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(57) ABSTRACT 
A positive resist composition, having a superior resolution 
as Well as good resist performances such as sensitivity, depth 
of focus and pro?le, is described and includes a novolac 
resin, a radiation-sensitive quinonediaZide compound and a 
thioxanthone compound represented by the following for 
mula (I): 

(I) 
R8 if R1 

R7 c R2 

R6 s R3 

R5 R4 

Wherein R1, R2, R3, R4, R5, R6, R7 and R8 independently 
represent hydrogen, halogen, alkyl, alkoxy, aryl, carboXyl or 
alkoxycarbonyl. 
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POSITIVE RESIST COMPOSITION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a positive resist 
composition Which comprises an alkali-soluble novolac 
resin and a radiation-sensitive quinonediaZide compound 
and Which is suitably used in a ?ne processing of semicon 
ductor integrated circuit. 

DESCRIPTION OF RELATED ART 

[0002] The ?ne processing of semiconductor integrated 
circuit has usually been performed by adopting a lithography 
process using a resist composition. Among the resist com 
position, positive Working types are used in many cases 
because of their generally superior resolution. The positive 
resist compositions comprise generally an alkali-soluble 
ingredient and a radiation-sensitive ingredient. Speci?cally, 
they comprise a novolac resin as an alkali-soluble ingredient 
and a quinonediaZide compound as a radiation-sensitive 
ingredient. Such a novolac-quinonediaZide type positive 
resist utiliZes the fact that the quinonediaZide compound, 
Which is alkali-insoluble, is decomposed by the action of 
radiation to generate a carboXylic group, Which makes the 
compound alkali-soluble. 

[0003] In recent years, the integrated circuit has become 
?ner and ?ner With higher integration, and a pattern forma 
tion at a sub-micron level has become required. As the result, 
a positive resist composition having a higher resolution has 
become desired. For obtaining a ?ner pattern, so-called 
chemical ampli?cation resists, Which utiliZe the chemical 
amplifying effect attained by an acid-generating agent, have 
also been used in some ?eld. There is still, hoWever, a 
persistent need for the novolac-quinonediaZide type resists. 

[0004] The resolution of the novolac-quinonediaZide type 
positive resists can be improved by increasing the amount of 
quinonediaZide compound to some eXtent. HoWever, When 
the amount of quinonediaZide compound is increased too 
much, the light absorption of the resist becomes very great 
so that the pro?le is deteriorated and a rectangular pattern 
can not be obtained. 

[0005] The purpose of the present invention is to improve 
the resolution in the novolac-quinonediaZide type positive 
resists Without loWering other resist performances eXces 
sively. 

[0006] As the result of researches, the present inventors 
have found that the resolution of a novolac-quinonediaZide 
type positive resist composition, Which comprises an alkali 
soluble novolac resin and a radiation-sensitive quinonedi 
aZide compound, can be improved by adding a certain 
compound. Thus, the present invention Was completed. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a positive resist 
composition Which comprises a novolac resin, a radiation 
sensitive quinonediaZide compound and a thioXanthone 
compound represented by the folloWing formula (I): 

Oct. 4, 2001 

(I) 
R8 (T R1 

R7 c R2 

R6 s R3 

R5 R4 

[0008] Wherein R1, R2, R3, R4, R5, R6, R7 and R8 inde 
pendently represent hydrogen, halogen, alkyl, alkoXy, aryl, 
carboXyl or alkoXycarbonyl. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] The resist composition of the invention comprises 
a novolac resin as an alkali-soluble ingredient and a quino 
nediaZide compound as a radiation-sensitive compound. A 
novolac resin commonly used as an alkali-soluble ingredient 
in this kind of positive resist composition may be used as the 
novolac resin comprised in the positive resist of the present 
invention. This can usually be obtained by condensing a 
phenol compound and an aldehyde in the presence of an acid 
catalyst. 

