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(57) ABSTRACT 

Alkali-developable, chemically ampli?ed resist composition 
Which comprises an alkali-insoluble compound having a 
structural unit containing a protected alkali-soluble group in 
Which unit a protective moiety of said protected alkali 
soluble group contains an alicyclic hydrocarbon group hav 
ing bonded to a carbon atom thereof a —CH2—R1‘ group 
Wherein R1‘ is methyl, ethyl, propyl or isopropyl, and said 
alkali-soluble group is cleaved upon action of an acid 
generated from a photoacid generator used in combination 
With said compound, thereby releasing said protective moi 
ety from the alkali-soluble group and converting said com 
pound to an alkali-soluble one, and a photoacid generator 
capable of being decomposed upon exposure to a patterning 
radiation to thereby produce an acid capable of causing 
cleavage of said protective moiety. The resist composition 
can exhibit a high sensitivity (not more than 5 mJ/cm2) and 
therefore is particularly suitable for ArF lithography and also 
can exhibit stable patterning properties. 
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CHEMICALLY AMPLIFIED RESIST 
COMPOSITIONS AND PROCESS FOR THE 

FORMATION OF RESIST PATTERNS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 08/673,739, ?led on Jun. 27, 
1996. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a chemically 
ampli?ed resist composition and a process for the formation 
of resist patterns using the same. More particularly, in one 
aspect, the present invention relates to a resist composition 
Which can be exposed to any patterning radiation having a 
relatively short Wavelength such as excimer laser light and 
can also utiliZe an alkaline solution as a developer. The 
chemically ampli?ed resist composition of the present 
invention can provide ?ne positive-Working resist patterns 
Without sWelling. Further, the thus produced resist patterns 
can provide a practically usable sensitivity and an excellent 
resistance to dry etching. In another aspect, the present 
invention relates to a resist composition Which can exhibit a 
higher resolution, higher sensitivity and excellent resistance 
to dry etching, and also can effectively avoid cracking in the 
resulting resist patterns and peeling-off of the patterns from 
the substrate. In still another aspect, the present invention 
relates to a resist composition Which can exhibit a high 
sensitivity and stable patterning properties Which are par 
ticularly desired in the ?eld of ArF lithography. Accordingly, 
the present invention can be advantageously utiliZed in the 
production of semiconductor devices such as semiconductor 
integrated circuits, for example, LSIs, VLSIs, ULSIs and 
other devices, using a lithographic process. 

[0004] 2. Description of the Related Art 

[0005] Recently, in the production of semiconductor inte 
grated circuits, the degree of integration thereof has been 
notably increased and accordingly LSIs and VLSIs have 
been produced on a commercial scale. The minimum line 
Width of the circuit patterns in these devices approaches the 
sub-half micron or quarter micron order. In other Words, in 
the production of these high performance devices, it is 
required to provide an established ?ne fabrication technol 
ogy. 

[0006] In the ?eld of lithography, to satisfy the above 
requirements, an approach in Which ultraviolet (UV) radia 
tion as an exposure source is shifted to shorter Wavelengths 
in the far or deep ultraviolet region has been suggested, 
along With research for providing neW exposure devices 
provided With a light source capable of emitting such short 
Wavelength radiation in the deep ultraviolet region. 

[0007] Currently, photolithograpy using a krypton ?uoride 
(KrF) excimer laser having a Wavelength of 248 nm as an 
exposure source has been noted as a novel exposure tech 
nology, and it has also been urged to ?nd novel resist 
materials suitable for exposure to such short Wavelength 
radiation and stably shoWing a high sensitivity and high 
resolution. A chemical ampli?cation system and a resist 
material based on said system, i.e., chemically ampli?ed 
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resist composition, have been disclosed by Ito et al. of IBM 
Corp. to be useful for KrF lithography (see, for example, J. 
M. Frechet et al., Proc. M icrocircuit Eng, 260 (1982); H. Ito 
et al., Digest of Technical Papers of 1982 Symposium on 
VLSI Technology, 86 (1983); H. Ito et al., “Polymers in 
Electronics”, ACS Symposium Series 242, edited by T. 
Davidson, ACS 11 (1984); and US. Pat. No. 4,491,628). As 
Will be easily understood by referring to these articles, the 
basic concept of the chemically ampli?ed resist composition 
developed by Ito et al. resides in that a catalytic reaction is 
?rst induced in the coating from the resist composition, 
thereby increasing an apparent quantum yield to a level 
suf?cient to highly increase a sensitivity of the resist com 
position. 
[0008] The above concept of the chemically ampli?ed 
resist composition Will be further clari?ed With reference to 
one typical example of the Well-knoWn chemically ampli?ed 
resist compositions Which have been Widely studied by the 
researchers in the ?eld of resist chemistry, namely, the 
chemically ampli?ed resist composition comprising 
t-buthoxycarbonyl polyvinylphenol (t-BOCPVP) and a pho 
toacid generator (PAG) capable of releasing an acid upon 
action of the exposure radiation. After it Was coated over the 
substrate, the resist composition is exposed to the exposure 
radiation, and as a result of such exposure, an acid is 
released from the PAG. Then, the exposed resist composi 
tion or coating is subjected to post-exposure baking (PEB). 
As a result of this baking, in the exposed areas of the resist 
coating, a t-BOC group is cleaved from t-BOCPVP to 
produce isobutene and carbon dioxide. Further, a protonic 
acid simultaneously produced during cleavage of the t-BOC 
group can act as a catalyst in the above-mentioned cleavage 
reaction Which therefore proceeds like a chain reaction, thus 
largely varying the polarity of the exposed areas. In this 
resist composition, if a suitable developer Which is compat 
ible With such a large variation of the polarity in the exposed 
areas is selected, satisfactory resist patterns can be easily 
produced. 

[0009] HoWever, conventional chemically ampli?ed resist 
materials including the above-discussed t-BOCPVP-based 
resist composition have one problem in that because of the 
restricted chemical structure of the resin used as a basic 
component thereof, they cannot fully satisfy the require 
ments concerning sensitivity, transparency to the exposure 
radiation, stability in storage, ease in procurement, resolu 
tion and the like. Among the possible restrictions to the 
chemical structure of the resist resin, the most important 
restriction is the restriction to a protective group Which is 
attached to said resin, but is able to be cleaved therefrom 
upon baking of the exposed resin in the presence of a 
photoacid generator. Namely, in the ?lm-forming resin in 
Which a side chain of the monomeric unit of the resin 
contains a carboxylic acid ester attached thereto as a chemi 
cal ampli?cation-concerning component, protective groups 
Which are recogniZed to be suitable for the carboxyl group 
of said ester include only t-butyl group, 1,1-dimethylbenZyl 
group, tetrahydropyranyl group, 3-oxocyclohexyl group and 
isobornyl group. These protective groups are inappropriate, 
and therefore it is desired to provide a neW protective group 
Which can be more effectively utiliZed in the chemically 
ampli?ed resist materials than the above protective groups. 

[0010] In addition to the improvement in the protective 
group introduced into the resist resin, the conventional ?ne 
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fabrication technology includes problems concerning some 
defects in the resulting resist patterns Which defects Will be 
described hereinafter. 

[0011] Using the ?ne fabrication technology, ?ne resist 
patterns can be generally produced by coating a substrate 
having on a surface thereof a layer or coating to be fabri 
cated, such as a layer to be selectively etched, With a resist 
material, and exposing the resist coating to a patterning 
radiation to thereby form a latent image corresponding to a 
pattern of said radiation. The latent image of the resist 
coating is then developed With a suitable developer. A 
desired resist pattern is thus obtained. The resist pattern can 
be effectively utiliZed as a masking means in the subsequent 
etching process to selectively etch the underlying layer. Said 
patterning radiation generally includes ultraviolet radiation 
such as the g-line (Wavelength of 436 nm) and i-line 
(Wavelength of 365 nm), hoWever, as brie?y mentioned in 
the above paragraphs, it also includes other radiations hav 
ing shorter Wavelengths such as deep ultraviolet radiation, 
vacuum ultraviolet radiation, electron beam (EB), X-ray and 
others as Well as excimer laser such as KrF laser of the 
Wavelength of 248 nm and ArF laser of the Wavelength of 
193 nm. Note that the term “radiation” used herein means all 
of the above-mentioned radiations. 

