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(54) Method of producing cured thin film using photocurable silicone resin composition

(57) A method of producing a cured thin film that en-
ables a desired cured thin film to be formed easily and
with superior precision, by using a silicone resin compo-
sition which exhibits lithography properties, and can be
cured by a combination of photocuring and heat curing.
Specifically, a method of producing a cured thin film by
curing a photocurable silicone resin composition contain-
ing: (A) an organopolysiloxane having two or more alke-
nyl groups within each molecule, (B) an organohydro-
genpolysiloxane having two or more hydrogen atoms
bonded to silicon atoms within each molecule, and (C) a
photoactive catalyst, wherein the method includes: (i) ap-
plying the composition to a substrate, (ii) obtaining a thin
film in a semi-cured state by irradiating the applied coat-
ing with light, and (iii) heating the thin film in a semi-cured
state to achieve complete curing, and wherein the spec-
trum of the light irradiated in step (ii) has a maximum
peak in a wavelength region from 300 nm to 400 nm, and
the spectral irradiance of light of any wavelength within
the wavelength region shorter than 300 nm is not more
than 5% of the spectral irradiance of light of the maximum
peak wavelength.
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Description

1. Field of the Invention

[0001] The present invention relates to a method of producing a cured thin film using a photocurable silicone resin
composition. More specifically, the invention relates to a method of producing a cured thin film that comprises exposing
a photocurable silicone resin composition to light having a specific wavelength to generate a semi-cured state, and then
performing heating to achieve complete curing. Further, the present invention also relates to a cured thin film obtained
using this method.

2. Description of the Prior Art

[0002] Silicone resins and silicone rubbers exhibit excellent heat resistance, light resistance and insulating properties,
and also yield transparent molded articles and cured products, and are therefore widely used for all manner of optical
applications and electronic devices.
[0003] Addition-curable silicone resin compositions that cure upon heating generally employ a platinum catalyst as a
curing catalyst. In such silicone resin compositions, because the platinum catalyst exhibits activity immediately following
preparation of the composition, a curing retarder must be added to the composition to ensure satisfactory pot life for the
silicone resin composition. However, as a result, the curing rate of the silicone resin composition slows. This slower
curing rate is disadvantageous when forming specific molded articles from the silicone resin composition, for example
thin films having a specific thickness or a specific pattern. Namely, because the curing process takes time, the composition
may flow during the period prior to complete curing being achieved by heating, increasing the likelihood of variation in
the desired thickness or pattern. Accordingly, tests have been conducted into employing a silicone resin having a three
dimensional network structure or adding a large amount of additives in order to reduce the fluidity of the composition,
or curing the composition rapidly within a short period of time using a high-temperature heating oven. However, when
heating is performed at high temperature, control of the production line is not easy, and such high-temperature heating
is not entirely satisfactory for obtaining molded articles of the desired dimensions and shape.
[0004] On the other hand, silicone resin compositions that cure upon irradiation with light do not undergo reaction in
the absence of light, and therefore a curing retarder need not be added. Further, because the curing reaction proceeds
readily, control of the production line is easy, and the energy required is minimal. Moreover, because small-scale appa-
ratus are adequate, significant cost reductions can be expected for the production process.
[0005] An example of a known photocurable silicone resin composition is a resin composition comprising a (meth)acr-
ylate polymer, a (meth)acryloyloxy group-containing silicone resin, or a (meth)acryloyloxy group-containing photocurable
resin and a photopolymerization initiator, and the use of this resin composition for forming a top coat layer for protecting
the surface of a plastic molded article has already been disclosed (see Patent Document 1).
[0006] Further, a photocurable composition comprising a polysiloxane-based compound having a polyhedral siloxane
structure containing a photopolymerizable functional group and an SiH group, an alkenyl group-containing compound,
a photopolymerization initiator and a hydrosilylation catalyst is also known, and it has been reported that this composition
has lithography properties, and can be used in the formation of passivation films or gate insulation films for thin-film
transistors (see Patent Document 2).
[0007] Furthermore, a photocurable organopolysiloxane composition comprising a linear organopolysiloxane having
(meth)acryloyloxy groups at both terminals, an N,N-dialkyl-substituted acrylamide and/or acryloylmorpholine as a radical
polymerizable monomer, and a photopolymerization initiator is also known (see Patent Document 3).
[0008] However, the compositions disclosed in Patent Documents 1 to 3 have weak crosslinking points within the
resulting cured product, and because these crosslinking points are susceptible to damage by heat or light, and can act
as the starting point for resin decomposition, the heat resistance and light resistance of cured products in the form of
thin films tends to be unsatisfactory.
[0009] A method of producing a silicone coating or silicone molded article has been reported that involves applying a
coating of, or molding, a photocrosslinkable silicone mixture comprising an organopolysiloxane having an aliphatic
multiple bond, an organosilicon compound having at least two SiH groups within each molecule, and a platinum cy-
clopentadienyl complex that can be activated by light, heating the mixture at 40 to 250°C, either before or after application
or molding, to reduce the viscosity of the mixture and improve the workability, and subsequently irradiating the mixture
with light of 200 to 500 nm (see Patent Document 4). However, in this method, because short-wavelength ultraviolet
light is not cut, the catalyst tends to be deactivated by the short-wavelength ultraviolet light when the applied coating is
thin, which increases the likelihood of unsatisfactory curing. Accordingly, reducing the thickness of the coating is prob-
lematic.

