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(see, for example, Patent Literature 3). 

[0008] 

 There is also disclosed technology in which a polyimide resin 

film is used as an ion implantation mask for the purpose of providing 

a method for producing a semiconductor device, which enables ion 

implantation performed by accelerating ions with high energy at 

high temperature, and is capable of easily implanting impurities 

into a semiconductor substrate, particularly a SiC semiconductor 

substrate, in a region selective manner, to a sufficient depth 

(see, for example, Patent Literature 4). 

[Citation List] 

[Patent Literature] 

[0009] 

[Patent Literature 1] 

 Japanese Unexamined Patent Publication (Kokai) No. 

2006-324585 (Paragraph 0011) 

[Patent Literature 2] 

 Japanese Unexamined Patent Publication (Kokai) No. 

2008-108869 

[Patent Literature 3] 

 Japanese Unexamined Patent Publication (Kokai) No. 

2007-42803 

[Patent Literature 4] 

 PCT International Publication No. WO 2004/97914 

[Summary]
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[Technical Problem] 

[0010] 

 The chemically amplified photoresist disclosed in Patent 

Literature 2 achieves low cost, but has a problem of not being able 

to perform high temperature ion implantation. 

[0011] 

 Titanium or molybdenum disclosed in Patent Literature 3 has 

heat resistance and mask performance enough to perform high 

temperature ion implantation, while the process is a high cost process 

similarly to Patent Literature 1 because of removing an optional 

place. 

[0012] 

 The polyimide disclosed in Patent Literature 4 has a problem 

of not being able to form a rectangular pattern shape because of 

its large shrinkage ratio during firing of about 30%, leading to 

low resolution.  Therefore, a boundary of ion implantation becomes 

blurred at a boundary between a masked area and an unmasked area. 

[0013] 

 As mentioned above, technology for low cost and high temperature 

ion implantation process has not yet been established. 

[0014] 

 The present disclosure has been made in view of the 

above-mentioned circumstances, and an object thereof is to provide 

a photosensitive resin composition which has high heat resistance 

and is capable of controlling a pattern shape, and also has excellent  
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ion implantation mask performance, thus enabling application to 

a low-cost high-temperature ion implantation process. 

[Solution to Problem] 

[0015] 

In a first aspect, there is provided a photosensitive resin 

composition which exhibits positive or negative photosensitivity 

and is used as a mask in an ion implantation step, the photosensitive 

resin composition comprising, as a resin, (A) a polysiloxane, 

wherein the polysiloxane (A) further includes an organosilane unit 

having an acidic group selected from a carboxy group, an acid 

anhydride group, a sulfonic acid group and a hydroxyimide group, 

the photosensitive resin composition comprising (C) inorganic 

particles selected from silica particles, lithium fluoride 

particles, lithium chloride particles, lithium bromide particles, 

lithium oxide particles, lithium carbonate particles, lithium 

sulfate particles, lithium nitrate particles, lithium 

metasilicate particles, lithium hydroxide particles, sodium 

fluoride particles, sodium chloride particles, sodium bromide 

particles, sodium carbonate particles, sodium hydrogen carbonate 

particles, sodium sulfate particles, sodium nitrate particles, 

sodium metasilicate particles, sodium hydroxide particles, 

magnesium fluoride particles, magnesium chloride particles, 

magnesium bromide particles, magnesium oxide particles, magnesium 

carbonate particles, magnesium sulfate particles, magnesium 

nitrate particles, magnesium hydroxide particles, potassium 
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fluoride particles, potassium chloride particles, potassium 

bromide particles, potassium carbonate particles, potassium 

sulfate particles, potassium nitrate particles, calcium fluoride 

particles, calcium chloride particles, calcium bromide particles, 

calcium oxide particles, calcium carbonate particles, calcium 

sulfate particles, calcium nitrate particles, calcium hydroxide 

particles, strontium fluoride particles, barium fluoride 

particles, lanthanum fluoride particles, and the content of the 

inorganic particles (C) is 15% by weight or more based on the whole 

solid content excluding a solvent in the photosensitive resin 

composition.. 