[0012] In the formation of submicron-ordered resist pat 
terns using as a patterning radiation the radiation in the range 
of far ultraviolet or vacuum ultraviolet regions, it is neces 
sary to use speci?c resist materials having an excellent 
transparency to the patterning radiation and also a high 
resistance to dry etching. The inventors of this application 
have Zealously studied this and found that said need is 
satis?ed by the radiation-sensitive material comprising a 
polymer or copolymer of acrylic acid ester or a-substituted 
acrylic acid ester in Which the ester portion contains an 
adamantyl skeleton (see, Japanese Unexamined Patent Pub 
lication (Kokai) No. 4-39665). Similarly, the inventors have 
found that the chemically ampli?ed radiation-sensitive 
material comprising a polymer or copolymer of acrylic acid 
ester or ot-substituted acrylic acid ester in Which the ester 
portion contains a norbornane skeleton (see, Japanese Unex 
amined Patent Publication (Kokai) No. 5-257284). 

[0013] Surprisingly, the chemically ampli?ed resist mate 
rials suggested by the inventors have an excellent resistance 
to dry etching, in addition to a higher transparency to 
radiation from Wide variety of light sources, especially 
excimer laser light having a Wavelength in the far ultraviolet 
and vacuum ultraviolet regions. HoWever, these resist mate 
rials still have draWbacks concerning dif?culty in obtaining 
stable patterning characteristics. For example, depending 
upon the conditions applied to the materials, for example, 
When they are coated at a relatively larger thickness or the 
exposed resist coating is developed With a developer having 
a higher solubility, the resist materials are liable to cause 
cracking of the resist patterns or separation or peeling off of 
the patterns from the underlying layer. The exact reason Why 
such defective resist patterns are produced is unknoWn, 
hoWever, the inventors of the present application understand 
from their experience that since alicyclic hydrocarbon moi 
ety in the skeleton of the resist material has a strong 
hydrophobic nature and rigidity, the strain applied to the 
resist coating during development is increased. 

[0014] Further, due to presence of the alicyclic hydrocar 
bon moiety therein, the above-mentioned chemically ampli 
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?ed resist materials suffer from the draWback that conven 
tional alkaline developers cannot be used in the development 
process. Namely, it is understood that due to a strong 
hydrophobic nature of the alicyclic hydrocarbon moiety, the 
resist materials containing said alicyclic moiety cannot be 
suf?ciently dissolved in the alkaline developers. Note, hoW 
ever, that the inventors have found that the above problem 
concerning use of the alkaline developers can be solved if 
the formation of resist patterns is made by using a resist 
material Which comprises a polymer or copolymer having a 
repeating unit containing a protected alkali-soluble group 
capable of releasing a protective group upon exposure to an 
acid, thereby making the polymer or copolymer alkali 
soluble, and a photoacid generator capable of producing an 
acid upon exposure to radiation, and developing the exposed 
resist coating With a developer containing an aqueous solu 
tion or alcoholic solution of the speci?ed ammonium com 
pound or morpholine compound (see, Japanese Patent 
Application No. 7-23053 ?led on Feb. 10, 1995). 

[0015] Furthermore, other problems in the above-men 
tioned chemically ampli?ed resist materials are that due to 
its poor adhesion to the underlying layer or coating to be 
etched, the resist coating can separate from the substrate 
during development, and that When the patterning exposure 
of the resist coating is made through an exposure mask 
Which is designed to prevent permeation of the patterning 
radiation corresponding the circuit pattern to be printed, the 
resulting resist patterns have an expanded con?guration 
larger than that of the exposure mask used. It is therefore 
desired to provide a resist material capable of exactly and 
faithfully reproducing the ?ne patterns of the exposure mask 
used. 

SUMMARY OF THE INVENTION 

[0016] The present invention is directed to solve all the 
above-discussed problems in the prior art’s chemically 
ampli?ed resist materials, and in order to attain this aim, the 
inventors have selected one approach to improve the resist 
material itself, not selecting another approach to improve a 
developer used in the resist process. 

[0017] One object of the present invention is to provide a 
novel chemically ampli?ed resist composition Which 
enables use of a conventional alkaline solution, especially 
aqueous alkaline solution, as a developer, and can provide 
unsWelled ?ne patterns With a practically useful sensitivity. 

[0018] Another object of the present invention is to pro 
vide a novel chemically ampli?ed resist composition Which 
can be used in lithography using exposure lights in the deep 
ultraviolet region, for example, KrF excimer laser light and 
the like, and can provide resist patterns having excellent 
resistance to dry etching. 

[0019] Further, another object of the present invention is 
to provide a novel chemically ampli?ed resist composition 
Which can increase the difference in the polarity betWeen 
exposed areas and unexposed areas, thereby simultaneously 
enabling a high sensitivity, high contrast and accordingly 
high resolution. 

[0020] Furthermore, another object of the present inven 
tion is to provide a novel chemically ampli?ed resist com 
position Which has a high transparency to various radiations, 
particularly shorter Wavelength radiations including KrF and 
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ArF eXcimer laser light, and can form positive-Working ?ne 
resist patterns having an excellent resistance to dry etching 
along With the diminished cracking and peeling off of the 
resist patterns during the development step, namely, stabi 
liZed patterning characteristics. 

[0021] Still another object of the present invention is to 
provide a novel chemically ampli?ed resist composition 
Which can exhibit a good adhesion to the underlying sub 
strate or layer, When applied thereto, and can faithfully 
reproduce in the resulting resist patterns the pattern of the 
eXposure mask used. 

[0022] In addition, still another object of the present 
invention is to provide a novel chemically ampli?ed resist 
composition Which has a high transparency to various radia 
tions including eXcimer laser light, can form ?ne resist 
patterns having an eXcellent resistance to dry etching, along 
With a particularly high sensitivity. 

[0023] Another object of the present invention is to pro 
vide a novel process for forming resist patterns, especially 
positive resist patterns, using the resist composition of the 
present invention. In this patterning process, it is desired that 
the resist coating from said composition can be developed 
With a conventional alkaline developer, after it is eXposed to 
the patterning radiation. 

[0024] The other objects of the present invention Will be 
appreciated from the descriptions as set forth beloW With 
regard to the preferred embodiments thereof. 

[0025] According to one aspect of the present invention, 
the above object can be attained by an alkali-developable, 
chemically ampli?ed resist composition for forming resist 
patterns Which comprises: 

[0026] I. an alkali-insoluble, ?lm-forming compound 
having a structural unit a containing a protected 
alkali-soluble group in Which unit a protective moi 
ety of said protected alkali-soluble group is cleaved 
upon action of an acid generated from a photoacid 
generator used in combination With said compound, 
thereby releasing a protective moiety from the alkali 
soluble group and converting said compound to an 
alkali-soluble one, said alkali-soluble group being 
protected With the protective moiety selected from 
the group consisting of: 

[0027] a lactone moiety (A) represented by the fol 
loWing formula (I): 

(I) 

[0028] in Which R1 represents a substituted or unsubsti 
tuted, straight chain or branched chain alkyl group of 1 to 4 
carbon atoms, and 

[0029] n represents an integer of 1 to 4; and 
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[0030] an alicyclic hydrocarbon or alicyclic hydro 
carbon group-containing moiety (B) represented by 
any one of the folloWing formulae (II) to (VII): 

(11) 

[0031] in Which RI is as de?ned above, and 

[0032] Z represents atoms necessary to complete an 
alicyclic hydrocarbon group along With a carbon 
atom to Which said RI is bonded; 

(III) 
Rn 

[0033] in Which RII may be the same or different, and each 
represents a substituted or unsubstituted, straight chain or 
branched chain alkyl group of 1 to 12 carbon atoms or an 

alicyclic hydrocarbon group With the proviso that at least 
one of RII is an alicyclic hydrocarbon group; 

(IV) 
R11 

in Which RII is as de?ned above; 

(V) 
R111 R111 

19% 
—(|: R111 

Rm 

[0035] in Which RIII may be the same or different, and each 
represents a proton, a substituted or unsubstituted, straight 
chain or branched chain alkyl group of 1 to 12 carbon atoms 
or an alicyclic hydrocarbon group With the proviso that at 
least one of RIII is an alicyclic hydrocarbon group and, in the 
above formula, at least one of tWo RIII is a substituted or 

unsubstituted, straight chain or branched chain alkyl group 
of 1 to 12 carbon atoms or an alicyclic hydrocarbon group; 
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(VI) 
R11 R11 0 

| | || 

R11 

[0036] in Which RII is as de?ned above; and 

(VII) 
R 

H I\ —C—O—_C \‘ 
.xx" Z, 

[0037] in Which RI and Z are as de?ned above; and 

[0038] II. a photoacid generator capable of being 
decomposed upon exposure to a patterning radiation 
to thereby produce an acid capable of causing cleav 
age of said protective moiety. 

