to 4 carbon atoms,
R represents an alicyclic hydroc;arbon residue which may be
op_tionélly substituted with a group selected from hydroxyl
and oxo, and R? represents an alkyl having 1 to 4 carbon atoms,
or R and R?, together with carbon atoms to which R? and R are
‘bonded, form a ring, is bonded to an alicyclic hydrocarbon
having a polymerizabie carbon-carbon double bond in its ring;
and a polymeric unit (b) derived from maleic anhydride; and

an acid-generating agent (Y).

EMBODIMENTS of the INVENTION

In the present invention, the resin (X), as a-compdnent'
of the resist composition, is a copolymer of polymeric unit
(a) derived from an alicyclic unsaturated carboxylic acid
ester in which a carboxylic a_cigi ester group of the above
formula (I) is bonded to an alic'yclic unsaturated hydrocarbon
and éolymeric unit (b) derived from maleic anhydride. The

resist composition of the present invention is largely



characterj.z_ed by the presence of a bulky protective group such _
that R is an alicyclic hydroc_:arbon reéidue optionally having
a substituent, or R and R?, together with carbon atoms to which
theyarebonded,fomnaring.Byvirtﬁeofthischaracteristic,
the resist composition exhibits improved sensitivity and
resolution and is éapable.of providing a high contrast
pattern.

| The polymeric unit (a) has a carboxylic acid ester
nmietyrepresentedintheformulakI)(andisformedbyopening
an unsaturated bond (double bond) in the alicyclic
unsaturated ring. The polymeric unit (a) can be represented

by the following formula (II):

/ \
&)«
Icl:_o_cl;_R (I)

o) R?

"where R', Rand R? are as defined above, and aring A représents
an alicyélic hydrocarbon ring.

The'polymeric unit (b)-derived from maleic anhydride
is formed bf opening a double bond in maleic anhydride and

can be represented by the following formula (I1I1):

L \Y

| (O’Lo"\‘O) i

The resin (X) used in the present invention can be

obtained by copolymerization of an alicyclic unsaturated



carboxylic acid ester represented by the following formula

(IV):

o
C—0—-C—-R (IV)
- I2
O R

where R?, R and R? are as defined above, and a ring B represents
an alicyclic hydrocarbon which becomés the ring A in the
formula (II) when its double bond has begn opened by
polymeriz.ation ‘

and maleic anhydride..

In the formulae (I), (II) and (IV), the alkyl group
represented by R! or R? has 1 to 4 carbon atoms, and examples
‘of such alkyl groups include methyl, ethyl, propyl, isopropyl
and butyl. The alicyclic hydrocarbon residue represented'by
R may be combined with hydroxyl or oxo (=0). Examples of the
alicyclic hydrocarbon residue repn:';eserited by R include
‘monocyclic ones such as cycloalkyl and alkylcycloalkyl in
which an. alkyl having 1 t-o 4 carbdn atoms is bonded to
cycloalkyl', and polycyclic ones such as norbornyl and
adamantyl. The alicyclic hydrocarbon residue represented by
ﬁ usually can have about 5 to about 12 carbon atoms, and
specific examples of the alicyclic hydrocarbon residues
include cyclohexyl, alky_lcyclohexyl, hydroxycyélohexyl,'
oxocyclohexyl, norbornyl, and adamantyl. The ring formed by

R and R? together with carbon atoms to which they are bonded

"



is also an a_licyclic-hydrocarbon ring, and e_xamples of such
rings inclu._de monocyclic ones such as cycloalkyl and
alkylcycloalkyl, and polycyclic ones such as norbornyl and
adamantyl. The ring formed by R aﬁd R? together with carbon
atoms to which they are bonded, also, can have about 5 to about -
12 carbon atoms.

| The ring A in the formula (l]::I) may be either a monocylic
one sudh as cyciohexﬁne ring or a polycyclié¢ one such as
norbornane ring, tricyclodecane '-ring or tetracyclododecane
ripg. Particularly, polycyclic ones having two or more rings
are preférable. Preferably, the polycyclic ring has 7 to
12 carbon atofns. Accordingly, preferable ones of the unit

‘'represented by the formula (II) can generally be represented

by the following formula (IIa):

where Ri, R and R? are as defined above, and a bivalent group
D depicted by dotted line is either absent or a bivalent

saturated hydrocarbon residue. More specifically, in the
'case where the ring A in the formula (II) is a norbornane ring,
the unit can be represented by the formula (IIb) below. 1In
the case where the ring A is a tricyclodecane ring, for exa;mple .

tricyclo[5.2.1. 02-°1decane, the unit can be represented by the



o

formula (IIc) below, and in the case where the ring A is a
tetracyclododecane ring, for example,
tetracyclo[6.2.1.1°¢.0%"]dodecane, the unit can be

represented by the formula (IIq)'below.

