DESCRIPTION
TITLE OF THE INVENTION: PHOSPHCR-CONTAINING CURED SILICONE,
PRCCESS FOR PRODUCTION OF SAME, PHOSPHOR-CONTAINING SILICONE
COMPOSITION, PRECURSOR OF THE COMPOSITION, SHEET-SHAPED
MOLDINGS, LED PACKAGE, LIGHT -EMITTING DEVICE, AND PROCESS FOR

PRODUCTION OF LEb—MOUNTED SUBSTRATE

TECHNICAL FIELD
[0001]

The present invention relates to a cured silicone
containing a phosphor, a process for production of the same,
a phosphor-containing silicone composition, a precursor of the
composition, a sheet, an LED package, a light-emitting device
and a process for production of an LED-mounted substrate. More
particularly, the present invention relates to a cured silicone
having a phosphor uniformly dispersed therein, which is cured
by hydrosilylation. Also, the present invention relates to a
process for production of an LED-mounted substrate. More
particularly, the present invention relates to a process for
production of an LED-mounted substrate by which a plurality of

LED elements can be continuously mounted in a batch manner.

BACKGROUND ART
[0002]

A light emitting diode (LED) is characterized by low power



consumption, long lifespan, aesthetics, etc., based on
remarkable improvement of its luminous efficiency. Thus, its
market is répid&;rexpanding for applications as a backlignt for
liguid crystal displays (LCDs) or a special lighting field.
Alsc, due to an additional improvement of luminous efficiency,
as it is characterized by the low environmental load as
described above, a huge market is expected to be formed in a
geﬁeﬁal lighting field in the future.

[00023]

Meanwhile, since the emission spectrum of an LED is
dependent on a semiconductor material forming an LED chip, a
phosphor suitable for each chip has to be installed on the LED
chip so as to achieve white light for LCD backlights or general
lightings. More particularly, a method of installing a yellow
phosphor on an LED chip emitting blue light, a method of
installing red and green phosphors on a blue LED chip, and aiso
a method of installing red, green and blue éhosphors on an LED
chip emitting ultraviolet rays have been proposed. However,
a method of installing a yellcw phosphor cn a blue LED and a
methoed of installing red and green phosphors on a blue phosphor
are currently the most widely used from the viewpoints of the
luminous efficiency and cost of the LED chip.

[0004]
As one method of installing a phosphor on an LED chip,

~a method of forming a filmon a chip using a polymer composition



in which a phosphor 1s dispersed and then sealing the film with
a silicone-based material having high transparency and good

thermal resistance and lichtfastness has been performed.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[6005]

For example, Patent Documents 1 and 2 discuss that silica
particles are used so as toprovide various kinds of performance
such as higher hardness, higher cold/heat shock resistance and
lower gas permeability even in silicone-based materials, and
also discuss that a silicone-based material is used as a
material in which a phosphor is dispersed so as to achieve high
hardness and cold/heat shock resistance in addition to high
transparency. Particulérly, Patent Document 2 discloses that
the silica particles héving organopclysiloxane grafted into a
surface thereof may be used tc enable the light transmission
and strength of a cured film to be compatible with each other
and also prevent precipitation of a phosphor without expressing
thixotropy.

[0006]

Also, for example, Patent Document 3 proposes a technigue
for uniformly dispersing core-shell type fine silicone
particles in a resin such as a silicone resin so as to inhibit

precipitation c¢f a phosphor.



[0607]

Chromaticity of light emitted by an LED module is
generated due to both of a deviation for the LED element (a
wavelength shift and a brightness deviation of light emitted
by the LED element) and a deviation for the phosphor (a deviation
of an amount of the phosphor included in a sezling resin, and
biaging cof distribution of the phosphor in the gsealing resin
by the precipitation). For example, Patent Document 4 proposes
a method of classifying LED modules according to the shifting
of chromaticity and employing only the LED modulesg belonging
to the same class as an LED light-emitting member so as to reduce
the chromaticity deviation between the LED modules in the LED
light-emitting member in the case of the LED light-emitting
member having the plurality of LED modules mounted therein.

Patent Document 1: Japanese Patent Application Laid-open
Publication No. 2009-173694

Patent Document 2: Japanesge Patent Applicaticn Laid-open
Publication No. 2005-120437

Patent Document 3: Japanese Patent Application Laid-open
Publication No. 2006-339581

Patent Document 4: Japanese Patent Application Laid-open

Publication No. 2010-44874

SUMMARY

PROBLEMS TO BE SOLVED



[0008]

The techniques of Patent Documents 1 and 2 have prcblems
in that a precipitation inhibition effect of the phosphor is
insufficient, and the transparency is also insufficient.
[00089]

The technique of Patent Document 3 has room for improving
lightfastness and thermal resistance of a resin itself, andalso
has a problem to be solved, for example, requiring a complicated
process to obtain core—sheli type fine particles.

10010}

The technique of Patent Document 4 requir.es use of special
particles whose production process is complicated, and a more
convenient method using an inexpensive raw material has been
regquired.

[0011]

The present disclosure paid attention to these problems,
and an object thereof ig to provide a cured silicone in which
a phosphor is uniformly dispersed, and a silicone composition
capable of inhibiting precipitation of the phosphor and also
preventing a large increase in thixotropy so as to obtain the
cured product, which are characterized in that a silicone
material has good thermal resistance and lightfastness.
[0012]

Also, the conventional methods take a great deal of

efforts and cost to produce an LED light-emitting member having



a small chromaticity deviation since they require
classification of the LED modules. In order to solve these
problems, however, the present disclosure provides a method of
conveniently manufacturing the LED light-emitting member

having a small chromaticity deviation at a low cost.

SOLUTIONS TO THE PROBLEMS
[0013]

That 1g, the phogphor-containing cured silicone
according to the present disclosure is a cured silicone which
has a structure represented by general formulae (1) and/or (2)
and also has units selected from general formulae (3) and/or
(4}, the phosphor-containing cured silicone includes a phosphor
and particies having units selected from general formulae (3)

and/or (4).

f00141]
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[0015]

In Formula 1, R* to R® are each a hydrogen atom, a methyl



group, an ethyl group or a propyl group, X represents a methylene
group, a dimethylene group or a trimethylene group, and may be
the same or different, and R* to R® are each a substituted or
unsubstituted monovalent hydrocarbon group, and may be the same
or different.

In a first aspect, there is provided a
phosphor-containing cured silicone that is a cured silicone
which has a structure represented by general formulae (1) and/or
(2) and also has units selected from general formulae (3} and/or
(4), the phosphor-containing cured silicone includes a phesphor
and particles having units selected from general formulae (3)
and/or (4) said particles produced in the presence of a

polymeric dispersing agent:

[Chem. 1]
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wherein R* to R® are each a hydrogen atom, a methyl group,
an ethyl group or a propyl group; X represents a methylene group,
a dimethylene group or a trimethylene group, and may be the same
or different; andR* toR® are each a substituted or unsubstituted
monovalent hydrocarbon group, and may be the same or different.

Also, the phosphor-containing silicone composition
according to the present disclosure is a silicone composition
for production of the phosgsphor-containing cured silicone.
Here, the phosphor-containing silicone composition is a
phosphor-containing silicone composition produced by mixing
the following components (&) to (E):

Component (&): a compound having units selected from
general formulae (5) and/or (6) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component (B) : a compound having structures selected from
general formulae {(5) and/or (6} and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atoms in
one molecule;

Component (C}: a hydrosilylatién catalyst;

Component (D}: a phosphor; and

Component (E): particles having units selected from
general formulae (5) and/or (6&).