[0039] According to another aspect of the present inven 
tion, the above object can be attained by a process for the 
formation of resist patterns Which comprises the steps of: 

[0040] coating the chemically ampli?ed resist com 
position according to the present invention on a 
substrate to be fabricated in order to form a resist 
coating thereon; 

[0041] selectively exposing said resist coating to a 
patterning radiation capable of causing generation of 
an acid from said photoacid generator; 

[0042] heating the exposed resist coating to a tem 
perature at Which the cleavage of said protective 
moiety is induced; and 

[0043] developing the heated resist coating With an 
alkaline developer. 

[0044] The present invention is directed to a chemically 
ampli?ed resist composition for forming positive resist 
patterns on a substrate to be fabricated Which composition, 
after coating and selective exposure to a patterning radiation, 
can be developed With a conventional alkaline solution. In 
particular, in one aspect thereof, the present invention is 
directed to a chemically ampli?ed resist composition Which 
comprises (I) a ?lm-forming polymer or copolymer contain 
ing in a side chain of the monomer unit thereof the protected 
alkaline-soluble group, such as carboxyl group protected 
With the above-mentioned lactone moiety, said polymer or 
copolymer being insoluble in an alkaline solution such as an 
aqueous alkaline solution, hoWever, being able to exhibit a 
good solubility upon cleavage of a protective moiety from 
the alkali-soluble group, and (II) a photoacid generator 
(PAG) capable of generating an acid upon decomposition 
thereof as a result of absorption of the patterning radiation, 
the acid being able to cause said cleavage of the protective 
moiety from the alkali-soluble group. The mechanism of the 
chemical ampli?cation in this resist composition Will be 
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explained hereinafter referring to the ?lm-forming polymer 
containing a carboxyl group protected With the lactone 
moiety. 

[0045] Upon exposure of the resist coating to a patterning 
radiation, PAG in the resist composition constituting said 
resist coating can absorb an energy from said patterning 
radiation and generate an acid. The acid generated from PAG 
can catalytically act against the ?lm-forming polymer during 
heating, i.e., post-exposure baking (PEB), of the exposed 
resist coating. Thus, the folloWing reactions are observed in 
the exposed areas of the resist coating: 

C R 
0% \O ) 

I‘ by 

O + PAG T> 

O 

@l R 
+ b + ( )n f C H 

0% \OH O O 

[0046] In the resist composition including the above 
referenced composition of the present invention, since a 
functional group capable of being easily cleaved upon 
heating of the composition in the presence of an acidic 
catalyst Was introduced into an ester portion of the monomer 
unit of the ?lm-forming polymer as a principal component 
of the composition, a protonic acid can be regenerated 
through said cleavage of the functional group, thus enabling 
increase of the sensitivity. Further, since a carboxylic acid is 
produced after cleavage of the functional group, the exposed 
areas of the resist coating can exhibit a good solubility in the 
alkaline solution. Namely, the initially alkali-insoluble resist 
coating can be developed With an alkali solution after 
exposure folloWed by heating. After development, the thus 
obtained resist patterns are positive-Working, because the 
exposed areas of the resist coating are dissolved and 
removed With the alkaline solution. Note also that sWelling 
of the resist patterns can be avoided in the patterning process 
of the present invention, because the formation of the 
patterns relies upon variation of the polarity caused in said 
polymer. 

[0047] Further, When the ?lm-forming polymer used as a 
principal component in the resist composition of the present 
invention is in the form of a copolymer comprising at least 
?rst and second monomer units, it is possible to design that 
a functional group capable of being easily cleaved upon 
heating of the resist coating in the presence of an acid 
catalyst is introduced into an ester portion of the ?rst 
monomer unit and at the same time, a similar functional 
group is introduced into the second monomer unit. In such 
a case, since double functional groups can be simultaneously 
cleaved from the copolymer as a function of the acid 
catalytic reaction, it is expected to simultaneously attain 
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both higher sensitivity and higher resolution in comparison 
With the copolymer containing the functional group on only 
one monomer unit. 

[0048] In the chemically ampli?ed resist composition of 
the present invention, in addition to the lactone moiety 
referred to in the above explanation concerning the chemical 
ampli?cation, the alicyclic hydrocarbon or alicyclic hydro 
carbon group-containing moiety (brie?y referred hereinafter 
to as “alicyclic hydrocarbon moiety”) can effectively act as 
the protective group or moiety for the alkali-soluble group 
such as carboxyl group, if it is contained in the ?lm-forming 
compound including a polymer or copolymer. It is consid 
ered that due to the strong hydrophobic nature thereof, the 
alicyclic hydrocarbon moiety can inhibit dissolution of the 
exposed areas of the resist coating in an alkaline solution in 
the developing process. Thus, it is contemplated in the resist 
composition to introduce an alicyclic hydrocarbon moiety as 
a cleavable protective group into the ?lm-forming com 
pound to form a protected alkali-soluble group capable of 
being released from the resist structure upon action of an 
acid, and to expose and bake the resist coating to thereby 
release the alicyclic hydrocarbon moiety folloWed by 
removing the same from the exposed areas of the coating. 

[0049] HoWever, since it has a ring structure, the alicyclic 
hydrocarbon moiety can be linked only at the restricted 
angle to the ?lm-forming compound, and accordingly it is 
dif?cult to produce a double bond-containing compound 
after cleavage of said moiety, and it is also dif?cult to induce 
the cleavage reaction itself. The above problems are serious, 
and to solve these problems, as brie?y described herein 
above, the inventors have found it to be effective, if the 
described moiety of the above formula (II) containing an 
alicyclic hydrocarbon group and a suitable loWer alkyl 
substituent substituted at the position of the carbon atom 
constituting a ring skeleton of said alicyclic hydrocarbon 
group is introduced as at least a portion of the cleavable 
protective group to the resist compound to thereby make the 
cleavable protective group have an ester structure. Namely, 
it has been found that, making the cleavable protective group 
an ester structure facilitates cleavage of the protective group. 
Although the inventors do not Wish to restrict the chemical 
ampli?cation of the present invention to those groups of the 
beloW mentioned, it is thought that the protective group can 
be easily cleaved from the resist compound, because the 
formation of a double bond upon cleavage of the protective 
group is restricted to a speci?c site, i.e., an outer portion of 
the alicyclic ring shoWing a diminished “strain of linkage”. 

[0050] Thus, the resist material containing the moiety of 
the above formula (II) can induce the intended cleavage 
reaction in Which a protonic acid generated upon exposure 
acts as a catalyst, thereby removing the alicyclic group from 
said moiety, along With production of a carboxylic acid and 
similar product. Accordingly, in the exposed areas of the 
resist material, a dissolution-inhibiting effect of the alicyclic 
group disappears, and the exposed areas become easily 
soluble in an alkali solution. As a result, it becomes possible 
to smoothly conduct the development process of the resist 
material, and attaining the intended stable patterning char 
acteristics. 

[0051] Further, it is thought that in the chemically ampli 
?ed resist material in Which an alicyclic hydrocarbon group 
is directly bonded to a carbon atom constituting the ring 
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structure to form an ester structure, it is dif?cult to fully 
diminish the rigidity due to presence of the alicyclic hydro 
carbon group. It is also thought that such undesirable rigidity 
is one cause of cracking or peeling in the resist patterns, for 
example, When a thickness of the resist coating is increased, 
i.e., When strain is liable to be produced during develop 
ment. To solve these problems, the inventors found that if 
the cleavable protective groups represented by the above 
formulae (III) to (VII) are introduced into the resist struc 
ture, they Will produce satisfactory results. Namely, in the 
structure of these cleavable protective groups, at least one 
alicyclic hydrocarbon group is contained, hoWever, it is 
distinguished from the above mentioned moiety of the 
formula (II) in that an ester structure is produced through at 
least one or more atoms bonded to a carbon atom consti 

tuting the ring structure. The atom through Which the ester 
structure is produced is generally a carbon atom, hoWever, it 
is not restricted insofar as the intended cleavage function is 
attained, and includes, for example, oxygen, nitrogen, sulfur 
and the like. Although it does not restrict the present 
invention, the inventors understand that according to the 
present invention, a rigidity of the resist structure can be 
moderated as a result of positioning the alicyclic hydrocar 
bon group in a site remote from the main chain of the resist 
structure, namely, introduction of the cleavable protective 
group having an ester structure With the indirectly bonded 
ring structure. 