Patent Document 1: JP 2011-016871 A
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Patent Document 1: JP 2010-254927 A
Patent Document 3: JP 2008-031307 A
Patent Document 4: JP 2011-12264 A

SUMMARY OF THE INVENTION

[0010] The present invention addresses the issues outlined above, and has an object of providing a method of producing
a cured thin film that enables a desired cured thin film to be formed easily and with superior precision, by using a curable
silicone resin composition which is photocurable and therefore exhibits lithography properties, and can be cured by a
combination of photocuring and heat curing.
[0011] In other words, the present invention provides a method of producing a cured thin film by curing a photocurable
silicone resin composition comprising:

(A) an organopolysiloxane having two or more alkenyl groups within each molecule,
(B) an organohydrogenpolysiloxane having two or more hydrogen atoms bonded to silicon atoms within each mol-
ecule, in an amount that is sufficient to provide from 0.1 to 4.0 mols of hydrogen atoms bonded to silicon atoms per
1 mol of alkenyl groups within the composition, and
(C) an effective amount of a photoactive catalyst,

wherein the method comprises:

(i) obtaining a coating film by applying the silicone resin composition to a substrate,
(ii) obtaining a thin film in a semi-cured state by partially curing the coating film by irradiation with a light, and
(iii) heating the thin film in a semi-cured state to achieve complete curing,

and wherein the spectrum of the light irradiated in step (ii) has a maximum peak in a wavelength region from 300 nm to
400 nm, and
the spectral irradiance of light of any wavelength in the spectrum within the wavelength region shorter than 300 nm is
not more than 5% of the spectral irradiance of light of the maximum peak wavelength.
[0012] The present invention also provides a cured thin film obtained using the above method, and a semiconductor
device provided with such a cured thin film.
[0013] By using a combination of a photocuring step and a heat curing step, the method of producing a cured thin film
according to the present invention is able to form a silicone resin-based cured film having a desired thickness and shape
easily and with superior precision. The method is also useful for forming a high-precision pattern using the same operations
as those used for an n-type photoresist.
[0014] The photocurable silicone resin composition used in the method of the present invention is inactive and highly
stable when not irradiated with light, and has an excellent pot life, and therefore the method of the present invention
also offers excellent workability. Moreover, because the resulting thin film exhibits excellent heat resistance and optical
transparency, it can be used favorably as an encapsulating material for optical semiconductor elements such as light
emitting diodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 illustrates, as a solid line, the emission spectrum of a light irradiated through a band pass filter in an example
1 and the like, and illustrates, as a dashed line, the emission spectrum of the light prior to passage through the band
pass filter, which was used in comparative examples 2 and 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

- Method of Producing Cured Thin Film -

<Photocurable Silicone Resin Composition>

[0016] First is a description of the photocurable silicone resin composition used in the method of the present invention.
[0017] This photocurable silicone resin composition comprises the components (A) to (C) described below as essential
components. Each of these components is described below in further detail.
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- (A) Alkenyl Group-Containing Organopolysiloxane:

[0018] In the present invention, the term "alkenyl group" used in relation to the component (A) includes non-cyclic
alkenyl groups and cyclic alkenyl groups (so-called cycloalkenyl groups).
[0019] The component (A) is an organopolysiloxane that contains at least two alkenyl groups within each molecule,
and examples of the alkenyl groups include alkenyl groups of 2 to 8 carbon atoms, and particularly 2 to 6 carbon atoms.
Specific examples of the alkenyl groups include non-cyclic alkenyl groups such as a vinyl group, allyl group, propenyl
group, isopropenyl group, butenyl group, pentenyl group and hexenyl group, and cycloalkenyl groups such as a cy-
clohexenyl group. Among these groups, a vinyl group or allyl group is preferred. The organopolysiloxane used in the
present invention may exist in a solid state through to a viscous resin state at normal temperatures, but from the viewpoints
of workability and curability of the composition, the viscosity at 23°C is preferably within a range from 10 to 1,000,000
mPa·s, and more preferably from 100 to 100,000 mPa·s. Accordingly, in those cases where the organopolysiloxane is
a solid at 23°C, a solvent is preferably used to adjust the viscosity to a value within the above range. The viscosity of
the organopolysiloxane can be measured using a rotational viscometer or the like. Examples of solvents that may be
used in combination with the organopolysiloxane include toluene, heptane and cyclohexane. The amount of the solvent
may be adjusted appropriately so that, upon mixing with the organopolysiloxane, the viscosity of the resulting solution
satisfies the above range.
[0020] The organopolysiloxane preferably has a three dimensional network structure comprising SiO4/2 units (hereafter
referred to as "Q units") and R3SiO1/2 units (hereafter referred to as "M units"). The organopolysiloxane may also comprise
R2SiO units (hereafter referred to as "D units") and/or RSiO3/2 units (hereafter referred to as "T units"), preferably R2SiO
units. The ratio between the M units and the Q units within the organopolysiloxane, reported as a molar ratio, is preferably
within a range from 1:0.5 to 1:3, and more preferably from 1:0.6 to 1:2.5. When the organopolysiloxane includes D units
and/or T units, these units preferably represent 30 to 70 mol%, and more preferably 40 to 60 mol%, of all the siloxane
units. Further, the organopolysiloxane used in the present invention has a polystyrene-equivalent weight-average mo-
lecular weight, determined by GPC, that is preferably within a range from 10 to 1,000,000, and more preferably from
100 to 100,000.
[0021] In the above units, each R independently represents an unsubstituted or substituted monovalent hydrocarbon
group of 1 to 10 carbon atoms, and preferably an unsubstituted or substituted monovalent hydrocarbon group of 1 to 6
carbon atoms, provided that at least two of the groups represented by R in each molecule represent alkenyl groups.
Specific examples of the monovalent hydrocarbon group include alkyl groups such as a methyl group, ethyl group, propyl
group, isopropyl group, butyl group, isobutyl group, tert-butyl group, pentyl group, neopentyl group, hexyl group, octyl
group, nonyl group and decyl group; a cyclohexyl group; aryl groups such as a phenyl group, tolyl group, xylyl group
and naphthyl group; aralkyl groups such as a benzyl group, phenylethyl group and phenylpropyl group; alkenyl groups
such as a vinyl group, allyl group, propenyl group, isopropenyl group, butenyl group, pentenyl group, hexenyl group and
octenyl group; a cyclohexenyl group; and groups in which some or all of the hydrogen atoms within one of the above
hydrocarbon groups have each been substituted with a halogen atom such as a fluorine atom, bromine atom or chlorine
atom, or a cyano group or the like, including halogen-substituted alkyl groups such as a chloromethyl group, chloropropyl
group, bromoethyl group and trifluoropropyl group, and a cyanoethyl group.
[0022] The aforementioned organopolysiloxane having a three dimensional network structure can be synthesized
easily by combining the compounds that act as the unit sources for the above M units, Q units, D units and T units in
the amounts required to achieve the above molar ratio, and then, for example, performing a co-hydrolysis reaction in
the presence of an acid. Silane compounds represented by a formula (1) shown below may be used as the units sources
for the M units, Q units, D units and T units.