[0016]

[Chem. 2]
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(R7TRESIO, ,,) (5)

(RESIO, ) (6)
[0017]

In Formula 2, R’ to R® are each a substituted or
unsubstituted monovalent hydrocarbon group, and may be the same
or different.

In a second aspect, there is provided a
phosphor-containing silicone composition that is a silicone
compoesition for production of the phosphor-containing cured
gilicone defined above, the phosphor-containing silicone
composition is produced by mixing the following components (A)
to (Ej}:

Component (A&): a compound having units selected from
general formulae (5) and/or (6) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component (B): a compound having units selected from
general formulae (5) and/or (6) and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atoms in
one molecule;

Component {C): a hydrosilylation catalyst;

Component {(D): a phosphor; and

Component (E): particles having units selected from

general formulae (5) and/or (6):



[Chem. 4]
(R'RESIO, 4) (5)

(R2SIO, .,) (8)
wherein R’ to R® are each a substituted or unsubstituted
monovalent hydrocarbon group, and may be the same or different.

The compesition precursor according to the present
disclosure 1s a silicone composition precursor for production
of the phosphor-containing silicone composition. Here, the
composition precursor is produced by mixing at least two of the
components (A) to (E), and has one composition selected from
the group consisting of the following compositions (i} to (vii):

(1) Components (A) and (B);

(ii) Components (A) and (C);

(iii) Components (A) and (E);

(iv) Componentg (A}, {(C) and (E);

(v) Components (B) and (E);

(vi) Components {(A), (B) and (E); and

(vii) Compconentg (C) and (E).

The process for production of a phosphor-containing cured
gilicone according to the present disclosure ig one of the
following production processeg [1} and [2]. That is, the
process for production of a phosphor-containing cured silicone

is one of the process [1] of production of the

8a



phosphor—~containing cured silicone by mixing the components (A)
to {E), which includes preducing a phosphor-containing silicone
composition through any of the following cperations (I) to
(VIII}, and curing the phosphor-containing silicone
composition, and the process [2] of production of the
phosphor—-containing cured silicone by mixing the components (A)
to (B, whichincludesproducing&aphosphormcontainingsilicbne
compesition through any one of the following operatiocons (IX)
to (¥XI) and curing the phosphor-containing silicone
cemposition:

(I) mixing a composition precursor including the
components (A), {(C) and (E) with the component (B}

(IT) mixing a composition precursor including the
components (A) and (C) with a compcsition precursor including
the components {(B) and (E);

(II1) mixing a compeosition precursor including the
compenents (A), (C} and (E) with a composition precursor
including the compconents (B) and (E);

(IV) mixing a compcosition precurscr including the
componants (A} and {(C) with a composition precursor including
the components (A) and (B) together with the component (E);

(Vi mixing a composition precursor including the
components {(A) and (C) with the components (A), (B) and (E);

(VI) mixing a composition precursor including the

component (B) with the component (D);



(VII) mixing a compogition precursor including the
component (C) with the component (D);

(VIII) mixing a composition precursor including the
component (B) with a composition precursor including the
component (C}, followed by cr at substantially the same time
mixing with the component (D) ;

(IX) mixing the component (B} with the component (D) ;

(X) mixing the component {C) with the component (D); and

(¥I) mixing the component (B} with the component {(C},
followed by or at substantially the same time mixing with the
component (D).

In a third aspect, there is provided a silicone
compogition precursor for production of the
phosphor-containing silicone composition defined above, the
gilicone compogition precursor being produced by mixing at
least two of the feollowing components (4) to (E), and
having one compogition selected from the group consisting of
the fcollowing compositions (i) to (vii}:

Component (A): a compound having units selected from
general formulae (5) and/or (6) and containing one or more
alkenyl groups bound to one or more silicon atoms in one

molecule;
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Component (B):

(5)

general formulae

a compound having units selected from

and/or {6) and containing two or more

hydrogen atomg bound to a gilicon atom and/or silicon atoms in

one molecule;

Component (C): a hydrosilylation catalyst;
Component (D): a phosphor; and
Component (E): particles having units selected from
general formulae (5) and/or (6):
[Chem. 5]
(R7TR8SIO, ) (5)
(R2SIO;, ) (6)

wherein R’ to R’ are each a substituted or unsubstituted

monovalent hydrocarbon group, and may be the same or different,

and
(i) Components (A} and (B);
(ii) Components (A) and (C);
(iii) Components (A) and (E};
(iv} Components (A), (C) and (E);
{v) Componentsg (B) and (E);
(vi) Components (&}, (B} and {E}; and
(vii) Components (C} and ().
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In a fourth aspect, there is provided a process for
production of the phosphor-containing cured silicone defined
above by mixing the following components (&) to (E), the process
comprising:

prcocducing a phosphor-containing silicone composition
through any one of the following operations (I} to (VIII); and

curing the phosphor-containing silicone composition:

Component (A): a compound having units selected from
general formulae (5) and/or (6} and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component (B): a compound having units selected from
general formulae (5) and/or (6) and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atomg in
one molecule;

Component (C): a hydrosilylation catalyst;

Component (D): a phosphor; and

Component (E): particles having units selected from
general formulae (5) and/or (6):

[Chem. 6]

(R7RESIO, ,,) (5)

(R9SIO, ,,) (6)
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wherein R” to R® are each a substitutedvor unsubstituted
monovalent hydrocarbon group, and may be the same or different,
and

{I) mixing a composition precursor including the
components (A), (C) and (E} with the component (B);

{II) mixing a composition precursor including the
components (A) and {(C) with a composition precursor including
the components (B) and (E);

(I1T) mixing a composition precursor including the
components {(A), (C) and (E) with a composition precursor
including the componentg (B) and (E);

(IV) mixing a composition precursor including the
components {A) and (C) with a composition precursor including
the components (A} and (B) together with the component (E);

(V) mixing a composition precursor including the
components (A) and (C) with the components (A), (B) and (E);

(VI}) mixing a composition precursor including the
component (B) with the component (D) ;

{(VII) wmixing a composition precursor including the
component {(C) with the component (D); and

(VIIT) mixing a composition precursor including the
component (B) with a composition precursor including the
component (C), followed by or aﬁ substantially the same time

mixing with the component (D).
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In a f£ifth aspect, there is provided a process for.
production of the phosphor-containing cured silicone defined
above by mixing the following components (A) to (E), the process
comprising:

producing a phogphor-containing silicone composition
through any one of the following operations (IX) to (XI); and

curing the phosphor-containing silicone composition:

Component (A): a compound having units selected from
general formulae (5) and/or (6) and containing one or more
alkenyl groups bound to one or more gilicon atoms in one.
molecule;

Component (B): a compound having units selected from
general formulae (5) and/or (6) and containing two or more
hydrogen atoms bound to a siliceon atom and/or silicon atoms in
one molecule;

Component {C): a hydrosilylation catalyst;

Component (D): a phosphor; and

Component (E): particles having units selected from
general formulae (5) and/oxr (6):

IChem. 7]
(R7RESIO, ,) (5)

(R°SIO, ,) (6)

104



wherein R’ to R® are each a substituted or unsubstituted
monovalent hydrocarbon group, and may be the same or different,
and

(IX) mixing the component (B) with the component (D) ;

(X) mixing the component {C) with the component (D); and

(XI) mixing the component (B) with the component (C),
followed by or at substantially the same time mixing with the
compenent (D).