1
B (Ib)
C-O0-C-R -
H] |2
O R
R T
I (_]Ic)
C-0-C-R
i l2
O R
/
R (Id)
|
C-0-C-R
H |2
O R

where R', R and R? are as defined above.

The units represented by the formulae (IIa), (IIb),
(IIc) and'(IId)‘are derived from an alicyclic unsaturated
carboxylic acid ester represented by. the following formula
(IVa), 5-norbornene-2-carboxylate répresented by the
following formula (IVb), tricyclo[5.2.1.0%°]Jdeca-8-ene-4-
carboxylate represented by the following formula (IVc), and
tetracyclo[6.2.1.1%°.0%"]dodeca-9-ene-4-carboxylate

represented by the following formula (IV4d), respectively.

"



CjQ-éJfR . (IVa)

R?
ED R! |
~C-0-C-R (IVb)
1] 1
0 R? |
| R
DI-c-0-¢-r  (wo) o
- FI{Z . -
_ C-0-C-R  (IVd)
n i
R2

where R!, R and R® and the bivalent D are as defined above.

The alicyclic unsaturated carboxylic acidester of the
formula (IV), particularly that represented by the formula
(IVa), can be prepared by the Diels-Alder reaction of a
cycloalkadiene having conjugatéd doubie bonds with a
“corresponding unsaturated carboxylic acid ester. 5-
norborne.ne-2-carboxylate 6f the formula (IVb) can be prepared
from, for éxample, cyclopentadiene and acrylic acid estér.
Tricyclo[5.2.1.OZJ]deca-8-ene-4—carboxylate.of the formula
(IVc) can be prepared from, for example, cyclopentadiene and
3-cyclopentene cérboxylate.
Tetracyclo[6.2.1.1%%,0%7]dodeca-9-ene-4-carboxylate of the
formula (IVd) can be prepared from, for example,

cyclopentadiene and 5-norbornene-2-carboxylate of the

-



formula (IVb). The reaction schemes of the above reaction

are as follows:

)] i
©) + cH=cH-C-0-C-R  —» ~"G-0-C-R
R

I 2

2 O- R

(IVb)

R1
S - @-C -0- o R —> c-0-C-R
0. R?

(IVe)

O OO W
@ C-0-G-R —» c-0-C-R
l:"z

(IVb) (Iwvd)

where R', R and R? are as defined above.

Examples of specific alicyclic unsaturated carboxylic
acld esters of the above formula (iV) include
"l-cyclohexyl-l-methylethyl 5—norbornene-Z-Carboxylafe;
1-(4-methylcyclohexyl)-l-hethylethyl 5-norbornene-~2-
carbo#ylafe; |
1-(4-hydroxycyclohexyl)-1-methylethyl 5-norbornene-2-
carboxylate;
i-methyl-l—(4-oxocyclohexyl)ethyl 5-norbornene-2-
carﬁoxylate;
1-(l-adamantyl)-l-methylethyl 5-norbornene-2-carboxylate;

l-methylcyclohexyl S-norbornéne-z—carboxylate;
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2-methyl—2-§damantyl 5-norbornene-2-carboxylate;
z-ethyl-z-adamantyl S-norbornené-z—c;rboxylate;
l-cyclohexyl-1l-methylethyl tricyclo[s.z.l.OLéldeca—s-ene-
4¥¢arboxylate; . '
1-(4-methylcyclohexyl)-1l-methylethyl
tricyclo[s.2.1.OLS]deca—8—ene-4—carb9xylate;
1-(4-hydroxycyclohexyl)-l-methylethyl
tricyclo[s.z.1fOLs]deca-8-ene-4—darboxylat§;_
1-methyl—1—(4-0Xocyclohe#yl)eth§l-
tricyclo[5.2.1.0%°]deca-8-ene-4-carboxylate;
1-(l-adamantyl)-1l-methylethyl tricyclo{5.2.1.0%%]deca-8-
ene-4-carboxylate;