[0010] Examples of the phenol compound used in the 
preparation of the novolac resin include phenol, o-cresol, 
m-cresol, p-cresol, 2,3-Xylenol, 2,5-Xylenol, 3,4-Xylenol, 
3,5-Xylenol, 2,3,5-trimethylphenol, 2-tert-butylphenol, 
3-tert-butylphenol, 4-tert-butylphenol, 2-tert-butyl-4-meth 
ylphenol, 2-tert-butyl-5-methylphenol, 2-methylresorcinol, 
4-methylresorcinol, S-methylresorcinol, 2-methoXyphenol, 
3-methoXyphenol, 4-methoXyphenol, 2,3-dimethoXyphenol, 
2,5-dimethoXyphenol, 3,5-dimethoXyphenol, 2-methoXyre 
sorcinol, 4-tert-butylcatechol, 2-ethylphenol, 3-ethylphenol, 
4-ethylphenol, 2,5-diethylphenol, 3,5-diethylphenol, 2,3,5 
triethylphenol, 2-naphthol, 1,3-dihydroXynaphthalene, 1,5 
dihydroXynaphthalene, 1,7-dihydroXynaphthalene and a 
polyhydroXytriphenylmethane compound obtainable by 
condensation of Xylenol and hydroXybenZaldehyde. These 
phenol compounds can be used singly or in combination of 
tWo or more. 

[0011] Examples of the aldehyde used in the preparation 
of the novolac resin include aliphatic aldehydes such as 
formaldehyde, acetaldehyde, propionaldehyde, n-butylalde 
hyde, iso-butylaldehyde, pivalaldehyde, n-heXylaldehyde, 
acrolein and crotonaldehyde; alicyclic aldehydes such as 
cycloheXanealdehyde, cyclopentanealdehyde, furfural and 
furylacrolein; aromatic aldehydes such as benZaldehyde, 
o-methylbenZaldehyde, m-methylbenZaldehyde, p-methyl 
benZaldehyde, p-ethylbenZaldehyde, 2,4-dimethylbenZalde 
hyde, 2,5-dimethylbenZaldehyde, 3,4-dimethylbenZalde 
hyde, 3,S-dimethylbenZaldehyde, o-hydroXybenZaldehyde, 
m-hydroXybenZaldehyde, p-hydroXybenZaldehyde, o-anisal 
dehyde, m-anisaldehyde, p-anisaldehyde and vanillin; and 
aromatic-aliphatic aldehydes such as phenylacetaldehyde 
and cinnamaldehyde. These aldehydes can be used singly or 
in. combination of tWo or more. Among these aldehydes, 
formaldehyde is preferably used because of easy availability 
in the industry. 
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[0012] Examples of the acid catalyst used for condensa 
tion of the phenol compound With the aldehyde compound 
include inorganic acids such as hydrochloric acid, sulfuric 
acid, perchloric acid and phosphoric acid; organic acids such 
as formic acid, acetic acid, oxalic acid, trichloroacetic acid 
and p-toluenesulfonic acid; and bivalent metal salts such as 
Zinc acetate, Zinc chloride and magnesium acetate. These 
acid catalysts can be used singly or in combination of tWo or 
more. The condensation reaction can be carried out accord 
ing to the usual manner, for example, at a temperature Within 
a range of 60 to 120° C. for 2 to 30 hours. 

[0013] It is preferred that the amount of loW-molecular 
Weight components of the novolac resin obtained by the 
condensation is reduced by a treatment such as fractionation. 
Speci?cally, it is preferred that the amount of components 
having a molecular Weight of 1,000 or less are reduced to 
25% or less based on the total amount of the novolac resin 
excluding unreacted phenol compound, When the amounts 
are represented by the pattern areas of gel permeation 
chromatography (GPC), Wherein the pattern areas refer to 
values measured by an UV detector at 254 nm and the 
molecular Weight refer to a value based on that of polysty 
rene as a standard. 