[00618]

A sheet accoxrding to the present disclosure is a sheet
in which the phosphor-containing cured silicone is molded on
a subgtrate.

In a sixth agpect, there is provided a sheet in which the
phogphor-containing cured silicone defined above is molded on
a substrate.

[0C12]

An LED package according to the present disclosure is an
LED package including the phosphor-containing cured silicone.

In a seventh aspect, there is provided an LED package
compriging the phogphor-containing cured silicone defined

above.
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[0020]

A light-emitting device according to the present
disclosure is a light-emitting device including the LED
package.

In an eighth aspect, there is provided a light-emitting
device comprising the LED package defined above.

[0021]

A process for production of an LED-mounted substrate

according to the present disclogure is a process for producing

an LED-mounted substrate by mounting an LED element on a

1CE



substrate having a circuit pattern formed therein. Here, the
process includes bonding a plurality of LED elements to a
substrate having a circuit pattern formed on at least one
surface thereof, and then collectively sealing the plurality
of LED elements with the phosphor-containing silicone
compogition.

In a ninth aspect, there is provided a process for
production of an LED-mounted substrate by mounting an LED
element on a substrate having a circuit pattern formed therein,
the process comprising:

bonding a plurality of LED elements to a substrate having
a circult pattern formed on at least one surface thereof; and
then

collectively sealing the plurality of LED elements with
the phosphor-containing silicone composition defined above.
[0022]

Also, in the phosphor-containing cured silicone as
defined above, the particles preferably have a homogenous
structure.

[0023]

The phosphor-containing cured silicone as defined above
preferably has a ratio between the transmittance at 25°C and
the transmittance at 60°C at a wavelength of 450 nm of 0.8 or
more when the phosphor-containing cured silicone has a

thickness of 75 pum.

il



[0C24]

The phﬁsphor—containing cured silicone ag defined above
preferably has a ratio between the transmittance at 25°C and
the transmittance at 60°C at a wavelength of 450 nm of 0.8 or
more when a cured silicone obtained by curing the particles and

the components (A} to (C} has a thickness of 75 um.

[0C25]

In the phosphor-containing cured silicone

lia



ag defined above, a difference between a refractive index &,
of the particles and a refractive index d, of a region other
than the particles and the phosphor is preferably lesgs than
G.03.
[0G28]

In the phosphor-containing cured silicone as defined
above, a difference between the refractive index d; of the
particles and a refractive index d; of a cured product cbtained
by curing the components (&) to (C) is preferably lesgs than 0.03.
[0027]

In the phosphor-containing cured silicone ag defined
above, the particles preferably have an averags particle
diameter of 0.01 pum to 10 um,

{co2s]

In the phosphor-containing cured silicone as defined
above, the particles are preferably produced by
hydrolyzing/condensing organosilane and/or a partial
hydrolysate thereof.

[0029]

In the phosphor-containing cured silicone as defined
above, the particles preferably have a chain structure.
[0030]

The phosphor-containing silicone composition

12



as defined above preferably has a yield value of 0.01 Pa or more.

EFFRECTS
[0031]

According to the present disclosure, it is possible to
manufacture a cured gilicone in which a phosphor is umiformly
dispersed by a convenient method using an inexpensive raw
material, while keeping characteristics of a silicone material
that it has good thermal resistance and lightfastness.

[0032]

According to the present disclosure, it is possible to
reduce a chromaticity deviation of an LED-mounted substrate.
When such an LED-mounted substrate ig used as an LED mcdule,
it is unnecessary to classify LED modules accerding to their
optical characteristics, and it is possible to drastically

reduce the production cost of an LED light-emitting member.

BRIEF DESCRIPTICON OF THE DRAWINGS
[0033]

Fig. 1 is a TEM cross-sectional image showing how to form
a structure of phosphor/silicone particles.

Pig. 2 is a TEM cross-sectional image showing how to form
a structure of silicone particles.

Fig. 3 is a schematic configuration diagram of the

13



phosphor/silicone particles.

Fig. 4 is a SEM image cof siliccne particles having a
homogenous structure.

Fig. 5 is a TEM cross-secticnal image of the silicone
particles having a homogencus structure.

Fig. 6 is a SEM image of silicone particles having a
core-shell structure.

Fig. 7 is a TEM cross~sectional image of the silicone
particles having a core-shell structure.

Fig. 8 is a cross-sectional view of cne structure of an
LED-mounted substrate produced according to the present

invention.

EMBODIMENTS OF THE INVENTION
[0034]

The inventors have found that the objects of the present
invention are achleved using a cured siliccone which has a
structure represented by general formulae (1) and/or (2) and
also has units selected from general formulae (3) and/or (4),
and also includes a phosphor and particles having units selected
from general formulae (3) and/or (4}.

[0035]

[Chem. 3]
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In Formula 3, R* to R® are each a hydrogen atom, a methyl
group, an ethyl group or a propyl group, X represents a methylene
group, a dimethyleﬁe group or a trimethylene group, and may be
the same or different, and R*, R® and R® are each a substituted
or unsubgstituted monovalent hydrocarbon.group, and may be the
same or different.

[0037]

Also, the cured silicone is obtained by curing a
phosphor-containing silicone composition produced by mixing
all the following components: component (A): a compound having
units selected from general formulae (5) and/or (6) and
containing one or more alkenyl groups bound te one or more
gsilicon atomsg in one molecule, component (B): a compound having
units selected from general formulae (5} and/or (6} and containing
two or more hydrogen atoms bound to a silicon atom and/or silicon

atoms in one molecule, component (C): a

i5



hydrosilylation catalyst, component (D): a phosphor, and
component (E): particles having units selected from general
formulae (8) and/or (6&).

{0038]

[Chem. 4}
(R7RESIO, ., ) (&)

(R°SIO, ) (6)
{00391

In Formula 4, R’ to R® are each a substituted or
unsubstituted monovalent hydrocarbon group, and may be the same
or different.

[o040]

The structure represented by the general formulae (1)
and/or (2) is a bond formed by hydrosilylation cof a compound
containing an alkenyl group bound to a gilicon atom and a
compound having a hydrogen atom bound to a silicon atom.
Preferably, the structure is formed by reaction of component
(A) : a compound having unite selected from general formulae (5)
and/or (6) and containing one or more alkenyl groups bound to
one or more silicon atoms in one molecule, with component (B):
a compound having units selected from general formulae (5)
and/or (6) and containing two or more hydrogen atoms bound to
g silicon atom and/or sgilicon atoms in one molecule. A variety

of structures may be formed by combination
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cf the compound of component (A) and the compound of component (B).
Ag degcribed later, however, in the general formula (1), a bond in
which R' to R® are all hydrogen, that is, a structure in which silicon
atoms are bound to two methylene groups, is the most desirable from
the viewpoints of the ease of obtainment of the compounds of
components {4) and {(B) and the reactivity.

[0041]

The presence of such a bond may be analyzed through the
structural analysis using solid NMR such as 'H-NMR or **C-NMR, the
copolymer compositions obtained by GC/MS measurement of a degradation
product degraded and produced by tetraethoxysilane in the presence
of alkali, the analysis of a crosslinking peini, FT-IR, etc.
[0042]

Also, in the general formulae (1) and (2), the silicon atom
iz bound tc one or more oxygen atoms, and an alkyl group, an alkenyl
group, a phenyl group or the like sc that the silicon atom can function
as a connection with an organopolysiloxane structure or an
organcpolysilsesquioxane structure.