There is also provided a photosensitive resin composition 

comprising (A) a polysiloxane, (C) inorganic particles, and (D) 

a naphthoquinone diazide compound, wherein the polysiloxane (A) 

is a polysiloxane obtained by hydrolyzing one or more 

organosilane(s) selected from an organosilane represented by the 

general formula (1) and an organosilane represented by the general 

formula (2), and an organosilane having an acidic group, followed 

by dehydration condensation, and the content of the inorganic 

particles (C) is 15% by weight or more based on the whole solid 

content excluding a solvent in the photosensitive resin composition  

[Chemical Formula 2]
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wherein R
1
 in the organosilane represented by the general formula(1) 

represents a group selected from hydrogen, an alkyl group having 

1 to 10 carbon atoms, a cycloalkyl group having 1 to 10 carbon 

atoms, an alkenyl group having 2 to 10 carbon atoms and an aryl 

group having 6 to 15 carbon atoms, and a plurality of R
1
(s) may 

be respectively the same or different; R
2
 represents a group 

selected from hydrogen, an alkyl group having 1 to 6 carbon atoms, 

an acyl group having 2 to 6 carbon atoms and an aryl group having 

6 to 15 carbon atoms, and a plurality of R
2
(s) may be respectively 

the same or different; these alkyl groups, acyl groups, and aryl 

group may be either a non-substitution product or a substitution 

product; and n represents an integer of 1 to 3; and 

wherein R
3
 to R

6
, in the organosilane represented by the general 

formula (2), each independently represents a group selected from 

hydrogen, an alkyl group having 1 to 6 carbon atoms, an acyl group 

having 2 to 6 carbon atoms and an aryl group having 6 to 15 carbon 

atoms; these alkyl groups, acyl groups and aryl groups may be either 

a non-substitution product or a substitution product; and m 

represents an integer of 1 to 8. 

 In another aspect, there is provided a method for 
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producing a semiconductor device, which comprises steps of forming 

a pattern of the photosensitive resin composition as disclosed 

herein on a semiconductor substrate; firing the pattern of the 

resin composition to obtain a fired pattern; implanting ions into 

the region of the semiconductor substrate where the fired pattern 

does not exist, using the fired pattern as an ion implantation 

mask; and removing the ion implantation mask. 

 In order to achieve the above object, in the present 

disclosure, there is applied a photosensitive resin composition 

which exhibits positive or negative photosensitivity and is used 

as a mask in an ion implantation step, the photosensitive resin 

composition including, as a resin, (A) a polysiloxane. 

[0016] 

 Another embodiment of the present disclosure is directed 

to a photosensitive resin composition including (A) a polysiloxane, 

(C) inorganic particles, and (D) a naphthoquinone diazide compound, 

wherein the polysiloxane (A) is a polysiloxane obtained by 

hydrolyzing one or more organosilane(s) selected from an 

organosilane represented by the general formula (1) and an 

organosilane represented by the general formula (2), and an 

organosilane having an acidic group, followed by dehydration 

condensation, and the content of the inorganic particles (C) is 

15% by weight or more based on the whole solid content excluding 

a solvent in the photosensitive resin composition: 

[0017]



6d 

 

[Chemical Formula 1] 



 9 

 

[0018] 

wherein R
1
 in the organosilane represented by the general formula (1) 

represents a group selected from hydrogen, an alkyl group having 1 to 

10 carbon atoms, a cycloalkyl group having 1 to 10 carbon atoms, an 

alkenyl group having 2 to 10 carbon atoms and an aryl group having 6 

to 15 carbon atoms, and a plurality of R
1
(s) may be respectively the 

same or different; R
2
 represents a group selected from hydrogen, an 

alkyl group having 1 to 6 carbon atoms, an acyl group having 2 to 6 

carbon atoms and an aryl group having 6 to 15 carbon atoms, and a plurality 

of R
2
(s) may be respectively the same or different; these alkyl groups, 

acyl groups, and aryl group may be either a non-substitution product 

or a substitution product; and n represents an integer of 1 to 3; and 

wherein R
3
 to R

6
, in the organosilane represented by the general formula 

(2), each independently represents a group selected from hydrogen, an 

alkyl group having 1 to 6 carbon atoms, an acyl group having 2 to 6 

carbon atoms and an aryl group having 6 to 15 carbon atoms; these alkyl 

groups, acyl groups and aryl groups may be either a non-substitution 

product or a substitution product; and m represents an integer of 1 

to 8. 

[0019] 

 The present disclosure also includes a method for producing  

7 



















































































 48

naphthoquinone diazide compound are less likely to cause phase 

separation, a coating film does not cause white turbidity, leading 

to excellent transparency of the fired film.  In order to obtain 

satisfactory dissolution contrast, the content is more preferably 

5 parts by weight or more.  In order to obtain a pattern forming 

film with high resolution, the content is preferably 30 parts by 

weight or less, more preferably 25 parts by weight or less, and 

most preferably 20 parts by weight or less. 

[0080] 

 When negative photosensitivity is imparted, it is preferred 

that a compound selected from (E1) a photopolymerization initiator 

and (E2) a photosensitizer is included in the photosensitive resin 

composition of the present invention.  Both the 

photopolymerization initiator (E1) and the photosensitizer (E2) 

may be included. 