[0052] Thus, the resist material containing the moiety of 
any one of the above formulae (III) to (VII) can induce the 
intended cleavage reaction in Which a protonic acid gener 
ated upon exposure acts as a catalyst, thereby removing the 
alicyclic group from said moiety, along With production of 
a carboxylic acid and similar product. Accordingly, in the 
exposed areas of the resist material, the dissolution-inhibit 
ing effect of the alicyclic group disappears, and the exposed 
areas become easily soluble in an alkali solution. As a result, 
it becomes possible to smoothly conduct the development 
process of the resist material, and attaining the intended 
stable patterning characteristics. The above processes and 
functions are substantially the same as those of the moiety 
of the above formula (II), hoWever, for this particular resist 
material, in addition to the described processes and func 
tions, it is expected that the rigidity of the resulting resist 
coating is moderated and therefore an adverse effect of the 
strain on the resist coating during development is dimin 
ished. Because of these excellent functions, it becomes 
possible to prevent cracking or peeling-off of the resist 
patterns during development, and accordingly, to obtain 
stable patterning characteristics. 

[0053] In addition, according to one aspect thereof, the 
present invention provides an alkali-developable, chemi 
cally ampli?ed resist composition for forming resist patterns 
Which comprises: 

[0054] I. an alkali-insoluble compound having a 
structural unit a containing a protected alkali-soluble 
group in Which unit a protective moiety of said 
protected alkali-soluble group is cleaved upon action 
of an acid generated from a photoacid generator used 
in combination With said compound, thereby releas 
ing said protective moiety from the alkali-soluble 
group and converting said compound to an alkali 
soluble one, said alkali-soluble group being pro 
tected With an alicyclic hydrocarbon group-contain 
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ing moiety represented by the following formulae 

[0056] R1‘ is a methyl, ethyl, propyl or isopropyl 
group Which may be substituted or unsubstituted, 
and 

[0057] Z represents atoms necessary to complete an 
alicyclic hydrocarbon group along With a carbon 
atom to Which said —CH2—R1‘ is bonded; and 

[0058] II. a photoacid generator capable of being 
decomposed upon eXposure to a patterning radiation 
to thereby produce an acid capable of causing cleav 
age of said protective moiety. 

[0059] According to another aspect thereof, the present 
invention provides a process for the formation of resist 
patterns Which comprises the steps of: 

[0060] coating the above-described chemically 
ampli?ed resist composition containing the moiety 
represented by the above formula (11‘) according to 
the present invention on a substrate to be fabricated 
in order to form a resist coating thereon; 

[0061] selectively eXposing said resist coating to a 
patterning radiation capable of causing generation of 
an acid from said photoacid generator; 

[0062] heating the eXposed resist coating to a tem 
perature at Which the cleavage of said protective 
moiety is induced; and 

[0063] developing a latent image in the eXposed and 
heated resist coating With an alkaline developer. 

[0064] According to the present invention, as a result of 
use of the chemically ampli?ed resist composition contain 
ing the moiety represented by the above formula (II‘), it 
becomes possible to obtain a high sensitivity (beloW 5 
mJ/cm2) required for the ArF lithography, and also stable 
patterning properties. In addition to these advantages, 
according to the present invention, if the resist composition 
is used in combination With a speci?c developing solution 
such as an aqueous or alcoholic solution of speci?c ammo 
nium compound or morpholine compound, it becomes pos 
sible to control a compatibility of the developing solution 
With the resist composition and solubility of the composition 
in the developing solution to thereby moderate a generated 
stress in the resist composition during development, thereby 
diminishing cracking and peeling off of the resist patterns. 
Further, since the eXposure margin can be eXpanded, it 
becomes possible to stably form ?ne resist patterns. 

BRIEF DESCRIPTION OF THE DRAWING 

[0065] FIG. 1 is an IR absorption spectrum illustrating an 
eXposure dose dependency of chemically ampli?ed resist 
composition according to the present invention; and 
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[0066] FIG. 2 is a graph illustrating a degree of shrinkage 
for various 2-alkyl-AdMA homopolymers With different ArF 
exposure doses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0067] The inventors have found that the above-discussed 
problems of the prior art resist materials can be solved, if a 
protected alkali-soluble group is introduced into a side chain 
(not skeleton) of the ?lm-forming compound including the 
polymer or copolymer used as a principal component of the 
chemically ampli?ed resist composition, and the described 
lactone moiety or alicyclic hydrocarbon or alicyclic hydro 
carbon group-containing moiety is used for a protective 
group or moiety of said protected alkali-soluble group. 

[0068] In one aspect thereof, the present invention resides 
in an alkali-developable, chemically ampli?ed resist com 
position for forming resist patterns Which comprises: 

[0069] I. an alkali-insoluble, ?lm-forming compound 
having a structural unit containing a protected alkali 
soluble group in Which unit a protective moiety of 
said protected alkali-soluble group is cleaved upon 
action of an acid generated from a photoacid gen 
erator used in combination With said compound, 
thereby releasing a protective moiety from the alkali 
soluble group and converting said compound to an 
alkali-soluble one; and 

[0070] II. a photoacid generator capable of being 
decomposed upon eXposure to a patterning radiation 
to thereby produce an acid capable of causing cleav 
age of said protective moiety. 

[0071] In the ?lm-forming compound used as a principal 
component of the resist composition according to the present 
invention, the protected alkali-soluble group is contained in 
the structural unit thereof, particularly a side chain thereof. 
EXamples of suitable alkali-soluble groups for forming the 
protected alkali-soluble group, although they are not 
restricted to those beloW-mentioned, include a carboXylic 
acid group, sulfonic acid group, amide group, imide group, 
phenol group, thiol group, aZalactone group and hydroXy 
oXime group. 

[0072] The above-described alkali-soluble group has to be 
initially protected for the purpose of inhibiting dissolution of 
said ?lm-forming compound in an alkali, and the protective 
moiety for said alkali-soluble group is preferably selected 
from the moieties consisting of (1) a lactone moiety (A) 
represented by the folloWing formula (I), and (2) an alicyclic 
hydrocarbon or alicyclic hydrocarbon group-containing 
moiety (B) represented by any one of the folloWing formulae 
(II) to (VII). 

(1) 
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[0073] 
tuted, straight chain or branched chain alkyl group of 1 to 4 

in Which RI represents a substituted or unsubsti 

carbon atoms such as methyl group, ethyl group and propyl 

group, and 

[0074] n represents an integer of 1 to 4. 

[0075] The substituent RI on the carbon atom of the 

above-indicated lactone ring or the beloW-indicated alicyclic 

ring contains 1 to 4 carbon atoms. Higher carbon atoms 

should be avoided, because they do not ensure satisfactory 

cleavage of the protective group from the alkali-soluble 
group, although the hydrophobic nature of the compound is 
increased With an increase of the number of carbon atoms in 

the alkyl group. The alkyl group may be unsubstituted or 

substituted With any substituent. Suitable substituents 

include, for eXample, halogens such as chlorine, ?uorine and 
bromine. Use of substituents having a high polarity should 
be avoided, because they can adversely affect a stability of 
the alkali-soluble group. 

(II) 

[0076] in Which RI is as de?ned above, and 

[0077] Z represents atoms necessary to complete an 
alicyclic hydrocarbon group along With a carbon 
atom to Which said RI is bonded. 

(III) 
Rn 

_ C —RH 

R11 

[0078] in Which RII may be the same or different, and each 
represents a substituted or unsubstituted, straight chain or 
branched chain alkyl group of 1 to 12 carbon atoms or an 

alicyclic hydrocarbon group With the proviso that at least 
one of RII is an alicyclic hydrocarbon group. 

(IV) 
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[0079] in Which RII is as de?ned above. 

(V) 
R111 R111 

T111 
—(|: R111 

Rm 

[0080] in Which RIII may be the same or different, and each 
represents a proton, a substituted or unsubstituted, straight 
chain or branched chain alkyl group of 1 to 12 carbon atoms 
or an alicyclic hydrocarbon group With the proviso that at 
least one of RIII is an alicyclic hydrocarbon group and, in the 
above formula, at least one of tWo RIII is a substituted or 

unsubstituted, straight chain or branched chain alkyl group 
of 1 to 12 carbon atoms or an alicyclic hydrocarbon group. 

(VI) 

Rn I‘SII O 

R11 

[0081] in Which RII is as de?ned above. 

(VII) 
R 

H I\ —C—O—_C \ 
Z. 

[0082] in Which RI and Z are as de?ned above. 

[0083] The alkali-insoluble, ?lm-forming compound 
Which is sensitive to an acid generated from the photoacid 
generator used in combination With said ?lm-forming com 
pound includes a Wide variety of compounds ranging from 
loW molecular Weight compounds to high molecular Weight 
compounds, and they may be used alone or as a mixture of 
tWo or more compounds. Generally, the ?lm-forming com 
pound can be classi?ed into tWo groups, i.e., (1) a polymer 
or copolymer comprising said structural unit as a repeating 
unit thereof, and (2) a nonpolymeric compound Which is 
used in combination With one or more alkali-soluble poly 

mer or copolymer. 