[0043]

The compound of component {A), that is, a compound having a
structure selected from general formulae (5) and/or (6) and
containing one or more alkenyl groups bound to a one or more gsilicon
atoms in one molecule, is preferably a silicone compound having two

or more alkenyl groups. More particularly,
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examples of the compound of component {A) may include
organopclysiloxane having an alkenyl group,
organopelysilsesquioxane having an alkenyl group, an
organopolysiloxane/polysilsesquioxane copolymer having an
alkenyl group, organcpolysiloxane having a resin structure,
etc.
[0044]

The ailkenyl group 1s preferably an alkenyl group having
2 to 10 carbon atoms, and examples of the alkenyl group may
include a vinvl group, anallyl group, a butenyl group, a hexenyl
group, & decenyl group, etc. However, a vinyl group is
preferred from the viewpoints of the reactivity with the
compound of component (B) as will be described later, and the
ease of production.
[0045]

In the compound of component (A), the mean of the number
of alkenyl groups per cone silicon atom is in a range of 0.01
to 0.50, preferably in a range of 0.02 to 0.30, When the mean
of the number of alkenyl groups i1s outside of this range, it
is difficult to obtain desirable physical properties since it
is difficult to carry out the curing between the compound of
component (A) and the compound of component (B) as will be
described later.
rocdel

In Formula 4, R” to R’ are each a substituted or
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unsubstituted monovalent hydrocarbon group, andmay be the same
or different. A substituted or unsubstituted moncvalent
hydrocarbon group having 1 to 10 carbon atoms is preferred.
More particularly, examples of the hydrocarbon group may
include an alkyl group such as a methyl group, an ethyl group,
an n-propyl group, an n-butyl grdup, an n-pentyl group, an
n-hexyl group, ann-heptyl group, ann-octyl group, an isopropyl
group, an iscbutyl group, a sec~butyl group, a t-butyl group,
an isopentyl group, a neopentyl group, a t-pentyl group, an
isohexyl group or a cyclohexyl group; an aryl group such as a
phenyl group, a tolyl group or a naphthyl group; a haloélkyl
group such as a 3-chloropropyl group, a 3,3,3-trifluorcpropyl
group or a 2~ (nonafluorcbutyl)ethyl group; and an aralkyl group
such as an ethylbenzyl group ox a l-phenethyl group. Among
these, an alkyl group and/or an aryl group are preferred, and
a phenyl group and a methyl group are especially preferred.
[0047]

A compeund centalining a methyl group as a main group is
preferred for applications of LED package, especially
applications reguiring high thermal resistance and
lightfastness. On the other hand, a compound containing a
phenyl group as a main group 1s preferred,for applications in
which an extraction effect of light from an LED chip is of
importance.

10048)
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The fact that the compound of component (A} has a weight
average molecular weight of 2,000 or more as calculated based
on polystyrene using gel permeation chromatography is preferred
from the viewpoint of the hardness of a cured product. The
compound of component {(A) generally has a solid phase or a
viscous liquid phase at 25°C. Here, when the compound has a
liguid phase, the compound generally has a viscosity of 10 Pa's
or more at 25°C.

[0049]

The units constituting such a compound of component (&)
may include a ViMe, 5101, unit, a ViMePhS10.,, unit, a MesSiO unit, -
©a MepS$i0;,, unit, a ViMeSiO,, unit, a PhMeSiOp,, unit, a PhSi0s3,;
unit, a MeSiGsy,p unit, a ViSiOs, unit, a Si0, unit, and the like.
Also, in Formula 4, Me represents a methyl group, Vi represents
a vinyl group, and Ph represents a phenyl group. The same
meanings are applied hereinafter.

[0050]

When “’Si-nuclear magnetic rescnance analysis
(hereinafter referred to as “NMR”) is performed on the compound
vging tetramethylsilane (hereinafter referred to as “IMS”) as
the reference compoun61 a slight variation in peaks is cbserved
according to the kind of substituents. However, each peak
corresponding to a bifunctional structural unit of the general
formula {5) is observed arocund -10 to -30 ppm, and each peak

corresponding to a trifunctional structural unit of the general
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formula (6) is observed arcund ~50 to =70 ppm. Therefore, it
is possible to measure a ratio of constituent units of the
compound by measuring 2931 ~NMR and comparing peak areas of
respective signals.

{00517

HoWever, when it is impossible to discern the
bifunctional structural unit of the general formula (5) through
the 2YSi-NMR measurement based on TMS, the results measured
using *H-~NMR or:wF—NMR,may be used in addition to the “’Si~NMR
measurement results, as necessary, so as to discern a ratio of
the structural unit.

[0052]

Specific examples of the compound of component {A) may
include compounds which are presented by the following unit
formulaQEﬂxjaverage composition formulae, and contain at least
an alkenyl group and a phenyl group. Also, as will be described
later, the term “unit formula” refers to a unit constituting
a polymer, and the term “average ccocmposition formula” refers
to a formula illustrating what components the entire polymer

composed of various units is composed of.

(ViMe5101/2) 0.25 (PhS103s2) 0.75, Vig.asMeg soPhg 955101 95, Mw

i

2,300

{(ViMeS8i04,2) .16 (PhS103/2) 6,00, Vig.aoMey 20Php 608101.4, Mw =

4,300

(ViMesS51i0y,2) 0,14 (PhS8103,2) 0,86, Vig.1aMe0.28Phg 565101 34, Mw

i
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3,200

(ViMeS102/2) 0.10 {PhSi03/2) 0.50, Vio.1oMe€o.10Phg 005101 45, Mw =
8,700

(ViMeSi0z/2) 0.10 (Me2S10z/2) 0,15 (PNB8103,2) 0,75,
Vip,1oMeg.40PN0.758101 375, Mw = 7,200

(ViMes8101/2) 0.15 (PHS103,2) ¢.75 (S1Ca/2) 0. 10/
Vig. isMeg.30Phe. 755107 40, Mw = 6,500

{ViMez3101/2) 0,12 (PhMeS810z2/2) 0,88, Vig.1zMe1.12Pho e5100.04, Mw
= 3,000

(ViMes81i01,2) 0,01 {Ph2S102/2) 0,16 {Me23102/2) 0.83,
Vig.ciMe1 . 6sPhg. 525100 985, Mw = 3,500

(ViMe;5101,2) 0,03 (Me28102/2) 6,97, Vig.osMer 08100 g5, Mw =
6,000

Here, Mw represents a weight average molecular welight of
a compound calculated based on polystyrene using gel permeation
chromatography.
100537

The compound of component (B), that is, a compound_having
a structure selected from general formulae (%) and/or (6) and
ceontaining two or more hydrogen atoms bound to a silicon atom
and/or silicon atoms in one molecule, crosslinks the component
{(A) by addition reaction between the hydrogen atoms bound to
the silicon atom and the alkenyl groups bound to the silicon
atom in the compound of component (A), that is, hydrosilylation.

[0054]
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The component (B) is preferably a compound whose average
composition formula is represented by the following general
formula (7).

[0055]

[Chem. 5]

H-mR1QdSEQ{4mc~—d3/£ (7)

[005¢]

In Formula 5, H represents a hydrogen atom, and RY is
a substituted or unsubstituted meonovalent hydrocarbon group
having 1 to 10 carbon atoms other than the alkenyl group.
Examples of R'Y may include the same groups as listed in R’ to
R%.