"l-methylcyclohexyl tricyclo[5.2.1.0%°]deca-8-ene-4-
carboxylate;

2-methyl-2-adamantyl tricyclo[5.2.1.0%°]deca-8-ene-4-
carboxylate;

‘2-ethyl-2-adamantyl tricyclo[s.z.l.OLSJdeca—B—ene-4;
carboxyléte; | |
l-Cyclohexyl-l-methylethyl
tetracyclo[G;z.1.lms.0L7]dodeca-9—ene-4—carboxylate;
'1-(4-methylcyclohexyl)-1l-methylethyl
tetracyclo[6.2.1.1L°.0L7]dqdeca-Q-ene-4—carboxy1ate;
1-(4-hydroxycyclohexyl)-1-methylethyl
tetracyclo[6.2.1.1%°,0%7]dodeca~9-ene-4-carboxylate;

l-methyl-1-(4-oxocyclohexyl)ethyl



tetracyclq[&.z.l.1“5.0L7]dodeca—g-enef4-carboxy1ate;
1-(l-adamantjl)-l;methylethyl
tetracyclo[Gtz.l.i3‘.02”]dodeca-9-ene—4—carboxylate:
1-methylcyclohexyl tetracyclq[s.2;1.1L5.02”1dodeca—9—
ene-4-carboxylate:
2-methyl-2-adamantyl tetracyclo(6.2.1.13*%.0%'7]dodeca-9-
ene-4-carboxylate; and |
éjethyl-z-adaﬁantyl tetracyclo[é.z.1.13“.02”]dodeca—9-'
ene-4-~carboxylate. |

A resin for a chémical amplifiring type-positive resist
itself is generally alkali-insoluble or alkali-slightly
soluble Howéver, a part of a group therein is cleaved by
‘the action of an acid, and the resin becomes alkali-soluble
after the cleavage. In the resin specified in the present
invention, 2-alkyl-2-adamantyl in the formula (I) or 2-
ethyl-2-adamantyl in the formula (Ia) is cleaved by fhe action
"of an acid. Therefore, the presence of the polymeriéationi
unit of the formula (I) or-the formula (Ia) in a resin causes
a resist composition containing the resin to act as a positive
type. If required, the resin may also comprise other
polymerization units which are cleavéd by the action of an
acid.

Concreteexamplesoftheothergroupswhichérecleaved
by the action of an acid include various esters of carboxylic

acid. Examples thereof include alkyl ester including



tert—buty; esterasa fypical example, acetal type esters such
as methoxymethyl ester, ethoxyméfhyl_ester,.l;ethoxyethyl
ester, l-isobutoxyethyl estgr, 1-isopropoxyethyl ester,
l—efhoxypropyl estgr, 1-(2—methok§ethoxy)ethyl ester, 1-
(2-acetoxyethoxy)ethyl ester, 1-[2-(1-
adamantyloxy)ethoxylethyl ester, 1-[2-(1-
adamantanecarbonyloxy)ethoxylethyl ester, tetrahydro-2-
furyl ester, and tetrahydro-2-pyranyl esfér, and alicyelic
esters such as isobornyl ester. .Thehmonomers leading to the
'po;ymerization units hawving such carbo#ylic acld esters may
be acrylic ones such as methacrylate and acrylate{ or may be
the ones in which carboxylic acid ester groups are bonded to
"alicyclic monomers such as norbornene carboxylate,
fricyclodécene carboxylate, and tetracyclodecene
carboxylate.

The resin (X) used in the present invention preferably
'contains.zo to 70-moi%.df a polymeric unit having a group
cleavable by the action of acid, though that range is variable
depending.on the sort of radiation to be used in patterning'
exposure, the kind of the group which is cleavable by the-
action of acid, or a like. Thus, generally the polymeric unit
(a) is preferably contained in the resin (X) in an amount
within the range described above. Unless the advantageous
effects of the present invention are impaired, the resin.may