[0014] It is also effective to add a loW molecular Weight 
alkali-soluble phenol compound having a molecular Weight 
of 1,000 or less to the novolac resin in Which high-molecular 
Weight components Were enhanced. Such a loW molecular 
Weight alkali-soluble phenol compound preferably has at 
least tWo phenolic hydroxyl groups in the molecular struc 
ture. Examples thereof include compounds disclosed in 
JP-A-2-275955 (corresponding to US. Pat. No. 5,456,955 
plus US. Pat. No. 5,456,996), JP-A-2-2560 or JP-A-4 
37750. When the loW molecular Weight alkali-soluble phe 
nol compound is used, it is preferred that such compound is 
present Within a range of 3 to 40% by Weight based on the 
total amount of the novolac resin and the loW molecular 
Weight alkali-soluble phenol compound. This loW molecular 
Weight alkali-soluble phenol compound can be deemed a 
part of alkali-soluble ingredient in the present invention. 

[0015] A quinonediaZide compound generally used as the 
radiation-sensitive ingredient for a usual novolac-quinonedi 
aZide type positive resist can be used as the radiation 
sensitive quinonediaZide compound used in the present 
invention. Usually, it is an o-quinonediaZide sulfonic acid 
ester of a compound having a phenolic hydroxyl group. 
Preferably, it is a 1,2-naphthoquinonediaZide-5- or 4-sul 
fonic acid ester or a 1,2-benZoquinonediaZide-4-sulfonic 
acid ester of a polyhydroxyl compound having at least three 
phenolic hydroxyl groups. These radiation-sensitive quino 
nediaZide compounds can also be used singly or in combi 
nation of tWo or more. 

[0016] These esters can be obtained by reacting a com 
pound having a phenolic hydroxyl group as described above 
With an o-quinonediaZidesulfonyl halide in the presence of 
a base such as triethylamine or the like in a suitable solvent. 
After completion of the reaction, the desired quinonediaZ 
idesulfonic acid ester can be isolated by appropriate post 
treatment. Such post treatment includes, for example, a 
method in Which the reaction mass is mixed With Water to 
precipitate the desired compound, Which is ?ltered and dried 
to give the product in poWder form; and a method in Which 
the reaction mass is treated With a resist solvent such as 
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2-heptanone or the like, Washed With Water, phase-separated, 
stripped of the solvent by distillation or equilibrium ?ash 
distillation to give the product in the form of a solution in a 
resist solvent, and others. The equilibrium ?ash distillation 
here refers to a kind of continuous distillation that is 
performed by evaporating a part of a liquid mixture, con 
tacting suf?ciently the produced vapor phase With the liquid 
phase, and separating the vapor and liquid phases When the 
equilibrium is attained. This method is suitable to concen 
tration of heat sensitive substance, because the evaporation 
ef?cacy is very good, the evaporation occurs in a moment 
and the equilibrium betWeen the vapor and liquid phases is 
rapidly attained. 

[0017] The ratio betWeen the alkali-soluble ingredient, 
Which contains the novolac resin and optional loW-molecu 
lar Weight alkali-soluble phenolic compound, and the radia 
tion-sensitive quinonediaZide compound in the positive 
resist composition of the invention may vary depending on 
the type of the resist. Generally the ratio is selected Within 
a range of about 10 to 100 parts by Weight of the quino 
nediaZide compound based on 100 parts by Weight of the 
total of the alkali-soluble ingredient. The preferred content 
of the quinonediaZide compound is about 10 to 50 parts by 
Weight based on 100 parts by Weight of the alkali-soluble 
ingredient. 
[0018] The positive resist composition of the invention 
comprises the thioxanthone compound represented by the 
formula (I) described above in addition to the alkali-soluble 
ingredient and the quinonediaZide compound. In the de?ni 
tion for the formula (I), halogen may include ?uorine, 
chlorine, bromine and the like; alkyl and alkoxy, including 
alkoxy moiety in the alkoxycarbonyl, may have about 1 to 
6 carbon atoms, respectively; and aryl may be phenyl or 
naphthyl. 
[0019] The phenyl and naphthyl as aryl may be substi 
tuted, for example, by alkyl having about 1 to 6 carbon 
atoms, alkoxy having about 10 1 to6carbon atoms, halo 
genornitro. Speci?cally, examples of the thioxanthone com 
pound of the formula (I) include thioxanthone, 1-chlo 
rothioxanthone, 2-chlorothioxanthone, 
3-chlorothioxanthone, 4-chlorothioxanthone, 1-methylth 
ioxanthone, 2-methylthioxanthone, 3-methylthioxanthone, 
4-methylthioxanthone, 1-ethylthioxanthone, 2-ethylthioxan 
thone, 3-ethylthioxanthone, 4-ethylthioxanthone, 1-isopro 
pylthioxanthone, 2-isopropylthioxanthone , 3-isopropylth 
ioxanthone, 4-isopropylthioxanthone , methyl thioxanthone 
1-carboxylate and methyl 7-methylthioxanthone-3 
carboxylate. 