[0057]

For R'Y, especially when the compound c¢f component (B)
has a low molecular weight, a problem regarding microphase
separationwhenxacompositionjisstoredfor&alongtim@iSCEﬂsed.
However, the surface roughness of a cured molding caused by the
volatility of the component (B) under the curing conditions such
as exposure to external environments may also be possibly caused.
In this regard, it is desirable to have a phenyl group as R'Y.
Meanwhile, when the compound of component (B) has a sufficiently
high weight average molecular welight, the compound of component
(B) is compatible with the compound of component (A) and does

not have a problem regarding the volatility even when the
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compound of cemponent (B) does not have a phenyl group as R0,
On the other hand, the compeund of compeonent (B) preferably does
not have a phenyl group for general lighting applications, that
is, applications in which high thermal resistance and
lightfastness for a cured product are of importance.
[0058]

¢ represents the number of silicon atom~bound hydrogen
atoms per one silicon atom in the compound of component (B),
and is ina rangeof 0.35t0 1.0. drepresents the mean of number
of substituted or unsubstituted monovalent hydrocarbon groups
having 1 to 10 carbon atoms other than the alkenyl groups per
one silicon atom in the compound of component (B), and is in
a range of 0.90 to 2.0. The compound of componént (B) may be
present in either a solid phase or a liquid phase.at 25°C.
However, the compound cof component (B) is preferably present
in a liquid phase so zs to facilitate preparation of a
composition according to the present invention.  In this case,
the compound of component {B) preferably has a viscosity at 25°C
of 100 Pa's or less, and more preferably has a viscosity of 1
to 1,000 mPa 's. The compound of component (B} has a linear,
cyclic, branched chain, reticular or three-dimensicnal
molecular structure. Two or more compounds of component (B)
may be used together.
[0059]

More particularly, examples of such a compound of
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component (B) may include methyl hydrogen polysiloxane and
methyl phenyl hydrogen polysiloxane, which are represented by
the following unit fermulae and average composition formulae.
(HMe2810:/2) 0,65 (PnS103/2) 0,35, Ho.esMe1.36PNo.555100 85
(HMe»3101/2) 0.60 (PHS103/2) 0,40, HO.6OM91.2PhO.4OSiOB.90
(HMe25103/2) 0.40 {PhS103/2) 0.0, HoweMeaﬁoPhéﬁoSinjﬁ
(HMe35101/2) 0,35 {PRS103/2) 0,65, Ho.3sMee 70Pho. 655101 15
(HMeS1i0,/2) 0.65 (PhB8103/2) 0,35, Ho.ssMeq gsPho 355101 195
(HMeS1i0z/2) 6.50 (PRS103/2) 0.50, Ho.sMeg.50Phg 5¢S10 25
(HMeS510z/2) 0.3 (PhS103s2) 0,65, Ho.35Me0.35PN0.655101. 325
(HMePh81i01/3) ¢.60 (PhS5103,2} 0,40, Ho.goMeo. s0Phy1. 005100, 90
(HMePhSi01/2)0.40 (P1S103,2) 0,60, Ho.sMeg. a0Phi1 005101 10
{HMe28101/2) 0.66 (P1125102/2) 0,33, Ho.ecMe1.32Pho 565100656
(HMe25101/2) 0,75 (Ph81i03/2) 0,25, Ho.ysMe1 s0Pho.258100.75
(00607
The blending amgunt of the compound of component (B) is 
preferably in a range of 10 to 100 parts by weight, based on
100 parts by weight ©f the compound of component (A). Also,
a hydrogen atom bound to a silicon atom in the compound of
component (B} per 1 mole of an alkenyl group in the compound
of component (A) is preferably in a range of 0.5 to 3 moles,
and more preferably in a range of 0.7 to 1.5 moles from the
viewpoints of curing properties and physical properties of a
cured product.

[0061]
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The hydrosilylation catalyst of the component (L} is a
catalyst for addition reaction between an alkenyl group in the
compound of component (A) and a silicon atom~bound hydrogen atom
in the compound of component (B), that 1s, hydrosilylation.
More particularly, examples of the hydrosilylation catalyst may
includeezplatinum—basedc&talystsﬂuﬂlasfineplatinmnpowder,
or a powder of platinum black, chloreplatinic acid,
tetrachloroplatinic acid, alcohol-modified chloroplatinic
acid, anoclefin complex of platinum, analkenyl siloxane complex
of platinum, a carbonyl complex of platinum, or a thermoplastic
organic resin including such a platinum-based catalyst such as
a méthyl methacrylate resin, a polycarbonate resin, a
polystyrene resin or a silicone resin; a rhodium~based catalyst
represented by the following formula: [Rh({O;CCHi)zlo,

Rh (02CCH3) 3, Rh2{(CsH;is02) 4, RN (CsH902) 3, Rh({CsH70z2) (CO} o,

Rh (CO) [Ph3P] {CsHi02), RhYs[ (R')2S15, (R'%P).RR(CO)Y,

(R'2,P),RA (COYH, Rh,¥»Zs, Rh[O(CO)RY]sp(0H)s, or HpRh,(En)sCl
(wherein Y represents a hydrogen atom, a chlorine atbm, a
bromine atom, or an lodine atom, 7 represents an alkyl group
such as a methyl group or an ethyl group, CO, CgHis, 0r 0.5 CgHia,
R represents an alkyl group, a cycloalkyl group, or an aryl
group, RY™ represents an alkyl group, an af;l group, an alkyloxy
group, or an aryloxy group, En represents an olefin, n is 0 or
1, mis 0 or 1, p is 1 or 2, g is an integer ranging from 1 to

4, andris 2, 3or 4); and an iridium-based catalyst represented
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by the following formula: Ir (OOCCH3) 5, Tr{CsHy02) 3, [Ir (D) (En)2la,
or [Ir{D)(Dien)], {(wherein D represents a chlorine atom, a
bromine atom, an iodine atom, ér‘an alkoxy group, En represents
an olefin, and Dien represents a cyclooctadiene). Among these,
a platinum-based catalyst is preferred.

[0062]

In particular, a platinum~alkenyl siloxane complex
having a low chlorine concentratiocon is preferred, and examples
of the alkenyl siloxane may include
1,3-divinyl-1,1,3,3~tetramethyldisiloxane,
1,3,5,7-tetramethyl-1,3,5, 7-tetravinylcyclotetrasiloxane,
an alkenyl siloxane obtained by substituting some of methyl
groups of these alkenyl siloxanes with a group such as an ethyl
group or a phenyl group, and an alkenyl siloxane obtained by
substituting vinyl groups of these alkenyl siloxanes with a
group such as an allyl group or a hexenyl group. Particularly,
sincetheplatinum~alkeﬁyisiloxanecomplexhavegoodstability,
the platinum-alkenyl siloxane complex is preferably
1,3~divinylw1,1,3,3wtetramethyldisiloxane; Also, since the
platinum-alkenyl siloxane complex has improved stability, an
alkenyl siloxane such as
1,3~divinyl~1,1,3, 3-tetramethylidisiloxane,
1,3-diallyi-1,1,3,3-tetramethyldisiloxane,
1,3-divinyl-1,3-dimethyl-1, 3~diphenyldisiloxane,

1, 3-divinyli-1,1,3,3-tetraphenyldisiloxane, or
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1,3,5,7-tetramethyi~1,3,5,7~tetravinylcyclotetrasiloxane,
or an organcsiloxane oligomer such as an dimethylsiloxane
oligomer is preferably added to the complex. Especially, the
alkenyl siloxane is preferably added to the complex.