further contain any other polymeric units. Examples of the -
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other poiymeric units include norbornene, a norbornene .
carboxylate having a carboxylic acid ester moiety not
belonging to the formula (I) and.incapable of cleavage by the
action of acid, a (meth)acrylic acid., 'or.a (meth)acrylic ester
incapable of cleavage by the action of acid. As desired, the -
resist composition of the present invention may further
comprise any other resin in addition to the resin (X).
The acid generator which is another component is
decomposed to generate an acid by i;radiating the component
itself or a resist comﬁosition including the component with
radioactive rays such as light and an electron beam. The acid
generated from the acid generator acts on the resin to cleave
‘the group which is to be cleaved by the action of an acid
present in the resin. Examples of such acid generators
include onium salt compounds, organic halogen compounds,
sulfone compounds; and sulfonate compounds. Specifically,
"the following compounds can belmentioned:
diphenyliodonium trifluorbmethanesulfohate,
4-methoxyphenylphenyliodonium hexafluorcantimonate,
4-mthoxyphenylphenyliodonium trifluoromethanesulfonate,
bis(4-tert-butylphenyl)iodonium tetrafluoroborate,
bis(4-tert-butylphenyl)iodonium hexafluorophosphate,
bis(4-tert-butylphenyl)iodonium hexafluoroantimonate,
bis(4-tert-butylphenyl)iodonium

trifluoromethanesulfonate,



t;iphgnyl;ulfonium hexafluorophosphate,
triphenylsulfonium héiafluoroantimonate,
triphénylsulfonium trifluoromethanesulfonate,
4-methoxyphenyldiphenylsulfonium ﬁexafluoroantimonate,
4-methoxyphenyldiphenylsulfonium
trifluoromethanesulfonate,

pP-tolyldiphenylsulfonium trifluoromethanesulfonate,
p-toljldiphenylsulfonium perfluorooctanesulfonate,
2,4,6-trimethylphenyldiphenylsuifonium
tr;fiuoromethanesulfohaﬁe,
4-tert-butylphenyldiphenylsulfonium
trifluoromethanesulfonate,
"4-phenylthiophenyldiphenylsulfonium hexafluorophosphate,
4-phenylthiopheényldiphenylsulfonium hexafluoroantimonate,
1-(2-naphthoylmethyl)thiolanium hexafluoroantimonate,
l-(2-naphthoylmethyl)thiolanium
“trifluoromethanesulfonate, |
4-hydroxy-1l-naphthyldimethylsulfonium
hexafluordantimonate,
4-hydroxy-l-naphthyldimethylsulfonium
trifluoromethanesulfonate,
2-methyl-4,6-bis(trichloromethyl)-1,3,5-triazine,
2,4,6-tris(trichloromethyl)-1,3,5-triazine,
2-phenyl-4,6-bis(trichloromethyl)-1,3,5-triazine,

2-(4-chlorophenyl)-4,6-bis(trichloromethyl)-1,3,5~



triazineh
é;(4-methoxyphenyl)-4,6-bis(trichloromethyl)-1.3.5-
triazine,
2-(4-methoxy-1—naphthyl)—4,6-bis(frichloromethyl)-1,3,5-
triazine,
2-(benzof{dl{1l,3}dioxolane-5-yl)-4,6-bis{trichloromethyl)-
1,3,5-triazine,
2-(4-methoxystyryl)-4,6-bis(trichloromethyl)—l.3.5-' -
triazine, | _

2-(3,4, s-trimethoxystyryl') -4,6-bis(trichloromethyl) -
1,3,5-triazine, |
2—(3,4-dimethoxystyryl)-4.6-bis(trichlorométhyl)-1,3,5-
‘triazine,
2—(2,4-dimethoxjstyryl)—4,6-bis(trichloromethyl)—1,3,5;
triazine,
2-(2-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-

" triazine, |
2-(4-bufoxystyryl)-4,6—bis(trichloromethyl)-1,3,5-
triazine,. '
2-(4-pentyloxystyryl)—4,6—bis(trichloromethyl)—1,3,5-
triazine, ' |
1-benzoyl-1l-phenylmethyl p-toluenesulfonate (so-called
benzeintosylate),

2-benzoyl-2-hydroxy-2-phenylethyl p~toluenesulfonate (so-

called @ -methylolbenzointosylate),



1,2,3-benggnetriy; trimethanesulfohate,
2,6-dinit:6benzyl p-toluenesulfonate,
2-nitrobenzyl p-toluenesulfonate,