[0020] These thioxanthone compounds can be used singly 
or in combination of tWo or more. It is generally preferred 
that amount of the thioxanthone compound is about from 
0.01 to 5 parts by Weight based on 100 parts by total Weight 
of the novolac resin and a loW molecular Weight alkali 
soluble phenol compound. When the amount is too small, 
the effect of the present invention is insuf?cient. When the 
amount is too much, the sensitivity becomes loWer. 

[0021] The positive resist composition of the present 
invention comprises the novolac resin described above, 
quinonediaZide compound and the thioxanthone compound 
as the essential ingredients. In addition, the positive resist 
composition of the present invention may comprise a resin 
other than the novolac resin, as Well as a small amount of 
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various additives conventional in this ?eld, such as a dye, a 
surfactant and the like, as required. In addition, it is also 
effective to compeise a compound degradable by alkali, such 
as an acid generating agent, proposed in JP-A-10-213905, 
Which generates an acid by the action of an alkali-develop 
ing solution. Addition of the alkali-degradable compound 
may contribute the improvement of pattern pro?le. 

[0022] The positive resist composition of the present 
invention is applied on a substrate such as a silicon Wafer or 
the like in the form of a resist solution prepared by dissolv 
ing the ingredients described above in a solvent. Any solvent 
Which can dissolve the ingredients, has an appropriate 
drying rate and can make a uniform and smooth coating ?lm 
after the evaporation of the solvent can be used for the resist 
solution. The solvent may be one conventionally used in this 
?eld. Examples of the solvent include glycol ether esters 
such as ethyl cellosolve acetate, methyl cellosolve acetate, 
propylene glycol monomethyl ether acetate and propylene 
glycol monoethyl ether acetate; glycol ethers such as ethyl 
cellosolve, methyl cellosolve, propylene glycol monomethyl 
ether and propylene glycol monoethyl ether; esters such as 
ethyl lactate, butyl acetate, amyl acetate and ethyl pyruvate; 
ketones such as acetone, methyl isobutyl ketone, 2-hep 
tanone and cyclohexanone; and cyclic esters such as y-bu 
tyrolactone. These solvents can be used singly or in com 
bination of tWo or more. 

[0023] The resist ?lm formed by applying the resist solu 
tion and drying is irradiated With radiation rays for pattern 
ing. Then, after a post-exposure baking is conducted, if 
necessary, the irradiated resist ?lm is developed With an 
alkali developer. The alkali developer used here can be 
various aqueous alkali solutions Which are knoWn in this 
?eld. Widely used developers generally include an aqueous 
solution of tetramethyl ammonium hydroxide and an aque 
ous solution of (2-hydroxyethyl) trimethyl ammonium 
hydroxide (generally called as choline). 

EXAMPLES 

[0024] The invention Will noW be described in more 
speci?cally With reference to Examples, Which should not be 
construed as a limitation upon the scope of the invention. In 
Examples, percentages, parts and ratios representing the 
content or the used amount are Weight based unless other 
Wise speci?ed. The Weight average molecular Weight is a 
value measured by GPC using polystyrene as a standard. 