(00631

Specific examples ¢of such a hydrosilylation catalyst may

linclude “SIp6829.0" (platinum carbonylvinylmethyl complex: a
vinyl methyl cyclosilozane sclution having a platinum
concentration of 3 to 3.5%), “SIP6830.07
{(platinum-divinyltetramethyldisiloxane complex: a
vinyl-terminated polydimethylsiloxane solution having a
platinum concentration of 3 to 3.5%), “SIP6831.0~
(platinum-divinyltetramethyldisiloxane complex xylene

solution: the platinum concentration is 2.1 to 2.4

o\

)y

“"SIPe831.1" (platinum-divinyltetramethyldisiloxane complex
xylene solution: the platinum concentration is 2.1 to 2.4%),
“SIP6832.07 (platinum/cyclovinylmethylsiloxane complex: a
cyclic methyl vinyl siloxane solution-having a platinum
concentration of 3 to 3.5%), and “SIPG833.0" (platinum-occtyl
aldehyde/octanol complex: an octanol solution having a platinum
concentration of 2.0 te 2.5%), which are all commercially
avallable from Gelest Inc. (USA), but the present invention is
not limited thereto.

[0064]

The hydrosilylation catalyst of the component (C) is
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generally used at a catalytic amount, and the amount is
generally in a range of 1 to 500 ppm, preferably 2 to 100 ppn,
based on the sum of the welight of the silicone composition

according to the present invention, as calculated based on a

metal.
[0065]

Unlike the composition including the components (A), (B)
and (C) as the main components which constitute the silicone
composition, a condensable curable composition, which is cﬁred
by dehydration condensation of an alkoxysilane, acetoxysilane,
or iminoxysilane compeound as amain reaction, is known. However,
such a composition is not employed for applications of the
present invention because the composition has poor thermal
resistance. This is because the dehydration condensation is
often not completely performed during the curing, and curing
is further performed due to a time-dependent change after the
curing. Reaction of the silicone éomposition according to the
present invention including the components (A), (B) and {C} as
the main components 1s easily completed during the curing, and
thus these problems are not easily caused.

[0066]

The phosphor of the component (D) may absorb light emitted
from a light-emitting element, perform wavelength conversion
and emit light which is different in waveléngth from the light

of the light-emitting element. Therefore, when part of the
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light emitted from the light-emitting element and part of the
light emitted from the phosphor are mixed, it is possible to
manufacture a multichromatic LED including a white
light-emitting element. More particularly, a single LED chip
may ke used to emit a white color by cptically combining a
fluorescentnmterial,whichemitseiyellowlightemiésioncolor
due to the presence of light from the LED, with a blue LED.
(00671

The above-described phosphor includes various phosphors
such as a phosphor emitting a green color, a phosphor emitting
a blue color, a phosphor emitting a yellow color, a phosphor
emitting a red color, and the like.

[C068]

For example, the phosphor emitting a green color includes
SrAl,04:Eu, Y510s5:Ce, Tb, MgAly:1015:Ce, Th, Sr-Al,Cys:Fu, (at
least one of Mg, Ca, Sr, and Ba)Ga,53;:Eu, etc.

[0069]

For example, the phosphor emitting a blue color includes
Sry(P0,)3CL:Eu, {(SrCaBa)s(P0s)s3CLl:Eu, (BaCal)s(P04)}3Cl:Eu, (at
least one of Mg, Ca, Sr, and Ba);Bs0sC1l:Eu, Mn, {at least one
of Mg, Ca, Sr, and Ba) (P04} ¢Clz:Eu, Mn, etc.

(007071

The phosphor emitting a vellow color includes an

yitrium—-aluminum oxide phosphor activatedwith at least cerium,

an yttrium~gadolinium~aluminum oxide phosphor activated with
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at least cerium, an yttrium-aluminum-garnet oxide phosphor
activatedwith at least cerium, andan yttrium~gallium-aluminum
oxide phosphor activated with at least cerium (referred to as
a YAG~based phosphor). More particularly, InsM:0..:R (In is at
least cne selected from ¥, Gd, and La, M includes either Al or
Ca, and R is lanthanoid-basad compound),
(Yl-xGax)z;(All-yGay)s0i2:R (R is at least one selected from Ce,
Th, Pr, Sm, Eu, Dy, and Ho, and 0 < R < (0.5) may be used.
00717

For example, the phosphor emitting a red color includes

Y.0,5:Eu, Laz0:5:FEu, Y.05:Bu, Gd»0,8:Eu, etc.

Also, examples of the phosphor emitting light to
correspond to the blue LED widely used at present include a
YAG~based phosphor such as Y3(A1,Ga)s012:Ce, (Y,Gd)3A1s0.::Ce,
IUusAis0ip:Ce, or YsRls0:2:Ce, a TAG-based phosphor such as
ThsAls0:.,:Ce, a (Ba,Sr):383104:Fu-kased phosphor, a
CasScy3140,,: Ce-based phosphor, a silicate-based phospher such
as (8r,Ba,Mg):Si04:Fu, a nitride-based phosphor such as
(Ca,Sr)»,8isNg:Eu, (Ca,Sr)AlSiNs:Eu, or CaSiAlN;:Eu, and an
oxynitride-based phosphor such as Cax(8i,A1):2(C,N}15:Bu, and
also includes a phosphor such as a (Ba, Sy, Ca)si0:N,:Eu-based
phosphor, a CagMgSi:0.1¢C1s:Eu-based phosphor, SrAl,C.:Eu, or
Sr4Al14055:E1.

[0073]
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‘Among these, the YAG-baéed phosphor, the TAG-based
phosphor, and the silicate-based phosphor are preferably used
from the viewpoints of the luminous efficiency and brightness.
[0074]

According to the present invention, the particle size of
the phosphor oﬁ the component (D) is represented by an average
particle diameter, that is, the median diémeter (DSO),Aand is
measured using a microtrack method {a method using an apparatus
for measuring a microtrack laser diffraction particle size
distribution commercially available from Nikkiso Co., Ltd.}.
That is, in the case of the volumetric reference particle size
distribution measured using the method of measuring a laser
diffraction/scattering particle size distribution, the
particle diameter of 50% of the sum of undersize powder passing
froma small particle sieve is calculated as a median diameter
(D50} . -The phosphor having an average particle diameter, that
is, amedian diameter (D50}, of 0.05% to 30-um is preferably used,
and the phosphor having an average particle diameter of 3 to
20 pm is more preferably used. When the average particle
diam@ter, that 1s, the median diameter (D50), is within this
preferred range, the dispersibility is good, and a change in
emission spectrum and reduction of luminous efficiency is nct
easily caused. On the other hand, a deviation in light emission
is not easily caused due to the difficulty of precipitation.

(00753
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The phosphor of the coﬁponent {D) may be included in an
amcunt of 0.5 to 200 parts by mass, preferably 3 tc 20 parts
by mass, based on 100 parts by mass of the silicone composition
other than the phosphor. When the phosphor of the component
(D)} is included in an amount of 0.5 parts by mass or more, it
ig possible to sufficientlyperform conversion of light emitted
from the light-emitting element. On the other hand, when the
phosphor of the component (D) is included in an amount of 200
parts by mass or less, it is possible to maintain the
transmittance of light.

0076}

The particles of the component (E) having a structure
selected from general formulae (5) and (6} are so-called
silicone particles that are obtained using a method of
hydrolyzing an organosilane such as organotrialkoxysilane,
organcdialkoxysilane, organotriacetoxysilane,
organcdiacetoxysilane, organotrioximesilane, or
organcdioximesilane and condensing the hydrolyzed
organosilane.