4-nitrobeniyl p—toluenesulﬁonate;

diphenyl disulfone,

di-p-tolyl disulfone,
bis(phenylsulfonyl)diazomethane,
bis(4—chlorophenylsulfqnyl)diazomethaﬁe,
bis(p-tolylsulfonyl)diazomethane, _
bis(4-tert-butylphenylsulfonyl)diazomethane,
bis(2,4-xylylsulfonyl)diazomethane,
bis(cyclohexylsulfonyl)diazomethane,

"(benzoyl) (phenylsulfonyl)diazomethane,
N-(phenylsulfonyloxy)succinimide,
N-(trifluoromethylsulfonyloxy)succinimide,
N—(trifluoromethylsulfdnyloxy)phthalimide,

" N-(trifluoromethylsulfonyloxy)-5-norbornene-2,3-
dicarbokyimide, | |
N-(trifluéromethylsulfonyloxy)naphthalimide,

_ N—(10-camphorsulfonyloxy)naphthalimide, and the like.

It is also known that, generally in a chemical
amplifying type positive resist composition, performance
deterioraﬁion due to the deactivation of an acid associated
wifh leaving after exposure can be reduced by adding basic

compounds, especially basic nitrogen-containing organic

s



compounds such as amines as quenchers. It is also preferable
in the present invention that such basic compounds are added.
Concrete examples of the basic compounds to be used as

qﬁenchers include the ones represented by the following

formulae:
| R13 - |
R14 I N,R.” _
R15 . \R12 -

R R‘12' R!' R12
\N/ \N/
R14 R18 R15 R14
R13
RM}{'? 1
ZCN RN )
R .

I\ N\
- R”—N\_’N-Rm RN O

—
o O
- 13
RT=NQ 12 N™ 'R
R 111
R
13 13

R14 R R R14

R15" N N="Rr15
wherein R* and R'?, which are same or different fromeach other,

represent hydrogen, cycloalkyl, aryl or alkyl which may be

- 18 - .
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optionally substituted with a hydroxyl; R'’, R'* and R*, which
are same of différent from each ofher, represent hydrogen,
cycloalkyl, aryl, alkoxy or alkyl which may be optionally
substituted with a hydroxyl; R fepresents cycloalkyl or
alle which ﬁay be optionally substituted with a hydroxyl; '
A represents alkylene, carbonyl or imino. The alkyl
represented by R'! to R'® and alkoxy represented by R*? to R!®
maﬁ‘have abéut 1 to 6 carbon atoms. The cycloalkyl may have
about 5 to 10 carbon atoms and the a;yl may have about 6 to
10 carbon atoms. The aryl represented by R'! to R!® may have
about 6 to 10 carbon atoms. Thé alkylene represented by A
may have about 1 to 6 carbon atoms and may be straight-chained
‘or branched.

The resist composition of the present invention
preferably contains the resin(X) in an amount in the range
of 80 to 99.9 % by weight, and the acid generating agent(Y)
‘'Inanof 0.1 to 20 % by weight based on the total solid component
weight of the composition; When a basic compound is used as
a quenchef, it is preferably contained in an amount in the
range of 0.0001 to 0.1 % by weight based on the total solid
component weight of the resist composition. The composition
may also contain, if requiréd, various additives such as
sensitizers, dissolution inhibitors, other resins,
surfactants, stabilizefs, and dyes in small amounts.

The resist composition of the present invention



generally becomés a_resist solution in the state in which the
above-described components are diséolved in a solvent to be
applied on a substrate such as a siii,con wafer. The solvent
herein used may be one which dis.sélves each component, has
an apprdpriate drying rate, and provides a uniform and smooth
coating' after evaporation of the solvent, and can be one which
is generally used in this field. Examples thereof include
glycol ether esj:_ei's- such as ethylcellosolve acetate, -
methylcellosolve %;etate, and é:_:opylene glycol monomethyl
et_her acetate; este‘r}s such as ethyl lactate, butyl acetate,
amyl acetate, and ethyl pyruvate; ketones such as acetone,
methyl isobutyl ketone, 2-heptanone, and cycloh.exanone; and
"cyclic esters such as 7 -butyrolactoné. These solvents can
be used alone or in combination of two or more thereof.

The resist film applied on a substrate, and dried is
subjected to an exposure treatment for patterning. Then,
- after a heat-treatment for promoting a protecting deblocking
reaction, development by .z.:ln alkali developer is conducted.
The alkali developer herein used can be various kinds of
alkaline agqueous solutions used in this field. 1In general,
an ageous solution of tetramethylammoniumhydroxide or (2-
hydroxyethyl) trimethylamxﬁoniumhydroxide ( so-call_ed
colline) is often used.