 RnSiX4-n (1)

In this formula, R is the same as defined above, X represents a halogen atom such as a chlorine atom, bromine atom
or fluorine atom, or an alkoxy group of 1 to 4 carbon atoms, and n represents an integer of 0 to 3. The halogen atom for
X is preferably a chlorine atom.
[0023] Specific examples of the silane compound represented by the formula (1) include methyltrichlorosilane, vinyl-
trichlorosilane, methyltrimethoxysilane, methyltriethoxysilane, vinylmethyldichlorosilane, vinylmethyldimethoxysilane, vi-
nylmethyldiethoxysilane, dimethyldichlorosilane, trimethylmethoxysilane, trimethylchlorosilane, trivinylchlorosilane, vi-
nyldimethylchlorosilane, tetrachlorosilane, tetramethoxysilane and tetraethoxysilane. For the Q unit source, sodium
silicate, alkyl silicates and polyalkyl silicates and the like can also be used.
[0024] The component (A) used in the present invention may be a mixture of an aforementioned organopolysiloxane
having a three dimensional network structure and a linear organopolysiloxane. The linear organopolysiloxane is preferably
a structure in which the main chain is composed of repeating diorganosiloxane units, and both molecular chain terminals
are blocked with triorganosiloxy groups, and among such structures, a linear organopolysiloxane represented by a
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general formula (2) shown below is particularly desirable. The linear organopolysiloxane may include a small amount
of branched structures within the molecular chain.

[0025] In the above formula, R is the same as defined above, and x represents 0 or a positive integer, is preferably
an integer within a range from 1 to 10,000, and more preferably from 5 to 2,000, and is an integer that yields a viscosity
for the organopolysiloxane at 23°C that is within a range from 10 to 1,000,000 mPa·s, and preferably from 100 to 100,000
mPa·s.
[0026] When the component (A) includes a linear organopolysiloxane, the amount of the linear organopolysiloxane
within the component (A) is preferably within a range from 20 to 70% by mass, and more preferably from 30 to 60% by
mass. If the amount of the organopolysiloxane having a three dimensional network structure is too small, then the strength
of the cured product may weaken, whereas if the amount is too large, then the viscosity of the resin composition increases,
and the cured product may become prone to cracking.

- (B) Organohydrogenpolysiloxane:

[0027] The component (B) is an organohydrogenpolysiloxane having at least two, preferably at least three, more
preferably from 3 to 1,000, still more preferably from 3 to 500, still more preferably from 3 to 200, and most preferably
from 4 to 100, hydrogen atoms bonded to silicon atoms (namely, SiH groups) within each molecule. A cured product is
formed when the SiH groups in the organohydrogenpolysiloxane react with the alkenyl groups in the component (A).
There are no particular limitations on the positions within the molecule of the hydrogen atoms bonded to silicon atoms,
and the SiH groups may be positioned at the molecular chain terminals, at non-terminal positions within the molecular
chain, or at both these positions. There are no particular limitations on the molecular structure of the organohydrogen-
polysiloxane of the component (B) provided the conditions described above are satisfied, and compounds having linear,
cyclic, branched or three dimensional network structures, preferably linear structure, can be used.
[0028] The number of silicon atoms within one molecule of the organohydrogenpolysiloxane (namely, the polymeri-
zation degree) is typically within a range from 2 to 1,000, preferably from 3 to 500, and more preferably from 4 to 150.
The viscosity at 23°C is preferably within a range from 0.1 to 100,000 mPa·s, and more preferably from 0.5 to 5,000
mPa·s, and an organohydrogenpolysiloxane that is liquid at room temperature (23°C) can be used particularly favorably.
[0029] Examples of this organohydrogenpolysiloxane include compounds represented by an average composition
formula (3) shown below.

 R1
bHcSiO(4-b-c)/2 (3)

In this formula, R1 represents an unsubstituted or substituted monovalent hydrocarbon group of 1 to 10 carbon atoms
that does not contain an alkenyl group or other aliphatic unsaturated bond, b represents a number from 0.7 to 2.1, and
c represents a number from 0.001 to 1.0, provided that b+c represents a number within a range from 0.8 to 3.0. b is
preferably a number from 1.0 to 2.0, c is preferably a number from 0.01 to 1.0, and b+c is preferably a number within a
range from 1.5 to 2.5.
[0030] Examples of the unsubstituted or substituted monovalent hydrocarbon group represented by R1 include alkyl
groups such as a methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, tert-butyl group,
pentyl group, neopentyl group, hexyl group, octyl group, nonyl group and decyl group; cycloalkyl groups such as a
cyclohexyl group; aryl groups such as a phenyl group, tolyl group, xylyl group and naphthyl group; aralkyl groups such
as a benzyl group, phenylethyl group and phenylpropyl group; and groups in which some or all of the hydrogen atoms
within one of the above hydrocarbon groups have each been substituted with a halogen atom such as a fluorine atom,
bromine atom or chlorine atom, such as a chloromethyl group, chloropropyl group, bromoethyl group and trifluoropropyl
group. Among these unsubstituted and substituted monovalent hydrocarbon groups, an alkyl group or aryl group is
preferred, and a methyl group or phenyl group is particularly desirable.
[0031] Organohydrogenpolysiloxanes having a branched or three dimensional network structure can be obtained, for
example, either by hydrolysis of a chlorosilane compound such as R1SiCl3, R1SiHCl2, (R1)3SiCl, (R1)2SiCl2 or (R1)2SiHCl
(wherein R1 is the same as defined above), or by equilibration of the siloxane obtained upon hydrolysis.
[0032] Examples of organohydrogenpolysiloxanes having a branched or three dimensional network structure include
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tris(dimethylhydrogensiloxy)methylsilane, tris(dimethylhydrogensiloxy)phenylsilane, copolymers composed of
(CH3)2HSiO1/2 units, (CH3)3SiO1/2 units and SiO4/2 units, copolymers composed of (CH3)2HSiO1/2 units and SiO4/2 units,
and copolymers composed of (CH3)2HSiO1/2 units, SiO4/2 units and (C6H5)3SiO1/2 units, and more specific examples
include the compounds shown below.