Reference Example 1 (Preparation of a Novolac 
Resin) 

[0025] Into a reaction vessel Were charged 479.7 parts of 
a mixed m-/p-cresol compris ing 62% of m-cresol, 115.1 
parts of p-cresol, 268.75 parts of 2,5-xylenol, 39.3 parts of 
oxalic acid dihydrate, 261.8 parts of 90% aqueous acetic 
acid solution and 803.1 parts of methyl isobutyl ketone and 
the mixture Was heated to 80° C. To this mixture Was added 
dropWise 463.2 parts of 37% formalin over 30 minutes. The 
mixture Was heated up to 92° C. and alloWed to react at this 
temperature for 13 hours keeping re?ux. After the reaction 
Was terminated, 486.2 parts of methyl isobutyl ketone Were 
added and the mixture Was Washed With 1823.2 parts of 
Water, folloWed by a separation of the oily phase. This 
operation Was repeated 6 times. Thereafter, the oily phase 
Was concentrated to give a solution of a novolac resin in 
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methyl isobutyl ketone. The resin had a Weight average 
molecular Weight of about 4,400. The solution Was diluted 
With methyl isobutyl ketone to a concentration of 20%. To 
400 parts of the 20% solution Were added 545.2 parts of 
n-heptane With stirring. The mixture Was stirred further at 
60° C. for 30 minutes, left to stand and subjected to 
phase-separation. Then, 76.3 parts of the loWer layer Was 
diluted With 400 parts of 2-heptanone and concentrated to 
give 109.7 parts of a solution of the novolac resin in 
2-heptanone. The novolac resin Was referred to as Resin A. 
The resin had a Weight average molecular Weight of about 
7,200 and a ratio of area in GPC pattern of a range 
corresponding to 1,000 or less in the molecular Weight of 
about 20%. 

Reference Example 2 (Preparation of Novolac 
Resin) 

[0026] Into a reaction vessel Were charged 486.6 parts of 
m-cresol, 219.6 parts of 2,5-xylenol, 31.8 parts of oxalic 
acid dihydrate, 214.2 parts of 90% aqueous acetic acid 
solution and 635.0 parts of methyl isobutyl ketone and the 
mixture Was heated to 80° C. To this mixture Was added 
dropWise 450.9 parts of 37% formalin over 30 minutes. The 
mixture Was heated up to 92° C. and alloWed to react at this 
temperature for 11 hours keeping re?ux. After the reaction 
Was terminated, 461.5 parts of methyl isobutyl ketone Were 
added and the mixture Was Washed With 1500 parts of Water, 
folloWed by a separation of oily phase. This operation Was 
repeated 6 times. Then, oily phase Was concentrated to give 
a solution of a novolac resin in methyl isobutyl ketone. The 
resin had a Weight average molecular Weight of about 4,800. 
The solution Was diluted With methyl isobutyl ketone to a 
concentration of 22%. To 400 parts of the 22% solution Were 
added 271.2 parts of n-heptane With stirring. The mixture 
Was stirred further at 60° C. for 30 minutes, left to stand and 
subjected to phase-separation. Then, 91.4 parts of the loWer 
layer Was diluted With 400 parts of 2-heptanone and con 
centrated to give 135.8 parts of a solution of the novolac 
resin in 2-heptanone. The novolac resin Was referred to as 
Resin B. The resin had a Weight average molecular Weight 
of about 6,100 and a ratio of area in GPC pattern of a range 
corresponding to 1,000 or less in the molecular Weight of 
about 20%. 