Next, the preéent invention will be described in more

detail by way of examples, which should not be construed as



limiting the scope of thg present invention. All parts in
examples are by weight unless ofherwise stated. The
welght-average molecular_weight is a value determined from
gel éermeation chromatography using éolystyrene as a

reference standard.

Monomer Synthesis 1 (Preparation of tert-butyl 5-
norbornene-z-carboxylate)

A large excess of fresh cyclgpentadiene obtained by
distillation was subjected to the Diels-Alder reaction with
86.0g (0.67 mol). of tert-butyl acrylate at room temperature.
The resulting reaction product was distilled under a low
‘pressure at a boiling point of 80°C to give tert-butyl 5-
norbornene-2-carboxylate with a yield of 90% on a tert-bui:yl
acrylate basis. The chemical reaction formula of this

example is as follows,

W G- ) W

|:> + CHp=CH-C~0-C~CHg —> G-0-G-CHj
o CH,q O  CHg

Monomer Synthesis 2 (Préparation of 1-(4-
methylcyclohexyl)-1l-methylethyl 5-norbornene-2-
carboxylate)

A large excess of fresh cyclopentadiene obtained by
distillation was subjected to the Diels-Alder reaction with

20.0 g (95.2 mmol) of 1-(4-methylcyclohexyl)-1l-methylethyl

- 21 -
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acrylate at room temperature. The résulting reaction
product was distilled under a low pressure at a bdiling point
of 145°C to give 1-(4- methylcyclohexyl) l methylethyl 5~

. norbornene-2-carboxylate with a yield of 80% on a 1-(4-
methylcyclohexyl)-1l-methylethyl acrlate basis. The

chemical reaction formula of this example is as follows.

O GHy @\ CHg
) + CHz=CH-C-0- C-O-CH3—> G-0-C~_)~CHs
CH3 O : CHS

Monomer Synthesis 3 (Preparation of 1-(l-adamantyl)-1-
methylethyl 5-norbornene-2-carboxylate) |

A large excess of fresh cyclopentadiene obtained by
distillation was subjected to the Diels-Alder reaction with
.25.0 9 (0.10 mol) of 1-(l-adamantyl)-1l-methylethyl acrylate
at room temperature. The resuiting reaction product was
‘" recrystalized in methanol to give 1-(1—adamantyl)—1;
methyleﬁhyl 5-norbornene;2—carb§xylate with'a yvield of 50%
on a l-(lQadamantyl)-l—methylethyl acrylate basis. The

chemical reaction formula of this example is as follows.

Q GHe @ GHa
@ + CHp=CH-C-0~C~GHy —» ~¥"C-0-C~CH,
0
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Monomer Synthesis 4 (Preparation of 2-(2-methyl)adamantyl’
5-norbornene-2-carboxylate) -

A large excess of fresh cyclopentadiene obtainedlby
distillation was subjected to the ﬁiels-—Alder readtidn with |
158 g (0.72 mol) of 2-(2-methyl)adamantyl acrylate at room"
temperature. The resulting reaction product was purified
with silica gel chromatography to give 2-(2-methyl)adamantyl
5-norbornene-2-carboxylate with a yleld of 50% on a 2-(2-
methyl)adamantyl acrylate basis'. The chemical reaction

formula of this example is as follows.

CH3 CH3

©+CH20HCO~@ co@

Resin Synthesis 1 (Preparation of a tert-butyl 5-
norbornene-2-carboxylate/maleic anhydride copolymer)

To a mixture of 15 g (77.2 mmol) of tert-butyl 5-
‘norbornene-2-carboxylate obtained in the above Monomer
Systhesi's 1l and 7.57 g (77.2 mmol) of maleic anhydride was
added 45.0 g of ‘4-dioxane to form a solution, which was then
heated to 80°C in a nitrogen atmosphere. To the solution thus
heated was added 0.25 g of 2,2'-azobisisobutyronitrile as an
initiator, followed by stirring for 48 hours. Thereafter,
this reactionmass was mixedwith a large quantity of n-heptane
to cause a resin to precipitate, followed by filtration. The

resulting wet cake was dissolved in 1,4-dioxane, and the



resulting. solution was mixed with a large quantity of n-
heptane to cause a resin to precipitate. By repeating thé
process from dissolution to precipitation twice for
‘purification, a copolymer havingl a.weight-average molecular
weight of 4,750 and a degree of dispérsion (=weight average"
molecular weight/ numper average moJ_.ecular weight)of 1.6 was
obtained. The copolymer thus obtained ié referred to as Resin