[0033] Specific examples of cyclic and non-cyclic organohydrogenpolysiloxanes include 1,1,3,3-tetramethyldisiloxane,
1,3,5,7-tetramethylcyclotetrasiloxane, tris(hydrogendimethylsiloxy)methylsilane, methylhydrogencyclopolysiloxane, cy-
clic copolymers of methylhydrogensiloxane and dimethylsiloxane, methylhydrogenpolysiloxane with both terminals
blocked with trimethylsiloxy groups, copolymers of dimethylsiloxane and methylhydrogensiloxane with both terminals
blocked with trimethylsiloxy groups, dimethylpolysiloxane with both terminals blocked with dimethylhydrogensiloxy
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groups, copolymers of dimethylsiloxane and methylhydrogensiloxane with both terminals blocked with dimethylhydro-
gensiloxy groups, copolymers of methylhydrogensiloxane and diphenylsiloxane with both terminals blocked with trimeth-
ylsiloxy groups, copolymers of methylhydrogensiloxane, diphenylsiloxane and dimethylsiloxane with both terminals
blocked with trimethylsiloxy groups, copolymers of methylhydrogensiloxane, methylphenylsiloxane and dimethylsiloxane
with both terminals blocked with trimethylsiloxy groups, copolymers of methylhydrogensiloxane, dimethylsiloxane and
diphenylsiloxane with both terminals blocked with dimethylhydrogensiloxy groups, and copolymers of methylhydrogen-
siloxane, dimethylsiloxane and methylphenylsiloxane with both terminals blocked with dimethylhydrogensiloxy groups.
[0034] Further, examples of linear organohydrogenpolysiloxanes include structures of the formula shown below.

[0035] In this formula, e and d are integers that satisfy 0≤e≤998, 0≤d≤998 and 0<e+d<998, and preferably satisfy
1<e+d<298 and more preferably 2<e+d<148, and d is preferably more than 0 (d>0), more preferably not less than 2
(d^2), r represents an integer of 0 to 3, preferably r is 0, and R1 is the same as defined above, provided that the
organohydrogenpolysiloxane has at least two hydrogen atoms bonded to silicon atoms within each molecule.
[0036] The amount added of the organohydrogenpolysiloxane of the component (B) is sufficient to provide from 0.1
to 4.0 mols, preferably from 0.8 to 3.0 mols, and more preferably from 0.9 to 2.0 mols, of hydrogen atoms bonded to
silicon atoms within the component (B) per 1 mol of all the alkenyl groups within the composition. If the amount of the
component (B) is too large, then a large amount of unreacted SiH groups remain in the cured product, which can cause
a change in the physical properties of the cured product over time, and is therefore undesirable. In this description, if a
component (D) described below is included within the composition as another component that contains alkenyl groups,
then the expression "all the alkenyl groups within the composition" refers to the combination of the alkenyl groups within
the component (D) and the alkenyl groups within the component (A), whereas if there are no components containing
alkenyl groups besides the component (A), then "all the alkenyl groups" refers to only the alkenyl groups within the
component (A).

- (C) Photoactive Catalyst:

[0037] There are no particular limitations on the component (C), provided it is a catalyst that exhibits photoactivity, but
photoactive platinum group metal catalysts or nickel-based catalysts are preferred. Examples of the photoactive platinum
group metal catalysts include platinum-based, palladium-based and rhodium-based catalysts, and among these, plati-
num-based catalysts are preferred. Specific examples of photoactive platinum-based catalysts include β-diketonate
platinum complex catalysts such as trimethyl(acetylacetonato)platinum complex, trimethyl(3,5-heptanedionate)platinum
complex, trimethyl(methylacetoacetate)platinum complex, bis(2,4-pentanedionato)platinum complex, bis(2,4-hexanedi-
onato)platinum complex, bis(2,4-heptanedionato)platinum complex, bis(3,5-heptanedionato)platinum complex, bis(1-
phenyl-1,3-butanedionato)platinum complex, bis(1,3-diphenyl-1,3-propanedionato)platinum complex and bis(acetylac-
etonato) platinum complex. Further, trimethyl(methylcyclopentadienyl)platinum can also be used. Examples of the pho-
toactive nickel-based catalysts include bis(2,4-pentanedionato)nickel complex. One of these catalysts may be used
alone, or two or more catalysts may be used in combination. Of the various possibilities, the catalyst used in the curing
method of the present invention is preferably bis(2,4-pentanedionato)platinum complex or a so-called bis(acetylaceto-
nato)platinum(II) complex.
[0038] The amount added of the component (C) need only be an effective amount, and a typical amount, calculated
as an equivalent amount (by mass) of the platinum group metal relative to the combined mass of the component (A)
and the component (B), is within a range from 0.1 to 1,000 ppm, and preferably from 0.5 to 200 ppm. Provided the
amount is within the above range, the photocurable silicone resin composition can be cured within a short period of time.

- Optional Components:

[0039] Where necessary, the composition used in the present invention may also include other optional components
besides the components (A) to (C), provided the inclusion of these optional components does not impair the objects and
effects of the present invention.



EP 2 570 463 A1

8

5

10

15

20

25

30

35

40

45

50

55

-- (D) Adhesion Assistant:

[0040] Examples of adhesion assistants that may be added include linear or cyclic organosiloxane oligomers, and
organooxysilyl-modified isocyanurate compounds and/or hydrolysis-condensation products thereof (organosiloxane-
modified isocyanurate compounds), wherein each molecule contains from 4 to 50, and preferably from 4 to 20, silicon
atoms, and also contains at least two, and preferably two or three, functional groups selected from among a hydrogen
atom bonded to a silicon atom (SiH group), an alkenyl group bonded to a silicon atom (such as a -Si-CH=CH2 group),
an alkoxysilyl group (such as a trimethoxysilyl group), an epoxy group (such as a glycidoxypropyl group or 3,4-epoxy-
cyclohexylethyl group) and a (meth)acrylate group, wherein these compounds falling under component (A) or (B) are
excluded. One of these adhesion assistants may be used alone, or two or more may be used in combination.
[0041] Specific examples of the adhesion assistant include the compounds shown below.

[0042] Further, besides the compounds described above, a compound shown below may also be used as an adhesion
assistant.