[0027] Examples 1-4 and Comparative Examples 1-2 

[0028] Into 2-heptanone as a solvent Were mixed and 
dissolved 11 parts in total of the novolac resins A and B 
obtained in Reference Examples 1 and 2, in ratios, as a solid 
ingredient, shoWn in Table 1, 4 parts of 4,4‘-(2-hydroxyben 
Zilidene)di-2,6-xylenol as an additive (a loW-molecular 
Weight phenol compound), 6 parts of a condensate (in 
poWder form) of 2,6-bis[4-hydroxy-3-(2-hydroxy-5-methyl 
benZyl)-2,5-dimethylbenZyl]-4-methylphenol represented 
by the folloWing formula: 

OH CH3 OH CH3 

CH2 CH2 CH2 CH2 

HO OH 

CH3 CH3 CH3 CH3 

OH 

CH3 
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[0029] With 1,2-naphthoquinonediaZide-5-sulfonyl chlo 
ride in the reaction molar ratio of 1:2.2 as a radiation 
sensitive ingredient, a thioxanthone compound listed below 
in an amount respectively shoWn in Table 1, and 2-hep 
tanone, as the solvent, so that the total amount of 2-hep 
tanone including the amount derived from the solution of the 
novolac resin Was 50 parts. 

[0030] Thioxanthone Compound 

[0031] D: thioxanthone 

[0032] E: 2-chlorothioxanthone 

[0033] F: “KAYACURE ITX” available from Nippon 
Kayaku Co., Ltd.(a mixture of 2-isopropylthioxan 
thone and 4-isopropylthioxanthone) 

[0034] The respectively obtained solutions Were ?ltered 
by a ?uorine resin ?lter to give resist solutions. The resist 
solutions Were spin-coated on silicon Wafers treated With 
hexamethylsisilaZane and subjected to the pre-baking treat 
ment at 90° C. for 60 seconds on a direct hot-plate to form 
resist ?lms having a thickness of 0.85 pm. The Wafers 
carrying the resist ?lms Were exposed using a line-and space 
pattern varying stepWise the exposure amount using an i-ray 
stepper (“NSR-2005 i9C”, manufactured by Nikon Co., 
Ltd., NA=0.57, o=0.60). Then, they Were subjected to 
post-exposure baking under conditions of 110° C. and 60 
seconds on a hot plate, folloWed by paddle development 
using a 2.38% aqueous tetramethyl ammonium hydroxide 
solution for 60 seconds. 

[0035] The developed patterns Were observed by a scan 
ning electron microscope. The effective sensitivity and reso 
lution for respective patterns Were evaluated in the folloWing 
manners. The results are shoWn in Table 1. 

[0036] Effective sensitivity: This Was expressed by an 
exposure amount at Which the cross-sections of 0.40 pm 
line-and-space pattern Were 1:1. 

[0037] Resolution: This Was expressed by the minimum 
line Width in the line-and-space pattern Which Was separated 
upon exposure at the effective sensitivity. 

TABLE 1 

Thioxan- Effective 
thone Sensiti 

No. Resin Compound vity Resolution 

Example 1 A/B = 30/70 0.2 part D 310 msec 0.255 [urn 
Example 2 A/B = 30/70 0.2 part E 350 msec 0.25 [urn 
Example 3 A/B = 30/70 0.2 part F 350 msec 0.25 [urn 
Example 4 A/B = 15/85 0.3 part F 350 msec 0.25 [urn 
Comparative A/B = 30/70 not used 200 msec 0.30 [urn 
example 1 
Comparative A/B = 30/70 not used 360 msec 0.27 [urn 
example 2 

[0038] As seen from Table 1, the products in Examples 
have an improved resolution as compared With the products 
in Comparative Examples. Although the product in Com 
parative Example 2 has a someWhat improved resolution, it 
has a reduced sensitivity. On the other hand, the products in 
Examples still have a superior sensitivity and a superior 
resolution to those of Comparative Example 2. 
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Reference Example 3 (Preparation of a 
Radiation-Sensitive QuinonediaZide Compound) 