[6077]

Examples of the corganotrialkoxysilane may include
methyltrimethoxysilane, methyltriethoxysilane,
nethyltri-n-propoxysilane, methyltri-i-propoxysilane,
methyltri-n-butcoxysilane, methyltri-i-butoxysilane,

methyltri-s-pbutoxysilane, methyltri-t-butoxysilane,
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ethyltrimethoxysilane, n-propylirimethoxysilane,
i-propyltrimethoxysilane, n-butyltributoxysilane,
i-butyltributoxysilane, s—butyltrimethoxysilane,
t-butyltributoxysilane,

N~B (aminocethyl)y-aminopropyltrimethoxysilane,
y-glycidoxypropyltrimethoxysilane, vinyltrimethoxysilane,
phenyltrimethoxysilane, etc.

[0078]

Examples of the organodialkoxysilane may include
dimethyldimethoxysilane, dimethyldiethoxysilane,
methylethyldimethoxysilane, methylethyldiethoxysilane,
diethyldiethcoxysilane, diethyldimethoxysilane,
3-aminopropylmethyldiethoxysilane,
N-{Z-aminoethyl)-3-aminopropylmethyldimethoxysilane,
N-{Z-aminoethyl)-3-aminoisobutylmethyldimethoxysilane,
N—ethylaminoiSobutylméthyldiethoxysilane,
(phenylaminomethyl)mecthyldimethoxysilane,
vinvlmethyldiethoxysilane, etc.

(00791

Examples of the organcotriacetoxysilane may include
methyltriacetoxysilane, ethyltriacetoxysilane,
vinyltriacetoxysilane, etc.

(00803
Examples of the ofganodiacetoxysilane may include

dimethyldiacetoxysilane, methylethyldiacetoxysilane,
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vinylmethyldiacetoxysilane, vinylethyldiacetoxysilane, etc.
(0081]

Examples of the corgancotrioximesilane may include
methyltrismethylethylketoximesilane and
vinyltrismethylethylketoxnimesilane, and examples of the
organcdioximesilane include
methylethylbismethylethylketoximesilane, etc.

[0082]

More particularly, such particles may be obtained using
a method disclesed in Japanese Patent Application Laid-open
Publication No. 63-77840, a method disclosed in Japanese Patent
Application Laid-open Publication No. 6-248081, a method
disclosed in Japanese Patent Application Laid-copen Publication
No. 2003-342370, a method disclosed in Japanese Patent
Application Laid-open Publication No. 4-88022, etc. Also, a
method of preparing particles by adding an crganosilane such
as organctrialkoxysilane, -organodialkoxysilane,
organotriacetoxysilane, organodiacetoxysilane,
organctrioximesilane, or organodiocoximesilane and/or a partial -
hydrolysate thefeof to an agueous alkali sclution and
hydrolyzing and condensing the organosilane and/or the partial
hydrolysate, a method of preparing particles by adding an
organosilane and/or a partial hydrolysate therecof tc water or
an acldic solution, hydrelyzing the organosilane and/or the

partial hydrolysate to obtain a partial condensate and adding
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alkali to perform a condensation reaction, and a method of
preparing particles by separating an organosilane and/or a
hydreclysate thereof as a supernatant and alkali or a mixture
solution of alkali and an corganic solvent as a subnatant, and
hydrolyzing/polycondensing the organosilane and/or the
hydrolysate in the interface between the supernatant and the
subnatant are known in the art. The particles used in the
present invention may be obtained using any of the methods.
[0083]

Amcng these, the silicone particles, which are obtained
by a method of adding a pelymeric dispersing agent to a reaction
sclution as disclosed in Japanese Patent Application Laid-open
Publication No. 2003-342370, are preferably used when tﬁe
organosilane and/or the partial hydrolysate is
hydrolyzed/condensed to produce spherical
organopolysilsesquioxane fine particles.

[6084]

Also, in the production of the particlies, silicone
particies, which are produced by hydrolyzing/condensing an
organcsilane and/or a partial hydrolysate thereof, adding the
organosilane and/or the partial hydrolysate to an agueous
acidic solution in the presence of a polymeric dispersing agent
and a salt, which function as a protective colloid in a solvent,
to obtain a hydrolysate, and adding alkalil to perform a

condensation reaction, may be used.
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[(00853]

Any of a synthetic polymer and.a.natural polymer may be
used as the polymeric dispersing agent as long as it is a
water~soluble polymer, and functions as a protective colioid
in a solvent. More particularly, examples of the polymesric
dispersing agent may include polyvinyialcohol,
polyvinylpyrrolidone, etc. Examples of a method of adding a
polymeric dispersing agent may include a method of adding a
polymeric dispersing agent to a starting reaction solution in
advance, a method of adding a polymeric dispersing agent
together with an organotrialkoxysilane and/or a partial
hydrolysate thereof, and a methed of hydrolyzing and partially
condensing an organotrialkoxysilane and/or a partial
hydrcolysate thereof and adding a polymeric dispersing agent to
the organctrialkoxysilane and/or the partial hydrolysate, and
any of these methods may be selected. Here, an amount of the
added polymeric dispersing agent is preferably in a range'of
5 x 1077 to 0.05 parts by weight, kased on 1 part by weight of
the reaction solution. When the amount of the polymeric
dispersing agent is within this range, cohesion bstween the
particles does not easily take place.
[008¢g]

As the components constituting the particles of the
component (E), particies, which have units selected from

general formulae (3) and/cr (4) as described above, which are
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composed of a so~called addition-polymerizable component in
addition to hydrolyzing/condensing an organosilane and/or a
partial hydrolysate therecof, and which have a condensable shell
formed on an addition-polymerizable core therecf, are also
known in the art. However, when the addition-polymerizable
silicone particles are produced, it is difficult to control the
particle diameter, interaction between particles is very strong,
and dispersion in a resin is not easily achieved. Formation
of a condensable shell on an addition-polymerizéble core does
not cause any problem regarding interactlcen between the
parﬁicles or dispersion. However, the use of a complicated
précess for production may cause problems such as poor curing
of a silicone composition caused due to axresiduai addition
polymerization or condensation polymerization catalyst or
reaction inhibitor. In this regard, it is desirable to
hydrelyze/condense the organosilane and/or.the partial
hydrolysate thereof havingunits selected fromgeneral formulae
{3y and/or {4) according to the present invention.

[0087]

Riso, the particles having a homogenous structure as the
structure of the particles are preferred from the viewpoints
of the ease of production and the low probability of
contaminating a material system which is easily caused during
formation of a core-shell structure, as seen from the problems

of the core-shell type particles.
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[0088]

According to the present invention, when such silicone
particles are used as the component (E), it is unnecessary to
perform special surface treatment on the particles, and it is
possible to achieve dispersion stabilization by inhibiting
precipitation of the phosphor in the silicone composition. The
details of the mechanism remain to be solved, but are considered
as follows. First, a silicone composition which does not
include silicone particles but includes a phosphor has a good
dispersion property, but shows Newtonian fluidity, and the
phosphor is temporally precipitaﬁed due to its high specific
gravity. Such a silicone composition does not have a yield
value. Meanwhile, a éilicone compeosition which does not
include a phosphor but includes silicone particles expresses
thixotropy and has a yield value. On the other hand, the
silicone composition according to the present invention
including a phospher together with silicone particles has a high
absolute viscosity, but has substantially the same yield value
as the siliceone composition which does not include the phosphor.
Therefore, the interaction of the phosphor, the silicone
particles and the silicone composition becomes stronger, but
astructureformedthroughtheiﬁteractionbetweaqthesilicone
particles is considered to be reduced. As a result, when the
phosphor enters the structure between the silicone particles,

that is, as the silicone particles form a structure while
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surrounding the phosphor, dispersion stabilizatiocon and
precipitation inhibition of the phosphor is considered to be
achieved.