[0043] The amount added of the adhesion assistant is preferably within a range from 0.1 to 20 parts by mass, more
preferably from 0.2 to 10 parts by mass, and still more preferably from 0.5 to 5 parts by mass, per 100 parts by mass of
the component (A). If the amount of the adhesion assistant is too large, then the hardness of the cured product may be
adversely affected, and surface tack may be increased.

-- Other Optional Components:

[0044] Other compounds that have the effect of retarding or controlling the curing reaction may also be added as
optional components. Any of the various conventional compounds that have been proposed for this role may be used,
and specific examples include phosphorus-containing compounds such as triphenylphosphine, nitrogen-containing com-
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pounds such as tributylamine, tetramethylethylenediamine and benzotriazole, sulfur-containing compounds, acetylene-
based compounds, compounds having two or more alkenyl groups, hydroperoxy compounds, and maleic acid derivatives.
The degree of the curing delay effect provided by these compounds varies significantly depending on the chemical
structure of the compound. Accordingly, the amount added should be adjusted to the optimum amount for the particular
compound being used. Generally, if the amount added is too small, then long-term storage stability at room temperature
cannot be achieved, whereas if the amount added is too large, curing may be inhibited.
[0045] Other optional components that may be used include inorganic fillers such as fumed silica, crystalline silica,
precipitated silica, hollow fillers, polyorganosilsesquioxanes, fumed titanium dioxide, magnesium oxide, zinc oxide, iron
oxide, aluminum hydroxide, magnesium carbonate, calcium carbonate, zinc carbonate, layered mica, carbon black,
diatomaceous earth and glass fiber; and fillers prepared by subjecting the above inorganic fillers to surface treatment
with an organosilicon compound such as an organoalkoxysilane compound, organochlorosilane compound, organosila-
zane compound or low-molecular weight siloxane compound. Further, silicone rubber powders and silicone resin powders
may also be used. These fillers may be added as appropriate, in amounts that do not impair the effects of the present
invention.
[0046] Moreover, the photocurable silicone resin composition used in the present invention may also include, for
example for the purpose of adjusting the hardness of the thin film in a semi-cured state obtained in step (ii), an organ-
opolysiloxane containing one hydrogen atom bonded to a silicon atom (SiH group) in each molecule and/or a non-
crosslinkable organopolysiloxane that contains neither a hydrogen atom nor an alkenyl group bonded to a silicon atom.
Furthermore, organic solvents, creep hardening inhibitors, heat resistance-imparting agents, flame retardants, plasticiz-
ers, thixotropy-imparting agents, pigments, dyes and fungicides and the like may also be added to the composition as
required, in amounts that do not impair the effects of the present invention.
[0047] The photocurable silicone resin composition used in the present invention is prepared by combining the com-
ponents described above in the prescribed composition ratio, and then mixing the components uniformly together via a
normal method using a planetary mixer or Shinagawa mixer or the like. The viscosity of the composition used in the
present invention, measured at 23°C using a rotational viscometer, is preferably within a range from 10 to 1,000,000
mPa·s, and more preferably from 100 to 100,000 mPa·s.

<Step (i)>

[0048] In this step, the photocurable silicone resin composition is applied to a substrate to form a coating film.
[0049] There are no particular limitations on the method used for applying the composition, and examples include a
spin coating method, dip coating method, spray coating method, roll coating method, knife coating method, curtain
coating method, electrostatic coating method, CVD method or drop casting method.
[0050] Examples of the material of the substrate include metals such as silver, ceramics such as alumina, and organic
materials such as PPA.

<Step (ii)>

[0051] In this step, the coating film obtained in step (i) is irradiated with light to obtain a thin film in a semi-cured state.
[0052] The light that is irradiated onto the coating film:

(a) has a spectrum having a maximum peak in the wavelength region from 300 nm to 400 nm, and
(b) has a spectral irradiance for light of any wavelength in the spectrum within the wavelength region shorter than
300 nm that is not more than 5%, preferably not more than 1%, more preferably not more than 0.1%, and most
preferably 0 %, of the spectral irradiance of light of the maximum peak wavelength.