[0039] Into 403 parts of dioxane Were dissolved 40.63 
parts of 2,6-bis[4-hydroxy-3-(2-hydroxy-5-methylbenZyl) 
2,5-dimethylbenZyl]-4-methylphenol and 40 parts of 1,2 
naphthoquinonediaZide-5-sulfonyl chloride (the molar ratio 
Was 1:2.2). To this mixture Were added dropWise 18.1 parts 
of triethylamine, and the mixture Was alloWed to react until 
1,2-naphthoquinonediaZide-5-sulfonyl chloride Was not 
detected. After the reaction Was terminated, the reaction 
mass Was stirred With 4.5 parts of acetic acid for 1 hour, and 
Washed With 297 parts of 2-heptanone and 403 parts of 
deioniZed Water to remove metallic substance and chlorine 
ion. After phase-separation, 2-heptanone layer Was sub 
jected to the equilibrium ?ash distillation, in Which the vapor 
and liquid phases Were contacted and separated When the 
equilibrium is attained, and concentrated until the solid 
content Was 37.5%. In this manner, 159.0 parts of a solution 
of the quinonediaZide sulfonic acid ester in 2-heptanone Was 
obtained. 

[0040] The procedure in Example 3 Was repeated except 
that the radiation-sensitive ingredient in poWder form Was 
replaced by the solution of the quinonediaZide sulfonic acid 
ester (6 parts, as the solid ingredient) in 2-heptanone 
obtained in Reference Example 3 and the total amount of 
2-heptanone including the amount from the solution Was 
adjusted to 50 parts. Results similar to those in Example 3 
Were obtained. 

[0041] According to the present invention, a positive resist 
composition having a superior resolution can be obtained by 
adding a thioxanthone compound to a novolac resin and a 
quinonediaZide compound. In addition, the composition has 
good resist performances such as sensitivity, depth of focus, 
pro?le and so on. Therefore, the composition is effective in 
the production of ?ner semiconductor integrated circuit. 

What is claimed is: 
1. A method for producing a semiconductor comprising 

the steps of: 

dissolving a positive resist composition represented by 
Formula (I): 

(I) 
R8 (T R1 

R7 c R2 

R6 s R3 

R5 R4 

in a suitable solvent; and 

applying said positive resist composition to a silicone 
Wafer to thereby form a resist ?lm. 

2. The method of claim 1, further comprising irradiating 
said resist ?lm in a pattern. 

3. The method of claim 1, Wherein the positive resist 
composition comprises a novolac resin comprising 25% or 
less of components based on the total amount of novolac 
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resin excluding unreacted phenol compound having a 
molecular Weight of 1,000 or less. 

4. The method of claim 1, Wherein the positive resist 
composition comprises a loW molecular Weight alkali 
soluble phenol compound in an amount Within a range of 3 
to 40% by Weight based on the total amount of novolac resin 
and the loW molecular Weight alkali-soluble phenol com 
pound. 

5. The method of claim 1, Wherein the thioXanthone 
compound of Formula (I) is selected from thioXanthone, 
1-chlorothioXanthone, 2-chlorothioXanthone, 3-chlorothioX 
anthone, 4-chlorothioXanthone, 1-methylthioXanthone, 
2-methylthioXanthone, 3-methylthioXanthone, 4-methylth 
ioXanthone, 1-ethylthioXanthone, 2-ethylthioXanthone, 
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3-ethylthioXanthone, 4-ethylthioXanthone, 1-isopropylth 
ioXanthone, 2-isopropylthioXanthone, 3-isopropylthioXan 
thone, 4-isopropylthioXanthone, methyl thioXanthone-1-car 
boXylate or methyl 7-methylthioXanthone-3-carboXylate. 

6. The method of claim 1, Wherein the amount of thioX 
anthone compound is about from 0.01 to 5 parts by Weight 
based on 100 parts by total Weight of the novolac resin and 
a loW molecular Weight alkali-soluble phenol compound. 

7. The method of claim 3, Wherein the amount of thioX 
anthone compound is about from 0.01 to 5 parts by Weight 
based on 100 parts by total Weight of the novolac resin and 
a loW molecular Weight alkali-soluble phenol compound. 

* * * * * 