[0084] Said ?lm-forming compound may be in the form of 
a polymer or copolymer. The polymer may be a homopoly 
mer consisting essentially of a single monomer unit or a 
copolymer comprising tWo or more monomer units such as 

dimer, terpolymer and the like. Suitable monomer units for 
the polymer or copolymer, although they are not restricted to 
those beloW-mentioned, include (meth)acrylic acid esters 
and derivatives thereof, itaconic acid esters and derivatives 
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thereof, fumaric acid esters and derivatives thereof, vinyl 
phenols and derivatives thereof, N-substituted maleimides 
and derivatives thereof, styrene substituents and derivatives 
thereof as Well as monomeric units containing tWo or more 

or polycyclic cycloaliphatic hydrocarbon moieties. In the 
monomeric units containing tWo or more or polycyclic 
cycloaliphatic hydrocarbon moieties, the cycloaliphatic 
hydrocarbon moieties are preferably adamantyl group, nor 
bornyl group and similar groups. It should be noted that 
When the ?lm-forming compound is in the form of the 
polymer, said polymer may contain tWo or more protected 
alkali-soluble groups in the same monomer unit, if desired, 
and that When the ?lm-forming compound is in the form of 
the copolymer, said copolymer may contain tWo or more 
protected alkali-soluble groups, in combination, in the same 
or different monomer units, if desired. 

[0085] When said ?lm-forming compound is in the form 
of copolymer, the copolymeric compound is preferably a 
copolymer containing said repeating unit containing the 
protected alkali-soluble group as the ?rst repeating unit, and 
the repeating units of said copolymer other than said ?rst 
repeating unit include a repeating unit containing an unpro 
tected alkali-soluble group in a side chain thereof and/or a 
repeating unit containing in a side chain thereof an addi 
tional protected alkali-soluble group capable of being 
cleaved upon action of the acid generated from said photo 
acid generator. The unprotected alkali-soluble group advan 
tageously used herein, although it is not restricted to those 
beloW-mentioned, includes, a carboXylic acid group, sul 
fonic acid group, amide group, imide group, phenol group, 
acid anhydride group, thiol group, lactonic acid ester group 
(ot-ot,[3-dimethyl-y-butylolactone group), aZalactone group, 
carbonate group, oXaZone group, pyrolidone group, 
hydroXyoXime group, nitrile group, nitro group, aldehyde 
group, acetyl group, hydroXyl group and thioether group. 

[0086] As above mentioned, the ?lm-forming compound 
used as a principal component of the resist composition may 
be in the form of any nonpolymeric compound, if desired, 
and in such a case, the nonpolymeric compound is prefer 
ably used in combination With one or more alkali-soluble 
polymers or copolymers in order to obtain the desired resist 
properties. The alkali-soluble polymer or copolymer suitable 
in this embodiment includes those described herein and 
others. 

[0087] Further, in the resist composition of the present 
invention, the ?lm-forming compound may additionally 
contain one or more similar acid-sensitive compounds, if 
desired. The ?lm-forming compounds useful as an addi 
tional component, although they not restricted to the beloW 
mentioned, include those containing one or more alkali 
soluble groups, typical examples of Which groups Were 
described above With reference to the unprotected alkali 
soluble group in the ?lm-forming copolymer. 

[0088] In the practice of the present invention, the lactone 
moiety (A) of the formula (I) can be advantageously intro 
duced as a protective moiety into the alkali-soluble group of 
the ?lm-forming compound. The lactone moiety may be any 
desired structure, hoWever, preferably, it includes (1)-me 
valonic lactone represented by the folloWing formula: 
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[0089] in Which RI is as de?ned above. Other suitable 
lactone moieties (A) Will be described hereinafter. 

[0090] Similarly, the alicyclic hydrocarbon or alicyclic 
hydrocarbon group-containing moieties (B) of the formulae 
(II) to (VII) advantageously introduced as the protective 
moiety in the practice of the present invention may be any 
desired structure Which is Well-known in the ?eld of chemi 
cally ampli?ed resist compositions, and the alicyclic hydro 
carbon group of said alicyclic moieties (B) is preferably one 
member selected from the group consisting of: 

[0091] (1) adamantane and derivatives thereof; 

[0092] (2) norbornane and derivatives thereof; 

[0093] (3) perhydroanthracene and derivatives 
thereof; 

[0094] (4) perhydronaphthalene and derivatives 
thereof; 

[0095] (5) tricyclo[5. 2. 1. 02’6]decane and deriva 
tives thereof; 

[0096] (6) bicycloheXane and derivatives thereof; 

[0097] (7) spiro[4. 4]nonane and derivatives thereof; 

[0098] (8) spiro[4. 5]decane and derivatives thereof; 
and 

[0099] (9) bicyclo[2. 2. 2]octane and derivatives 
thereof. 

[0100] These compounds have the folloWing structures: 

(1) 

(2) 

(3) 
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-continued 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

wages 
[0101] In the practice of the present invention, the above 
described and other alicyclic hydrocarbon moieties (B) 
Which contain tWo or more ring structures or condensed 

rings can be advantageously used, because if the alicyclic 
moiety (B) contains only a single ring, i.e., it is a cycloheXyl 
group, for example, a satisfactory resistance to dry etching 
cannot be obtained. Further, among the above-indicated 
examples of suitable alicyclic hydrocarbon groups for said 
alicyclic moieties (B), if it is intended to obtain an eXcellent 
resistance to dry etching equivalent to or higher than that of 
the conventional novolak resists, it is more preferred to use 
the alicyclic hydrocarbon moieties (B) containing con 
densed ring(s). 

[0102] More particularly, suitable alicyclic moieties (B) 
include, for eXample, 2-alkyl-2-adamantyl represented by 
the folloWing formula: 

RI 

[0103] in Which RI is as de?ned above, and the moieties of 
the folloWing formulae: 
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[0104] in Which RI and RII are as de?ned above. Still other 
suitable moieties (B) Will be described hereinafter. 

[0105] The alkali-soluble group to be temporarily pro 
tected by said protective moiety is preferably a member 
selected from the group consisting of a carboXylic acid 
group, sulfonic acid group, amide group, imide group, 
phenol group, thiol group, aZalactone group and hydroXy 
oXime group. 

[0106] For eXample, the carboXylic acid group as the 
alkali-soluble group is a unit capable of producing a car 
boXylic acid upon cleavage of the protective moiety there 
from as a result of the action of the acid, and includes, for 
eXample, tertiary carbon esters such as t-butylester, t-amy 
lester and ot,(x-dimethylbenZylester, acetal esters such as 
tetrapyranylester, [3-oXyketone esters such as 3-oXycyclo 
heXylester, and others. Suitable protective moieties for these 
carboXylic acid groups and other alkali-soluble groups 
include, for eXample, tertiary hydrocarbon groups such as 
t-butyl group or [3-oxyketone groups such as 3-oXocyclo 
heXyl group, cyclic [3-hydroxyketone groups such as meva 
lonic lactone group, and others. 

[0107] More particularly, assuming that the alkali-soluble 
group is a carboXylic acid group, the protected carboXylic 
acid group is preferably represented by any one of the 
folloWing formulae (VIII) to (XIII): 

(VIII) 

0 

*5 
(VIII) 

O 

)k R O 

()n 

O O 
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- co ntinued 

(IX) 

0 IIII 
C’ ' i ‘I 

0/ I‘ Z‘ 

(X) 
0 RII 
|| | 

— c— o— (|:—RH 

RII 

(XI) 

TH 
O 0 

II | 
— c— o— c—RII 

(XII) 
RIII RIII 

O RIII 

|| |/ \ 
— C— O — C R111 

RIII 

(XIII) 
RII RII O O 

II | I ll 

RII 

[0108] in Which RI, RII and Rm, Z as Well as n each is as 
de?ned above. 

[0109] Assuming that the alkali-soluble group is a sulfonic 
acid group, the protected sulfonic acid group is preferably 
represented by the following formula (XIV) or (XV): 

[0110] in Which RI, Z and n each is as de?ned above. 

[0111] Assuming that the alkali-soluble group is an irnide 
group, the protected irnide group is preferably represented 
by the following formula (XVI) or (XVII): 
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(XVI) 
0 

R1 
N H 

\O O 

O 

O 

(XVII) 
O 

N—c—o—c' ‘: 
‘.1 _z' 

O 

[0112] in Which RI, Z and n each is as de?ned aboVe. 