[0053] The spectral irradiance for light of any wavelength within the wavelength region shorter than 300 nm is preferably
as close to 0 as possible. If light that includes a wavelength which is within the wavelength region shorter than 300 nm
and has a spectral irradiance that is greater than 5% of the spectral irradiance of light of the maximum peak wavelength
is irradiated onto the coating film, then a portion of the photoactive catalyst of the component (C) is deactivated, making
curing of the resin composition difficult.
[0054] Provided the light that is irradiated onto the coating film satisfies the conditions (a) and (b) described above,
there are no limitations on the spectrum of the light emitted by the light source (the emission spectrum), and for example,
the conditions (a) and (b) may be satisfied by passing the light through an optical filter or the like.
[0055] The dose (intensity) of the light irradiated onto the coating film, reported as an integral of light, is preferably
within a range from 100 to 100,000 mJ/cm2, more preferably from 100 to 10,000 mJ/cm2, and still more preferably from
100 to 5,000 mJ/cm2. Provided the irradiation dose (intensity) satisfies the above range, the photocurable silicone resin
composition can be cured to a semi-cured state by performing light irradiation for an extremely short period of time.
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[0056] Although there are no particular limitations on the type of light irradiated onto the coating film, ultraviolet light
is preferred. The irradiated ultraviolet light may be light having a plurality of emission spectra or light having a single
emission spectrum. Further, the single emission spectrum may be a broad spectrum in the region from 300 to 400 nm.
The light having a single emission spectrum has a peak (namely, a maximum peak wavelength) within a range from 300
to 400 nm, and preferably from 350 to 380 nm. Examples of light sources that emit this type of light include ultraviolet
light emitting semiconductor light sources such as an ultraviolet light emitting diode (UV-LED) and an ultraviolet light
emitting semiconductor laser.
[0057] Examples of light sources that emit light having a plurality of emission spectra include lamps such as a metal
halide lamp, xenon lamp, carbon-arc lamp, chemical lamp, sodium lamp, low-pressure mercury lamp, high-pressure
mercury lamp and ultra high-pressure mercury lamp, gas lasers such as a nitrogen gas laser, liquid lasers using organic
dye solutions, and solid-state lasers using an inorganic single crystal containing a rare-earth ion. For example, a conveyor-
type UV irradiation apparatus can be used.
[0058] In those cases where the emission spectrum of the light has a peak in the wavelength region shorter than 300
nm, or those cases where the emission spectrum includes a wavelength within the wavelength region shorter than 300
nm that has a spectral irradiance that is greater than 5% of the spectral irradiance of light of the maximum peak wavelength
within the emission spectrum (for example, where the emission spectrum is very broad and spans a wide wavelength
region), an optical filter may be used to remove light having a wavelength within the wavelength region shorter than 300
nm. Such optical filtering can be used to ensure that the spectral irradiance at any wavelength within the wavelength
region shorter than 300 nm that is not more than 5%, preferably not more than 1%, more preferably not more than 0.1%,
and most preferably 0%, of the spectral irradiance at the maximum peak wavelength. In those cases where a plurality
of peaks exist in the emission spectrum within the wavelength region from 300 to 400 nm, the peak wavelength that
exhibits the largest irradiance is deemed to be the maximum peak wavelength.
[0059] There are no particular limitations on the optical filter, provided it is capable of cutting wavelengths shorter than
300 nm, and conventional filters may be used. For example, a 365 nm band pass filter or the like may be used. The
irradiance and spectral distribution of ultraviolet light can be measured using a spectroradiometer such as a USR-45D
device (manufactured by Ushio Inc.).
[0060] The time period for which the light is irradiated onto the coating film of the photocurable silicone resin composition
may be extremely short. For example, if the coating film is irradiated for 0.5 to 10 seconds, and particularly for 1 to 5
seconds, then the irradiated portions of the photocurable silicone resin composition will cure over the subsequent 10 to
600 seconds, and particularly 60 to 300 seconds, forming a semi-cured state.
[0061] In the present invention, the expression "semi-cured state" describes a state in which the curing reaction of the
aforementioned photocurable silicone resin composition has partially progressed, so that the resin composition has lost
fluidity and become insoluble in the solvent used in a developing treatment described below. Accordingly, the curing
reaction has not proceeded to completion. The resin composition is completely cured by performing heating in step (iii),
but until the curing reaction is completed by this heating, the semi-cured film composed of the resin composition is able
to maintain the desired shape, without flowing.
[0062] In one embodiment of the method of the present invention, when light is irradiated onto the coating film during
step (ii), the light is irradiated through a mask that is used for forming a pattern, thus forming a patterned thin film in a
semi-cured state, and by subsequently subjecting the thin film to a developing treatment to remove the uncured portions,
and then supplying the thin film in a semi-cured state to step (iii), a patterned cured thin film can be formed.
[0063] Specifically, the developing treatment can be performed by washing the exposed film with an appropriate
solvent. This washing removes the unexposed portions of the film, so that only the exposed semi-cured portions of the
film remain as a pattern. Examples of the solvent used as the developing liquid include aromatic hydrocarbon solvents
such as benzene, toluene, xylene, mesitylene, ethylbenzene and diethylbenzene; aliphatic or alicyclic hydrocarbon
solvents such as pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, decahydronaphthalene and p-
menthane; halogenated hydrocarbon solvents such as dichloromethane, chloroform, chlorobenzene, dichlorobenzene
and trichlorobenzene; alcohol-based solvents such as methanol, ethanol, 1-propanol, 2-propanol and ethylene glycol;
glycol-based solvents such as butyl carbitol; ether-based solvents such as THF, diethyl ether and dioxane; ketone-based
solvents such as acetone, cyclohexanone and methyl ethyl ketone; and ester-based solvents such as ethyl acetate and
butyl acetate, although this is not an exhaustive list. These solvents may be used individually, or two or more solvents
may be mixed.
[0064] By performing heat curing in step (iii), the thus obtained patterned semi-cured film can form a completely cured
film having the same shape as the photomask pattern.
[0065] The start time for curing of the photocurable silicone resin composition used in the present invention can be
set freely by specifying the time of light irradiation, and therefore the photocurable silicone resin composition exhibits
excellent pot life following preparation, and the composition can be stored at room temperature without the curing reaction
progressing, and without any increase in the viscosity of the composition.
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<Step (iii)>

[0066] In step (iii), the thin film in a semi-cured state obtained in step (ii) is completely cured by heating. Because the
thin film is in a semi-cured state, the resin composition does not flow during the heating, and curing can be performed
with the initially intended thickness and shape maintained. The heat curing is performed at a temperature within a range
from 25 to 200°C, and preferably from 100 to 180°C, for a period of 3 minutes to 72 hours, and preferably 1 to 6 hours.
The heat curing conditions may be set appropriately so as to achieve a good balance between operating conditions and
productivity, and the heat resistance of the light emitting element and the casing. In those cases where transfer molding
or injection molding is used, molding is preferably performed at a temperature of 150 to 180°C and a pressure of 20 to
50 kgf/cm2 for a period of 1 to 5 minutes. Further, post-curing (or secondary curing) may be performed at 150 to 200°C
for 1 to 4 hours. The resulting cured thin film has a thickness of not more than 1 mm, preferably not more than 0.1 mm,
and more preferably within a range from 0.01 to 0.1 mm.
[0067] The cured film obtained using the method of the present invention exhibits excellent heat resistance and optical
transparency. Further, at a thickness of 1 mm and a temperature of 23°C, the cured film has a transmittance for light of
wavelength 450 nm that is within a range from 90 to 100%, and preferably from 95 to 100%. Accordingly, the cured film
can be used favorably as an encapsulating material for optical semiconductor elements such as light emitting diodes
(LED), organic electroluminescent elements (organic EL), laser diodes and LED arrays.
[0068] There are no particular limitations on the configuration employed for encapsulating an optical semiconductor
element with the cured film obtained using the method of the present invention, and for example, a method may be used
in which the photocurable silicone resin composition described above is used to cover an optical semiconductor element
disposed inside a casing having an opening, and the resin composition is then cured. Alternatively, an optical semicon-
ductor element may be mounted on a matrix-type substrate, and a printing method, transfer molding method, injection
molding method or compression molding method then used to encapsulate the optical semiconductor element with the
photocurable silicone resin composition. In those cases where the optical semiconductor element is coated and protected
using a potting or injection method, the composition is preferably a liquid.