X. -

Re_sin Synthesis 2 (Preparation of a 1-(4-
methylcyclohexyl)-1l-methylethyl 5-norbornene-2-
carboxylate/maleic anhydride copolymer)

To a mixture of 24.0 g (86.9 mmol) of 1-(4-
methﬁrlcyclohexyl )-1l-methylethyl 5-norbornene-2-
carboxylate obtained in the above Monomer Systhesis 2 and 8.5
g (86.9 mmol). of maleic anhydride was added 65.0 g of
' tetrahydrofuran to form a solution, which was then heét_ed to
60°C in a hitrogen atmosphere. To the solution thus heated
was added 0.28 g of 2,2'.-azobisisobutyronitrile as an
initiator, fbllowed by stirring for 24 hours. Thereafter,
this reaction ﬁass was mixedwith a large quantity of n-heptane
to cause .a resin to precipitate, followed by filtration. The
resulting wet cake was dissolved in tetrahydrofu:fan, and the
resulting solution was mixed with a large quantity of n-

heptane to cause a resin to precipitate. By repeating the -

a”



process from dissolution to precifitation_twice for
purification, a copolymer having a weight-average molecular
- weight of 3,500 and a degree of dispersion of 1.5 was obtained.

The copolymer thus obtained is referred to as Resin A.

Resin Synthesis 3 (Preparation of a 1-(1-adamantyl)-1-
methylethyl 5-norbornene-2-carboxylate/maleic anhydride
copolymer) .
To .a mixture of 10.0 g (3£l..8 mmol) of 1-(1-
adamantyl)-l-methylethyl.5-norbornene-z-carboxylate
obtained iln the above Monomer Systhesis 3and 3.1 g (31.8 mmol)
of maleic anhydride was added 26.3 g of tetrahydrofuran to
‘form a solution, which was then heated to 65°C in a nitrogen
atmosphere. To the solution thus heated was added 0.21 g' of
2,2'-azobisisobutyronitrile as an initiator, followed by
stirring for 24 hours. Thereafter, the same purification
" process was carried out as in Resin Synthesis 2 to obtain a
copolymér having'a'weight;average molecular weight of 3,530
and a degfee of dispersion of 1.27. The copolymer thus

obtained is referred to as Resin B.

Resin Synthesis 4 (Preparation of a 2-(2—methyl)ad'amantyl
5-norbornene-2-carboxylate/maleic anhydrid'e copolymer)
To a mixture of 2-(2-methyl)adamantyl 5-

norbornene-Z—carboxyiate obtained in the Monomer Synthesis
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4 and maleic anhydride in a molar ratio of 1 : 1 (15.0 g :'
5.17 g) was added tetrahydrofuran in a weight twice as large
as the total weight of all the mononers used thereto to form
a solution. To the solution was édded
azobisisobutyronitrile as an initiator in an amount of 2 mol%"
relative to the total amount of the monomers, and the mixture
was heated to 65°C in a nitrogen atmosphere, followed by
stirring for 24 hours. Thereéftexy a process of pouring the
reaction mass into a large quaﬁtity;of methanol to cause
p;ecipitation was repéated three times for purification of
resin to obtairi 4.63 g of a copolymer having a molecular weight
of about 4,300 and a degree of dispersion of 1.37. This

"copolymer thus obtained is referred to as Resin C.

Examples and Comparative Example
Components listed below were mixed and Ffiltered
" through a f£luorine resin filter having a pore diameter of 0.2

pm to give resist solutions.