[0113] Assuming that the alkali-soluble group is a phenol 
group, the protected phenol group is preferably represented 
by the folloWing forrnulae (XVIII) or (XIX): 

(XVIII) 

(XIX) 

[0114] 
[0115] In the aboVe-indicated protected alkali-soluble 
groups eXcept for those containing the lactone ring, the 
alicyclic hydrocarbon group completed by Z atorns may 
include any hydrocarbon groups, preferably those contain 
ing a ring structure With one or more rings or a condensed 
ring. The alicyclic hydrocarbon group may be unsubstituted 
or substituted With any conVentional substituent. Some 
typical examples of suitable alicyclic hydrocarbon groups 
Were indicated aboVe With reference to the structure thereof. 
Most preferably, the alicyclic hydrocarbon group used as the 
protectiVe group is adarnantane and deriVatiVes thereof. 

in Which RI, Z and n each is as de?ned aboVe. 

[0116] The alkali-insoluble, ?lm-forming cornpounds, 
particularly ?lm-forming polymers or copolyrners, effec 
tiVely used as a principal component or basic resin in the 
chemically arnpli?ed resist composition according to the 
present inVention Were described particularly With reference 
to the alkali-soluble groups and the protectiVe rnoieties for 
said groups, both included in the structure of said corn 
pounds. The ?lm-forming cornpounds useful in the resist 
composition of the present inVention Will be further 
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described particularly With reference to the ?lm-forming 
polymers or copolymers Which can be advantageously used 
in the present invention. Note that the following descriptions 
Will be made ?rst With reference to the lactone moiety 
(A)-containing polymers or copolymers, and then With ref 
erence to the alicyclic moiety (B)-containing polymers or 
copolymers, hoWever, the descriptions may be generally 
applied to both types of the polymers or copolymers, unless 
otherWise speci?ed. 

[0117] The ?lm-forming polymers or copolymers contain 
ing the lactone moiety (A) as a protective moiety for the 
alkali-soluble group are not restricted When they are used in 

the resist composition of the present invention, insofar as 
they can satisfy the above-mentioned requirements for the 
basic resin, particularly the requirements for ensuring the 
above-described mechanism of chemical ampli?cation. If it 
is desired to obtain an eXcellent resistance to dry etching 
equivalent to at least that of a conventional novolak resin, 
suitable polymers or copolymers include, for eXample, those 
containing (meth)acrylate monomer unit, vinyl phenol 
monomer unit, N-substituted maleimide monomer unit, sty 
rene monomer unit and others solely or in combination. 

Especially, use of the (meth)acrylate polymers or copoly 
mers is recommended, because such polymers or copoly 
mers can exhibit a diminished absorption of the radiation 

having Wavelengths in the deep ultraviolet region, When 
deep ultraviolet radiation is used as an eXposure source. In 

other Words, using deep ultraviolet radiation as an eXposure 
source, it is generally desired to use speci?c polymers or 
copolymers having no aromatic rings capable of absorbing 
the radiation in the range of the deep ultraviolet region to a 
great eXtent or having no conjugated double bonds and other 
chromophores shoWing a large molar absorption coef?cient. 

[0118] Further, if any radiation in the range of ultrashort 
Wavelengths such as an argon ?uoride eXcimer laser 

is used as the eXposure source, it is recommended to use 

speci?c ?lm-forming polymers or copolymers Which are 
basically similar to those described above, and, in addition, 
Which do not contain any aromatic ring shoWing a high 
absorption of the laser light, but, hoWever, contain an ester 
moiety With tWo or more or polycyclic alicyclic hydrocarbon 
groups shoWing a high resistance to dry etching, for 
eXample, adamantyl or norbornyl groups. Particularly suit 
able polymers or copolymers for this purpose include (meth 
)acrylate polymers or copolymers containing the described 
alicyclic moiety. Typical examples of suitable alicyclic 
moieties have been described above along With the structural 
formulae thereof. 

[0119] Furthermore, the molecular Weight (Weight average 
molecular Weight, MW) of the (meth)acrylate and other 
?lm-forming polymers or copolymers used in the resist 
composition of the present invention may be Widely varied, 
depending upon various factors such as the desired proper 
ties of the resist patterns. Generally, the polymers or copoly 
mers used herein have a molecular Weight in the range of 

2,000 to 1,000,000, more preferably 3,000 to 50,000. 

[0120] More particularly, the ?lm-forming polymers 
advantageously used in the practice of the present invention 

Jun. 14, 2001 

include the polymers (1) to (7) described hereinafter, 
although the present invention should not be restricted to 
these polymers. Note in the described formulae of the 
?lm-forming polymers that m is the number of monomer 
units or repeating units necessary to obtain the intended 
Weight average molecular Weight, LAC represents the 
above-described lactone moiety of the formula (I), and X 
represents any substituent such as a hydrogen atom, a 
halogen atom such as chlorine and bromine, a loWer alkyl 
group such as methyl and ethyl, a cyano group and others. 

[0121] (1) (meth)acrylate polymer 

LAC 

[0122] (2) vinyl phenol polymer 

CHZCO —LAC 

[0123] (3) fumarate polymer 

[0124] in Which R‘ represents either LAC or an alkoXy 
group such as methoXy, isopropoXy or t-butoXy, an aryloXy 
group such as phenoXy or benZyloXy, and others. 

[0125] (4) vinylbenZoate polymer 
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[0126] (5) norbornene carboXylate polymer 

LAC 

[0127] (6) itaconate polymer 

[0128] in Which R‘ is as de?ned above. 

[0129] (7) maleate polymer 

[0130] in Which R‘ is as de?ned above. 

[0131] Further, as Will be appreciated from the above 
descriptions concerning the ?lm-forming compounds in the 
form of polymer or copolymers that the monomer unit (?rst 
monomer unit) constituting said polymers (1) to (7) may be 
used in combination With one or more suitable monomer 

units Which may be the same or different from said ?rst 

monomer unit, to form any desired copolymers such as tWo 
component copolymer, terpolymer and the like. 

[0132] The ?lm-forming copolymers advantageously used 
in the practice of the present invention, if they are shoWn 
With reference to those based on the above-described (meth 
)acrylate polymers, include the copolymers represented by 
the folloWing formulae and (XXI): 
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[0134] R1 represents a hydrogen atom or any sub 
stituent such as halogen atom, alkyl group or methy 
lol group, 

[0135] Y represents any substituent, for eXample, 
alkyl group such as t-butyl, alicyclic group such as 
adamantyl, norbornyl, cycloheXyl and tricyclo [5. 2. 
1. 0] decane, 

B re I‘GSGHIS any substituent SllCh 21S carboXyl p 
group, 

[0137] l and m each represents a molar ratio of each 
monomer unit, and the sum of l and m is 1, and 

[0138] X and LAC each is as de?ned above. 

[0139] Furthermore, it should be noted that among the 
above-mentioned (meth)acrylate polymers, the speci?c 
(meth)acrylate polymers found by the inventors, i.e., (meth 
)acrylate polymers containing (1)-mevalonic lactone (meth 
)acrylic acid ester as a constitutional component thereof, are 
novel. 

[0140] These and other (meth)acrylate polymers as Well as 
other polymers and copolymers of the present invention can 
be prepared in accordance With the conventional polymer 
iZation methods Well-known in polymer chemistry. For 
eXample, the (meth)acrylate polymers and copolymers, as 
Will be described in detail in the beloW-mentioned examples, 
can be advantageously prepared by conducting a free-radical 
polymeriZation of one or more starting monomers in the 
presence of 2,2‘-aZobisisobutylonitrile (AIBN) as a free 
radical initiator. Similarly, the ?lm-forming polymers and 
copolymers other than the (meth)acrylate polymers and 
copolymers can be prepared in accordance With Well-known 
polymeriZation methods. 

[0141] When the ?lm-forming polymers are especially in 
the form of copolymers, a ratio or content of the monomer 
unit containing the above-mentioned lactone moiety (A) of 
the formula (I) in the total amount of the copolymer is 
preferably in the range of 20 to 70% by Weight. Acontent of 
less than 20% by Weight should be avoided, because it does 
not ensure satisfactory patterning of the resist coating. On 
the other hand, a content higher than 70% by Weight Will 
modify the copolymer so that it can be dissolved in an 
alkaline solution. More preferably, the content of the lactone 
moiety (A)-containing monomer unit is in the range of 30 to 
60% by Weight. 