EXAMPLES

[0069] The present invention is described below in further detail based on a series of examples and comparative
examples, but the present invention is in no way limited by the examples presented below. In the following description,
the units "parts" refer to "parts by mass". Viscosity values refer to values measured at 23°C (using a digital viscometer
DV-II+ Pro, manufactured by Brookfield Engineering Labs, Inc.).

- Materials Used -

- (A) Alkenyl group-containing organopolysiloxane

[0070] A branched polymethylvinylsiloxane comprising 16 mol% of SiO2 units, 20 mol% of (CH3)3SiO1/2 units, 4 mol%
of Vi(CH3)2SiO1/2 units and 60 mol% of (CH3)2SiO units, having a viscosity of 40 Pa·s, and containing 54 mmol of vinyl
groups per 100 g of the compound (polystyrene-equivalent weight-average molecular weight determined by GPC: 63,000,
manufactured by Shin-Etsu Chemical Co., Ltd.). The organopolysiloxane contains 34 vinyl groups per molecule.

- (B) Organohydrogenpolysiloxane

[0071] A methylhydrogenpolysiloxane represented by a formula shown below (amount of SiH groups: 1.56 mol/100
g, viscosity: 5 mPa·s, manufactured by Shin-Etsu Chemical Co., Ltd.).

- (C) Photoactive catalysts

[0072] (C-1): bis(acetylacetonato)platinum(II) (manufactured by Tokyo Kasei Kogyo Co., Ltd.)
[0073] (C-2): trimethyl(methylcyclopentadienyl)platinum (manufactured by Sigma-Aldrich Japan Co. LLC.)
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- (C’) Non-photoactive catalyst

[0074] (C’-1): platinum vinylsiloxane complex (manufactured by Shin-Etsu Chemical Co., Ltd.)

- Curing retarder

[0075] Acetylene alcohol-based ethynylcyclohexanol (manufactured by Shin-Etsu Chemical Co., Ltd.)

[Preparation Examples 1, 2]

- Preparation of photocurable silicone resin compositions 1 and 2 -

[0076] In each preparation example, the components shown in Table 1 were combined in the amounts and relative
composition shown, and were mixed uniformly in a mixer and then degassed, yielding a colorless and transparent liquid
composition. In Table 1, the amount of the platinum catalyst represents the equivalent amount of platinum metal (by
mass) relative to the combined mass of the component (A) and the component (B).
[0077] In Table 1, the value "SiH groups/Vi groups" represents the molar ratio of the amount of SiH groups within the
organohydrogenpolysiloxane of the component (B) relative to the total amount of vinyl groups within the organopolysi-
loxane of the component (A).

[Preparation Example 3]

- Preparation of non-photocurable silicone resin composition 3 -

[0078] The components shown in Table 1 were combined in the amounts and relative composition shown, and were
mixed uniformly in a mixer and then degassed, yielding a colorless and transparent liquid composition. In Table 1, the
amount of the platinum catalyst represents the equivalent amount of platinum metal (by mass) relative to the combined
mass of the component (A) and the component (B).

- Evaluation of pot life -

[0079] In the present description, the pot life of a silicone resin composition refers to the time taken, when all of the
components are mixed together to prepare the composition and the composition is then left to stand at 23°C, for the
viscosity to increase over time to a value that is twice that of the initial viscosity measured immediately following prep-
aration.
[0080] Each of the silicone resin compositions 1 to 3 prepared in the preparation examples 1 to 3 was placed in a
brown-colored bottle, and the brown bottle was then immersed in a constant temperature bath at 23°C and left for 2
weeks. After two weeks had elapsed, the viscosity was measured, and the degree of change in the viscosity from the
initial viscosity value was determined. The results are shown in Table 1.

[Table 1]

Preparation Example 1 Preparation Example 2 Preparation Example 3

Silione resin composition 1 2 3

(A) Organopolysiloxane (parts) 100 100 100

(B) Organohydrogenpolysiloxane 
(parts)

3.8 3.8 3.8

(C-1) bis(acetylacetonato)platinum
(II)

5 ppm

(C-2) 
trimethyl(methylcyclopentadienyl)
platinum

5 ppm

(C’-1) platinum vinylsiloxane 
complex

5 ppm

Curing retarder (parts) 0.25
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<Evaluations>

[0081] In the case of the silicone resin composition 3 that used the non-photoactive platinum catalyst, because the
catalyst exhibited activity even without the irradiation of light, the composition cured in 3 days despite the addition of the
curing retarder. It was evident that the pot life was extremely short, meaning the practical applicability of the composition
was poor.
[0082] The photocurable silicone resin compositions 1 and 2 according to the present invention displayed an increase
in viscosity of 1.2 to approximately 1.3 times even after 2 weeks had elapsed following preparation, confirming that the
pot life exceeded 2 weeks.

- Formation of patterned thin films on silicon wafers -

[Example 1]

[0083] The silicone resin composition 1 was diluted with toluene to form a solution having a viscosity of not more than
10 mPa·s, and the solution was then applied to a 6-inch p-type silicon wafer by spin coating at 4,000 rpm over an
operating time of 60 seconds, thus forming a coating film. During the coating operation, most of the toluene solvent
evaporated.
[0084] A spacer of thickness 0.18 mm, a glass plate of thickness 1 mm, a lead frame used for pattern formation, and
a 365 nm band pass filter (manufactured by Ushio Inc.) were stacked sequentially on top of the obtained coating film,
and a conveyor-type UV irradiation apparatus (manufactured by Iwasaki Electric Co., Ltd.) was used to irradiate the
coating film with an integral of light of 800 mJ/cm2. Subsequently, the surface of the wafer was washed and developed
with hexane, leaving a patterned thin film on the wafer surface. Subsequently, the wafer was placed in a dryer and cured
by heating at 150°C for 60 minutes, thus obtaining a patterned cured thin film.
[0085] FIG. 1 illustrates, as a dashed line, the spectrum of light that was not passed through the aforementioned band
pass filter, and illustrates, as a solid line, the spectrum of light that was passed through the band pass filter.

[Example 2]

[0086] With the exception of using the silicone resin composition 2 instead of the silicone resin composition 1, processing
was performed in the same manner as the example 1. A patterned cured thin film was obtained.

[Comparative Example 1]

[0087] With the exception of using the silicone resin composition 3 instead of the silicone resin composition 1, processing
was attempted in the same manner as the example 1. However, during the developing treatment, the entire film was
washed off and removed from the wafer surface.