Resin A, B or X _ 10 parts
Acid generating agent:
p-tolyldiphenylsulfonium trifluoromethanesulfonate

0.1 part

Quencher: 2,6-diidopropyl aniline 0.0075 part

Solvent: propylene glycol monomethyl ether acetate

e



57 parts

7 -butylolactone 3 parts

On a silicon wafer, a compasition “DUV-4i“
manufactured by.Brewer Co. Ltd. was applied and baked under
conditions of 215°C for 60 seconds so that an organic
reflection-preventing membrane having a thickness of 1,600
angstrom was formed on the wafer. The resist solution-
obtained. above was applied on gaid_wafer so that fhe film
thickness after ering was 0.385 pym. After appiying the
resist solution, the wafer was pre-~baked on a direct hotplate
at a temperature shown in Table 1, column "“Pre-bake” for 60

"seconds. The wafer having a resist £ilm formed thereon was
irradiated with a ArF eximer stepper [ "NSR-ArF", manufactured
bﬁr Nikon, NA=0.55, 0=0.6] through a 1ine-and-space pattern,
changing stepwise the exposure amount. The exposed wafer was

" subjected 1;0 post-exposure baking (PEB) on a hot plate under

at a température shown in Table 1, column "PEB” for 60 seconds.

Then the wafer was subjected to paddle development with 2.38%

by weight aqﬁeous tetramethyl ammonium hydroxide solution for

60 seconds. The developed line-and-space pattern was

observed by a scanning electron microscope and asséssed for
the effective sensitivity and the resolution by the following

methods:

Effective sensitivity: This is expressed in the



minimum amount of exposure which gave 1 : 1 line—aﬂd-space

pattern of 0.20 pm.

Resolution

This is expressed in the minimum size

which gave line-and-space pattern spitted at the exposure

amount of the effective sensitivity.

Table 1

Resin .Temperature' Effective Resolu-
C sensitivity {tion
Pre- (KxF) (XrF)
: *
bake PEB
Example 1 A 130 . 130 34 mJ/cm2 0.16 um
Example 2 B 14 115 26 mJ/cm2 0.16 um
'Example 3 C 140 115 78 mJ/cm2
0.17 pm
Comparative
Example X 130 130 82 mJ/cm2 0.18 pm

*PEB : Post Exposure Bake

The resist composition of the present invention is

excellent in sensitivity and resolution. -It is also good in

other resist performances.

Accordingly, it can be suitably

used in fine processes for producing a semiconductor. -
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What is c:.ITa_i_.med is:
1. A chemically amplified positive :esist composition
“which comprises

e_i resin (X) which, llper se, is insoiuble or slightly soluble
in alkali but becomes soluble in alkali by the action of acid,
and has a polymeric unit (a) derived from an alicyclic
unsaturated carboxylic acid ester

in which a carboxylic acid ester group represented by the
formula (I):

. | R1

i |

—C—0—-C-R (1)

B2

‘wherein R?! represents an alkyl having 1 to 4 carbon atoms,
R represents an alicyclic hydrocarbon residue which may'be
optionally substituted with a group selected from hydroxyl
and oxo, and R? represents an alkjrl having 1l to 4 carbon atoms,
‘or R and R?, together with carbon atoms to which R? and R are _
bonded, form a ring, is b<->nded to an alicyclic hydrocarbon
having a pdlymerizable carbon-~carbon double bond in its ring;
and a polymeric unit (b) derived from maleic anhydride; and
an acid-generating agent (Y). |
2. The positive resist compositibn according to claim 1,
wherein R in the formuia (I) is monocyclic or polycyclic, and
has about 5 to about .12 carbon étoms.

3. The positive resist composition according to claim 1,
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wherein R ;!.n_ the formula (I) is cyclohexyl, alkylcyclohexyl,
hydrogycyclohexyl, oxocyclohexyl, norbornyl or adamantyl.
4. _ The positive resist composition according to claim 1,
wherein R and R?, together with ca?bon atbms to which they
are bonded, form a monocyclic alicyclic hydrocarbon ring or
a polycyclic alicyclic hydrocarbon ring having 5 to about 12
carbon atoms. |

5. The positive resist composition according to claim 1,
wherein the alicfclic unsaturated hydrocarbon ring in the
alicyclic unsaturated carboxylic acid ester is a.polycycllc
ring having two or more rings and having 7-12 carbon atoms.
6. The,positive resist composition according to claim 1,
:wherein the polymeric unit derived from the alicyclic
unsaturated carboxylic acid ester is represented by the

following formula (IIa):

1
(N R (Tay
‘D" *C-0—-C-R
. I2
O R

where R1, R and R2 are as defined in claim 1, and a bivalent
group D depicted by dotted line is either absent or a bivalent
saturated hydrocarbon residue.

7. The positive resist composition according to claim 1,

which further comprises an amine as a quencher.
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