[0142] Moreover, the inventors have found that When the 
?lm-forming copolymer is used in the resist composition of 
the present invention, it is also preferred to constitute the 
copolymer so that one monomer unit of the copolymer is the 
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unit containing the protected alkali-soluble group, and 
another monomer unit to be copolymeriZed With said mono 

mer unit contains additional protected alkali-soluble group 
in the structure thereof, as previously mentioned. Namely, 
the ?lm-forming copolymer may contain a second monomer 
unit containing second protected alkali-soluble group, in 
addition to a ?rst monomer unit containing a ?rst protected 

alkali-soluble group such as the carboXyl group protected 
With the lactone moiety (A), and such combination of the 
?rst and second monomer units is advantageously applied in 
the formation of the ?lm-forming copolymer used in the 
present invention. Note that, as previously mentioned, the 
above-mentioned second monomer unit may include any 

desired structure, hoWever, the second monomer unit is 
preferably the monomer unit, a side chain of Which unit 
contains an additional carboXyl group Which further contains 
a protective moiety capable of being cleaved upon action of 
an acid generated from a photoacid generator also contained 
in the resist composition, the protective moiety being pref 
erably the alicyclic moiety (B) such as the moiety of the 
above formula (II). In the second monomer unit, the second 
protected alkali-soluble group may include any desired 
structure, and preferably it can be that of the above formula 

(VII). 
[0143] More particularly, the ?lm-forming copolymers in 
Which each monomer unit contains the protected alkali 
soluble group and Which can be advantageously used in the 
practice of the present invention preferably include the 
copolymer represented by the folloWing formula (XXII): 

(XXII) 

I T1 
—€CH2—(|HH.—€CH2—(|H1— 

O=C O=C 
\O R \0 R1 

0 

[0144] in Which 

[0145] R, RI, R1, X, m and I each is as de?ned above, 
and 

[0146] the substituents R1 and X attached to carbon 
atoms of the main chain may be the same or different 

and preferably represents a hydrogen atom or a loWer 
alkyl group such as methyl. 

[0147] Accordingly, the ?lm-forming copolymer Which 
can be more advantageously used in the practice of the 
present invention is a copolymer of methacrylic acid (1) 
mevalonic lactone and methacrylic acid 2-methyl-2-ada 
mantyl represented by the folloWing formula (XXIII): 
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Me Me \O \O 

O 

[0148] in Which Me represents a methyl group With the 
proviso that the substituent Me attached to a carbon atom of 
the main chain may be a hydrogen atom, if desired, and 

[0149] m and I each is as de?ned above. In the 
above-mentioned and other similar copolymers, a 
highly improved resistance to dry etching (RIE resis 
tance) can be accomplished, because they contain an 
adamantyl group in an ester portion thereof. Further, 
if it is desired to obtain eXcellent RIE resistance 
equivalent to that of the conventional novolak 
resists, it is necessary to adjust the content of the 
second monomer unit, i.e., methacrylic acid 2-me 
thyl-2-adamantyl unit, in the copolymer to about 
50% by mole. Further, since no aromatic ring shoW 
ing a strong absorption of ultrashortWave radiation is 
included in the structure of the copolymer, the 
described copolymer can exhibit an eXcellent trans 
parency to radiation in the ultrashort region (193 nm) 
such as ArF eXcimer laser light. 

[0150] In the above-mentioned ?lm-forming copolymer, 
generally, the content of the ?rst monomer unit, i.e., meth 
acrylic acid (:)-mevalonic lactone ester, is preferably about 
20 to 70% by Weight, more preferably about 30 to 60% by 
Weight. And, generally, the content of the second monomer 
unit, i.e., methacrylic acid 2-methyl-2-adamantyl, in the 
described copolymer is preferably about 20 to 80% by 
Weight, more preferably about 30 to 70% by Weight. As 
previously explained, if each monomer unit is included in an 
amount beloW or above the described limit, some draWbacks 
Will result such as dif?culty in obtaining satisfactory resist 
patterns and developing the eXposed resist coating With an 
alkaline solution. 

[0151] In addition, the mechanism in the chemical ampli 
?cation in the above-described ?lm-forming copolymer con 
taining the ?rst and second monomer units is substantially 
identical With that of the ?lm-forming polymer containing, 
in a side chain of the monomer unit thereof, the protected 
alkaline-soluble group, i.e., carboXyl group protected With 
the lactone moiety, described above, eXcept that another 
chemical ampli?cation reaction based on the second mono 
mer unit is added to the chemical ampli?cation reaction 
based on the ?rst, lactone moiety-containing monomer unit. 

[0152] Namely, the (meth)acrylate polymers are Well 
knoWn to be highly transparent to radiation in the deep 
ultraviolet region. Further, since neither of its tWo ester 
portions, included in the structure thereof, contains a chro 



US 2001/0003640 A1 

mophore showing a large molar absorption coef?cient at the 
Wavelength of 190 to 250 nm, if it is used in combination 
With a speci?c compound, ie a so-called “photoacid gen 
erator” (PAG) capable of being decomposed upon absorp 
tion of suitable level of patterning radiation, thereby pro 
ducing an acid Which can then cleave said ester portions, the 
copolymer of methacrylic acid (:)-mevalonic lactone and 
methacrylic acid 2-methyl-2-adamantyl represented by the 
above formula (XXIII) can act as a high sensitivity resist 
Which can be advantageously subjected to patterning radia 
tion in the range of deep ultraviolet radiation. 

[0153] Upon exposure of the resist coating to the pattern 
ing radiation, the PAG in the resist composition of the resist 
coating can absorb an energy from said patterning radiation 
and generate an acid. The acid generated from the PAG can 
catalytically act against the ?lm-forming copolymer during 
post-exposure baking (PEB), of the exposed resist coating. 
Thus, the folloWing reactions are observed in the exposed 
areas of the resist coating: 

0 +PAG %, 

0 

Me 

+ H” 

O 

+ c 0% 0% \OH 

+ PAG 

[0154] PC: main chain of the copolymer 

[0155] In the above-described ?lm-forming copolymer, 
since a functional group capable of being easily cleaved 
upon heating of the composition in the presence of an acidic 
catalyst Was introduced into an ester portion of the monomer 
units of the copolymer, a protonic acid can be regenerated 
through said cleavage of the functional group, thus enabling 
increase of the sensitivity. Further, since a carboxylic acid is 
produced after cleavage of the functional group, the exposed 
areas of the resist coating can exhibit a good solubility in an 
alkaline solution. Namely, the initially alkali-insoluble resist 
coating can be developed With an alkali solution after 
exposure folloWed by heating. After development, the thus 
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obtained resist patterns are positive-Working, because the 
exposed areas of the resist coating are dissolved and 
removed With the alkaline solution. Note also that sWelling 
of the resist patterns can be avoided in the patterning process 
of the present invention, because the formation of the resist 
patterns relies upon a variation in the polarity in said 
copolymer. 

[0156] The inventors have further found that the chemi 
cally ampli?ed resist composition according to the present 
invention can be also de?ned With reference to a transmit 
tance measured through a 1 pm-thick coating of said resist 
composition on a quartZ substrate at a Wavelength of 180 to 
300 nm, ie in the deep ultraviolet region, of exposure 
radiation. The resist composition of the present invention 
preferably exhibits a transmittance of at least 30%, When 
measured through a 1 pm-thick coating of said resist com 
position on a quartZ substrate at a Wavelength of 180 to 300 
nm, i.e., in the deep ultraviolet region, of exposure radiation. 

[0157] The above requirement concerning the transmit 
tance of at least 30% at the exposure Wavelength is impor 
tant in the resist design, i.e., the constitution of the resist 
composition of the present invention. Accordingly, in the 
resist composition of the present invention, Which is 
expected to be patternWise exposed to the radiation in the 
deep ultraviolet region, it becomes necessary to use as the 
?rst monomer unit of the copolymer to be included in the 
resist composition a monomer unit Which contains at least 
one carbon-carbon double bond Which does not concern 

itself With any polymerization reaction, but can be 
crosslinked, exhibits a loW absorption at the exposure Wave 
length, and is able to be copolymeriZed With an acrylic acid 
or methacrylic acid ester so that the transmittance of the 
copolymer at the exposure Wavelength (the transmittance 
measured through a 1 pm-thick resist coating on a quartZ 
substrate; the “transmittance” referred to hereinafter means 
a value measured under this condition) amounts to 30% or 
more. For example, it is contemplated to use monomers in 
Which no aromatic ring capable of highly absorbing deep 
ultraviolet radiation and/or chromophore of higher molar 
absorptivity, such as conjugated double bond, is contained. 