[Examples 3 to 5]

[0088] In each of the examples 3 to 5, the silicone resin composition 1 was diluted with toluene to form a solution
having a viscosity of not more than 10 mPa·s. The thus obtaining coating solution was then applied to a 6-inch p-type
silicon wafer by spin coating over an operating time of 60 seconds. In the examples 3, 4 and 5, the speed of revolution
during the spin coating was set to 5,000 rpm, 6,000 rpm and 7,000 rpm respectively. In each example, the obtained
coating film was irradiated with light, subjected to a developing treatment with hexane, and then cured by heating in the
same manner as that described for the example 1. As a result, patterned cured films having the thickness values shown
in Table 2 were obtained.

(continued)

Preparation Example 1 Preparation Example 2 Preparation Example 3

SiH groups/Vi groups 1.1 1.1 1.1

Initial viscosity (Pa·s) 6.47 6.39 7.02

Viscosity after 2 weeks (Pa·s) 8.19 7.65
measurement 

impossible

Change in viscosity 1.27 times 1.2 times cured after 3 days
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[Comparative Examples 2, 3]

[0089] Light having the spectrum shown by the dashed line in FIG. 1, which had not passed through the band pass
filter, was used as the light irradiated onto the coating film. This light included wavelengths across a range from 200 to
600 nm, wherein the maximum peak wavelength was at 380 nm, and the spectral irradiance at a wavelength of 270 nm,
which represents a smaller wavelength than 300 nm, was 17% of the spectral irradiance at the maximum peak wavelength.
With the exception of using this light, coating film formation, light irradiation, and the developing treatment with hexane
were attempted in the same manner as that described for the example 1, but the film was washed away during the
developing treatment, and a patterned cured film could not be obtained.

- Evaluation of Patterning -

[0090] In those cases where a patterned cured film having a uniform thickness and the desired shape was obtained,
the patterning was evaluated as "good". In those cases where either a patterned cured film was not formed, or a patterned
film was formed but the thickness uniformity or the shape precision was unsatisfactory, the patterning was evaluated as
"poor".

<Evaluations>

[0091] In the examples 1 to 5, cured films having a uniform thickness and a high-precision pattern of the desired shape
were formed.
[0092] In the comparative examples 2 and 3, despite the use of a photoactive catalyst, the irradiated films were washed
away by the developing liquid (hexane) during the developing treatment, and a pattern was not formed.
[0093] The method of producing a cured film according to the present invention enables a cured film having a desired
thickness and shape to be formed easily and with good precision, in a manner similar to a method that uses an n-type
photoresist. The photocurable silicone resin composition used in the present invention has excellent pot life, meaning
workability is good, and the obtained thin film exhibits excellent heat resistance and optical transparency, meaning the
composition can be used favorably for encapsulating optical semiconductor elements such as light emitting diodes.

Claims

1. A method of producing a cured thin film by curing a photocurable silicone resin composition comprising:

(A) an organopolysiloxane having two or more alkenyl groups within each molecule,

[Table 2]

Example Comparative example

1 2 3 4 5 1 2 3

Silicone resin 
composition

1 2 1 1 1 3 1 2

Revolution 
speed during 
spin coating 

(rpm)

4000 4000 5000 6000 7000 4000 4000 4000

Wavelength of 
irradiated light 

(nm)
365 365 365 365 365 365 200 to 400 200 to 400

Cured film 
thickness 

(mm)
40 40 25 20 10

Coating film 
washed 

away during 
developing

Coating film 
washed 

away during 
developing

Coating film 
washed 

away during 
developing

Patterning 
evaluation

good good good good good poor poor poor
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(B) an organohydrogenpolysiloxane having two or more hydrogen atoms bonded to silicon atoms within each
molecule, in an amount that is sufficient to provide from 0.1 to 4.0 mols of hydrogen atoms bonded to silicon
atoms per 1 mol of alkenyl groups within the composition, and
(C) an effective amount of a photoactive catalyst,

wherein the method comprises:

(i) obtaining a coating film by applying the silicone resin composition to a substrate,
(ii) obtaining a thin film in a semi-cured state by partially curing the coating film by irradiation with a light, and
(iii) heating the thin film in a semi-cured state to achieve complete curing, and wherein a spectrum of the light
irradiated in step (ii) has a maximum peak in a wavelength region from 300 nm to 400 nm, and

a spectral irradiance of light of any wavelength in the spectrum within a wavelength region shorter than 300 nm is
not more than 5% of a spectral irradiance of light of the maximum peak wavelength.

2. The method of producing a cured thin film according to claim 1, wherein the light irradiated in step (ii) is passed
through an optical filter to remove a wavelength region of the emission spectrum shorter than 300 nm, thus ensuring
that a spectral irradiance of light of any wavelength within the wavelength region shorter than 300 nm is not more
than 5% of a spectral irradiance of light of the maximum peak wavelength.

3. The method of producing a cured thin film according to claim 1 or 2, wherein when the light is irradiated onto the
coating film during step (ii), the light is irradiated through a mask that is used for forming a pattern, thus forming a
patterned thin film in a semi-cured state, the thin film is then subjected to a developing treatment to remove uncured
portions, and the thin film in a semi-cured state is subsequently supplied to step (iii), thereby forming a patterned
cured thin film.

4. The method of producing a cured thin film according to any one of claims 1 to 3, wherein the organopolysiloxane
of component (A) comprises SiO4/2 units and R3SiO1/2 units, and each R independently represents an unsubstituted
or substituted monovalent hydrocarbon group of 1 to 10 carbon atoms.

5. The method of producing a cured thin film according to claim 4, wherein the organopolysiloxane of component (A)
further comprises R2SiO units and/or RSiO3/2 units, and R is as defined above.

6. The method of producing a cured thin film according to claim 4, wherein the organopolysiloxane of component (A)
further comprises R2SiO units, and R is as defined above.

7. The method of producing a cured thin film according to any one of claims 1 to 5, wherein component (C) is selected
from a β-diketonate platinum complex catalyst, bis(acetylacetonato)platinum complex catalyst, and a mixture thereof.

8. A cured thin film, obtained using the method defined in any one of claims 1 to 7.

9. A semiconductor device, comprising the cured thin film defined in claim 8.
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