[0081] 

 Specific examples of the photopolymerization initiator (E1) 

include an α-aminoalkylphenone compound such as 

2-methyl-1-[4-(methylthio)phenyl]-2-morpholinopropan-1-one, 

2-dimethylamino-2-(4-methylbenzyl)-1-(4-morpholinophenyl)-but

an-1-one, 

2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butan-1-one, 

or 

3,6-bis(2-methyl-2-morpholinopropionyl)-9-octyl-9H-carbazole; 

an acylphosphine oxide compound such as 
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Corporation) and the like. 

[0098] 

 Specific examples of the carboxylic acid ester compound 

include carboxylic acid 2-nitrobenzyl ester and the like. 

[0099] 

 Specific examples of the sulfonimide compound include 

N-(trifluoromethylsulfonyloxy)succinimide, 

N-(10-camphorsulfonyloxy)succinimide, 

N-(4-tolylsulfonyloxy)succinimide, 

N-(2-trifluoromethylphenylsulfonyloxy)succinimide, 

N-(4-fluorophenylsulfonyloxy)succinimide, 

N-(trifluoromethylsulfonyloxy)phthalimide, 

N-(10-camphorsulfonyloxy)phthalimide, 

N-(2-trifluoromethylphenylsulfonyloxy)phthalimide, 

N-(2-fluorophenylsulfonyloxy)phthalimide, 

N-(trifluoromethylsulfonyloxy)diphenylmaleimide, 

N-(10-camphorsulfonyloxy)diphenylmaleimide, 

N-(4-tolylsulfonyloxy)diphenylmaleimide, 

N-(2-trifluoromethylphenylsulfonyloxy)diphenylmaleimide, 

N-(4-fluorophenylsulfonyloxy)diphenylmaleimide, 

N-(4-fluorophenylsulfonyloxy)diphenylmaleimide, 

N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-di

carboxyimide, 

N-(10-camphorsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarbo

xyimide, 
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[0105] 

 Specific examples of the α,α-dimethyl-3,5-dimethoxybenzyl 

carbamate compound include 

N-(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl-N-methylamine, 

N-(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl-N-n-propylami

ne, 

N-(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl-N-n-hexylamin

e, 

N-(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl-N-cyclohexyla

mine, N-(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonylaniline, 

N-(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonylpiperidine, 

N,N’-bis[(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl]-1,6-h

examethylenediamine, 

N,N’-bis[(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl]-1,4-p

henylenediamine, 

N,N’-bis[(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl]-2,4-t

olylenediamine, 

N,N’-bis[(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl]-4,4’-

diaminodiphenylmethane, 

N,N’-bis[(α,α-dimethyl-3,5-dimethoxybenzyloxy)carbonyl]pipera

zine and the like. 

 Specific examples of the acyloxyimino compound include 

acetophenone-O-propanoyl oxime, benzophenone-O-propanoyl oxime, 

acetone-O-propanoyl oxime, acetophenone-O-butanoyl oxime,  
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[CLAIMS] 

1.  A photosensitive resin composition which exhibits positive 

or negative photosensitivity and is used as a mask in an ion 

implantation step, the photosensitive resin composition 

comprising, as a resin, (A) a polysiloxane, wherein the 

polysiloxane (A) further includes an organosilane unit having an 

acidic group selected from a carboxy group, an acid anhydride group, 

a sulfonic acid group and a hydroxyimide group, the photosensitive 

resin composition comprising (C) inorganic particles selected from 

silica particles, lithium fluoride particles, lithium chloride 

particles, lithium bromide particles, lithium oxide particles, 

lithium carbonate particles, lithium sulfate particles, lithium 

nitrate particles, lithium metasilicate particles, lithium 

hydroxide particles, sodium fluoride particles, sodium chloride 

particles, sodium bromide particles, sodium carbonate particles, 

sodium hydrogen carbonate particles, sodium sulfate particles, 

sodium nitrate particles, sodium metasilicate particles, sodium 

hydroxide particles, magnesium fluoride particles, magnesium 

chloride particles, magnesium bromide particles, magnesium oxide 

particles, magnesium carbonate particles, magnesium sulfate 

particles, magnesium nitrate particles, magnesium hydroxide 

particles, potassium fluoride particles, potassium chloride 

particles, potassium bromide particles, potassium carbonate 

particles, potassium sulfate particles, potassium nitrate 

particles, calcium fluoride 
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[ABSTRACT] 

Disclosed is a photosensitive resin composition which 

exhibits positive or negative photosensitivity and is used as a 

mask in an ion implantation step, the photosensitive resin 

composition including, as a resin, (A) a polysiloxane. The 

photosensitive resin composition of the present invention has high 

heat resistance and is capable of controlling a pattern shape, 

and also has excellent ion implantation mask performance, thus 

enabling application to a low-cost high-temperature ion 

implantation process. 
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