[0158] As an alternative to using the above-described 
lactone moiety (A)-containing polymers or copolymers, the 
alicyclic moiety (B)-containing polymers or copolymers can 
be advantageously used in the practice of the present inven 
tion. The ?lm-forming polymers or copolymers containing 
the alicyclic moiety (B) as a protective moiety for the 
alkali-soluble group can be freely selected from a Wide 
variety of polymers or copolymers satisfying the above 
described requirements, depending on various factors such 
as properties of the resist patterns. Suitable ?lm-forming 
polymers or copolymers are generally identical to those 
mentioned above With regard to the lactone moiety (A) 
containing polymers or copolymers, and some typical 
examples thereof, although they are not restricted to those 
beloW-mentioned, include those containing as a repeating 
unit thereof (meth)acrylic acid and derivatives thereof, ita 
conic acid and derivatives thereof, fumaric acid and deriva 
tives thereof, styrene substituent and derivatives thereof, and 
others. These repeating units may be contained solely or in 
combination. The inventors have found that the above-listed 
repeating units, if they are introduced in the polymer or 
copolymer, can provide notable advantages concerning 
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preparation of the polymer or copolymer and coating of the 
resist composition, in comparison to other conventional 
polymers or copolymers. 

[0159] In addition, if desired, the ?lm-forming copoly 
mers for use in the present invention may have associated 
With said repeating unit(s) one or more other repeating units 
such as acrylonitriles, ole?nes, dienes and derivatives 
thereof, although the present invention should not be 
restricted to these repeating units. 

[0160] In the ?lm-forming polymers or copolymers used 
in the present invention, in order to attain a good adhesion 
of the resist composition to the underlying substrate or layer, 
it is more preferred that the polymers or copolymers contain 
a repeating unit Which is by itself soluble in an alkali 
solution, in addition to the essential component, i.e., alkali 
soluble group. Such combination of the repeating units in the 
polymers or copolymers enables the resulting resist compo 
sition to be developed With an alkaline solution, as a 
function of a minor amount of carboXylic acid originated 
from the protected alkali-soluble group, and others. 

[0161] According to one aspect of the present invention, a 
resist composition is provided in Which a ?lm-forming 
compound as a principal component of the composition is in 
the form of a copolymer, and the repeating units of said 
copolymer contain at least one repeating unit selected from 
the repeating unit containing an alkali-soluble group in a 
side chain thereof and the repeating unit containing addi 
tional, protected alkali-soluble group, capable of being 
cleaved upon action of an acid produced from the photoacid 
generator (PAG), in a side chain thereof, in addition to the 
above-mentioned repeating unit containing the alicyclic 
moiety 

[0162] Preferably, the ?lm-forming copolymers useful in 
the resist composition of the present invention have the 
structural unit represented by the folloWing formula 
(XXIV), (XXV) or (XXVI): 

(XXIV) 

(XXV) 

Jun. 14, 2001 

-continued 
(XXVI) 

[0163] in Which 

[0164] R may be the same or different, and each 
represents a hydrogen, halogen or a substituted or 
unsubstituted, straight chain or branched chain alkyl 
group of 1 to 4 carbon atoms, 

[0165] A represents a protective moiety capable of 
being released upon action of said acid, and 

[0166] RI and Z each is as de?ned above. The sub 
stituted or unsubstituted, straight chain or branched 
chain alkyl group of 1 to 4 carbon atoms and the 
protective moiety capable of being released upon 
action of the acid have been already de?ned in the 
above paragraphs. 

[0167] The structural unit represented by the above for 
mula (XXIV) is illustrative of introducing in the structure of 
the copolymer, in combination, a protective group contain 
ing an acyclic moiety such as adamantane or norbornane and 
capable of being cleaved upon eXposure to an acid produced 
from a photoacid generator, and an alkali-soluble carboXylic 
acid group. After eXposure of the resist coating to a pattern 
ing radiation, an eXposed area of the resist coating can be 
smoothly dissolved in an alkaline solution as a developer, 
since said copolymer contains an acidic group in the struc 
ture thereof. Further, the control of the content of the acidic 
group in the copolymer makes the eXposed resist coating 
developable With a currently standardiZed alkaline devel 
oper such as an aqueous solution of 2.38% tetramethylam 
monium hydroXide (TMAH). In this instance, the content of 
the carboXylic acid-containing unit in the copolymer is 
preferably not less than 5% by mole and less than 2% by 
mole. 

[0168] Further, the structural unit represented by the above 
formula (XXV) is illustrative of introducing in the structure 
of the copolymer, in combination, a protective group con 
taining an alicyclic moiety such as adamantane or norbor 
nane and capable of being cleaved upon eXposure to an acid 
produced from a photoacid generator and a conventional 
protective group Which is distinguished from said alicyclic 
moiety-containing protective and Which can be cleaved upon 
eXposure to the acid originated from the photoacid genera 
tor. 

[0169] Furthermore, the structural unit represented by the 
above formula (XXVI) is illustrative of introducing in the 
structure of the copolymer, in combination, a protective 
group containing an alicyclic moiety such as adamantane or 
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norbornane and capable of being cleaved upon exposure to 
an acid produced from a photoacid generator, a conventional 
protective group Which is distinguished from said alicyclic 
moiety-containing protective and Which is able to be cleaved 
upon eXposure to the acid originated from the photoacid 
generator, and an alkali-soluble carboXylic acid group. If the 
resist composition containing the described copolymer is 
intended to be used in eXcimer lithography using ArF 
eXcimer laser light having a Wavelength of 193 nm as an 
eXposure source, it is desired to eXclude aromatic rings from 
the conventional protective group introduced as the second 
component. Using the described structural unit, it becomes 
possible to attain a smooth development of the exposed 
resist coating With an alkaline developer, even if the 
intended cleavage of the protective group could not be 
induced due to any problem. 

[0170] In the above structural units of the formulae 
(XXIV), (XXV) and (XXVI), the substituent RI may include 
methyl, ethyl, and halides thereof such as chloride and 
bromide, as in the above-mentioned instances. Similarly, the 
substituentAmay include the above-described conventional 
protective groups such as quaternary carbon group or [3-oX 
yketone group such as t-butyl, t-amyl, 3-oXycycloheXyl and 
the like. Moreover, the alicyclic hydrocarbon group com 
pleted by the atoms Z may include adamantyl and deriva 
tives thereof, norbornane and derivatives thereof, perhy 
droanthacene and derivatives thereof, perhydronaphthalene 
and derivatives thereof, tricyclo[5. 2. 1. 02’6]decane and 
derivatives thereof, spiro[4. 4]nonane and derivatives 
thereof as Well as spiro[4. 5]decane and derivatives thereof, 
mentioned above With the structures thereof. 

[0171] The ?lm-forming polymers or copolymers useful 
in the present invention Will be further described particularly 
With reference to those containing a carboXylic group as the 
alkali-soluble group. 

[0172] Preferably, the ?lm-forming polymer is (meth 
)acrylate polymer represented by the formula (XXVII): 

[0173] 
[0174] R represents a proton (hydrogen), halogen or 

substituted or unsubstituted alkyl group such as 
methyl, ethyl or methylol, 

in Which 

[0175] A corresponds to the above-mentioned moi 
eties (II) to (VII), and represents a protected alicyclic 
hydrocarbon group, for eXample, adamantyl, nor 
bornyl, cycloheXyl, tricyclo[5. 2. 1. 02>6]decane and 
other alicyclic groups protected With quaternary car 
bon group or [3-oXyketone group such as t-butyl, 
t-amyl, 3-oXycycloheXyl and the like, and 

[0176] n is any positive integer. 
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[0177] And, the ?lm-forming copolymer is preferably 
(meth)acrylate copolymer represented by the formula 
(XXVIII) or Although not shoWn, the (meth)acry 
late terpolymer can be represented by the similar structure 
eXcept for the third repeating unit added. 

[0179] R, A and n each is as de?ned above, 

[0180] Y represents any substituent such as, prefer 
ably, an alkyl group, for eXample, t-butyl and the 
like, an ether group, for eXample, phenoXy and the 
like, an alicyclic hydrocarbon group, for eXample, 
ad6amantyl, norbornyl, cycloheXyl, tricyclo[5. 2. 1. 
0 ' ]decane and the like, or the groups represented by 
the folloWing formulae: 

R3 MO/ 
R2 

R1 

OH 

R2 

R1 R2 

ll R3 
[0181] in Which R1, R2 and R3 each represents hydrogen, 
substituted or unsubstituted alkyl group such as methyl, 
ethyl or methylene, and others, 

[0182] B represents any substituent, for eXample, 
preferably, a carboXyl group or the group represented 
by the folloWing formula: 
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D 

[0183] in 4Which D represents —OR4, —COOR4 or 
—OCO—R Wherein R1 in the substituent D each represents 
hydrogen or substituted or unsubstituted alkyl group such as 
methyl or ethyl, and 

[0184] l and In each is any positive integer. 

[0185] More particularly, the ?lm-forming copolyrners 
advantageously used in the present invention include the 
folloWing copolyrners, although the present invention 
should not be restricted to these copolyrners. Note in the 
described structures that In and n each is as de?ned above. 

17 

-continued 

CH3 CH3 

0 

CH3 
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