[0089]

Fig. 1 is a TEM cross-secticnal image of a cured silicone
according to the present invention (magnification: 2,000 times)
obtained from each of the components (&), (B), {(C), (D} and (E)},
and Fig. 2 is also a TEM cross—-sectional image of the cured
silicone {magnification: 2,000 times) cbtained fromeach of the
compoenents (A), (B}, (C} and (E). In Fig. 1, a region having.
a black center represents a phosphor of the component (D), and
a white region in which a £ilm is peeled off represents a region
in which the phosphor of the compeonent (D) is detached during
producticn of a fragment sample (thickness of 200 nm) for TEM
observation. In Figs. 1 and 2, particle shapes gathered in
places represent the particles of the compcnent (E). During
production of the fragment for TEM observation, a difference
in film thickness is caused due to a difference in hardness of
the cured silicone constituting the particles and amatrix, and
thus the contrast is caused.

[oosg]

In both of Figs. 1 and 2, patterns in which the particles
of the component (E) are connected to form a chain structurs
are observed. Also, in Fig. 1, a pattern in which the chain

structure is adjacent to the phosphor of the component (D) and
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a region in which the phosphor of the component (D) is detached
is observed, which indicates that the above~described mechanism
for dispersion stabilization cf the phosphor is proved. Fig.
3 schematically shows a structure of the phosphor of the
component (D) and the silicone particles of the component (E).
In the chain structure having the particles ¢of the component
(F)Y formed in the cured silicone, the structure is formed so
that the phosphor of the component (D) can be further introduced.
The formation of the structure increases the viscosity and
expregsses the tThixotropy. As a :esult, it i1s possible to
confirm a mechanism indicating that the precipitation of the
phosphor of the component (D) is inhibited.

[009171 -

As described above, for the silicone composition.
according to the present invention, the yield value and the
absolute viscosity are important factors. Measurement of the
yield value and the absclute viscosity is preferably performed
after the respective components constituting the silicone
composition are mixed, stirred and defcamed, and then left
standihg for 30 minutes. This is because an effect of an
increase in temperature of the composition due to the
stirring/defoaming, a crosslinking/curing effect of the
silicone compesition with elapse of time, and an effect of
precipitation of the phesphor either are not easily caused.

(00921
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A yield value of the silicone composition according to
the present invention is preferably egqual to or more than 0.01
Pa, and more preferably 0.05 Pa or more and further 0.1 Pa or
more. When the vyield value is set within this range, it is
possible to stably maintain a dispersion state of the phosphor.
On the other hand, the silicone composition preferably has a
yield value of 0.4 Pa or less. When the yield value is set to
0.4 Pa or less, it 13 possible to properly maintain good process
aptitude such as dispensing of the silicone composition.
[0053]

Also, the absolute viscosity of the silicone composition
ig preferably equal to or less than 5.5 Pa s. When the absolute
viscosity isset to 5.5 Pa-s, it is possible toproperiymaintain
good process aptitude such as moldability, coatability, and
printability of the silicone composition.

[0094]

Interaction between the silicone particles and the
silicone composition and also interaction between the silicone
particles énd the silicone composition, and the phosphor may
be controlled by adiusting the molecular weight of the compound
of each of the components constituting the silicone composition,
the percentage of amounts of the added compounds, an organc
group such as a methyl group/phenyl group, the size of the
silicone particles of the component (B}, the amount of the added

silicone particles, the ratio of the organo group such as the
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methyl group/phenyl group in the particles, etc. Also, it is
possible to modify the shape and size of the structure formed
by the silicone particles and phosphor in the silicone
composition. As a result, it is possible to control the yield
value and absolute viscosity of the silicone composition. To
prevent an excess increase in yield value, for example, the
silicone particles of the component (E) are preferably reduced
in size to prevent an increase in surface area, and both of the
silicone composition and the silicone particles are preferably
composed so that an amount of a phenyl group showing 7n-%
interaction canncot increase o an excessive extent.

[0095]

Preferably, the organo group included in the silicone
particles of the component (E) is a methyl group or a phenyl
group, and is preferably separately‘used according to the
application. When light passing through the cured silicone is
intended to be used without scattering, a refractive index
difference between a refractive index d; of the silicone
particles of the component (E) and a refractive index d; of a
region other than the silicone particles and the phosphor is
preferably small. On the other hand, when scattered light is
intended to be usad, the refractive index difference is
preferably large. When a small refractive index difference is
desirable, the refractive index difference betwsen the

refractive index d; of the silicone particles and the refractive
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index dp of the region other tharn the silicone particles and
the phosphor is preferably egual to or less than 0.15, more
preferably egual to or less than 0.032. When the refractive
index 1s contrclled within this range, reflection and
scattering on the interface between the silicone particles and
the siliceone composition is reduced, and the high transparency
and light transmittance are achieved.

[00986]

Alsc, when light passing through the cured product is
inten&éd,to be used without scattering similarly in the cured
silicone, a difference betweeh the refractive index d; of the
siliccone particles (E)} and a refractive index dz of a cured
product, which is cktained by curing the components (A), (B]
and (C), is preferably small, more particularly, preferably
equal to or less than 0.03, and further preferably egual to or
less than 0.15.

[0G97]

Measurement of the refractive index is performed using
an Abbe refractometer, aPulfrich refractometer or an lmmersion
refractometer, or using an immersion method or a minimum
deflection angle method as a total reflection method. However,
the Abbe refractometer is useful in measuring the refractive
index of the silicone composition, and the immersion method is
useful in measuring the refractive index of the silicone

particles.
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[00eg]

It i1s also possibkble to adijust the refractive index
difference by changing the gquantitative ratio of materials
constituting the silicone particles. That ig, for example, it
is possible to cobtain a low refractive index close to 1.4 by
adjusting the mixing ratio of the raw materials, that is,
methyltrialkoxysilane and phenyltrialkoxysilane, and
increasing the constituent ratio of the methyl group. On the
other hand, it is possible to obtain a relatively high
refractive index by increasing the constituent ratio of the
phenyl group.

[0099]

According to the present invention, the size of the
silicone particles of the component (E) is represented by an
average particle diameter, that 1s, a median diameter {(D50).
Here, the average particle diameter is preferably in a range
cof 0.01 to 10 pm, and more preferably in a range of 0.05 to 3
pm. When the average particle diameter is ftoo small, the
difficulty in productlon may be caused, and a precipitation
inhibitory effect of the phosphor is lowered. On the other hand,
when the average particle diameter i1s toc large, a negative
effect may be exhibited on the transmittance of the cured
product. Also, a precipitation inhibitory effect of the
phosphor 1s lowered. Alsc, monodispersed and spherical

particles are preferably used. According to the present
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invention, the average particle diameter, that is, the median
diameter (D50), and particle size distribution of the silicone
particles of the component (B} are measured using a microtrack
method4(a methbd.using an apparatus for measuring a microtrack
laser diffraction particle size distribution commercially
avallable from Nikkisc Co., Ltd.}. That is, in the case of the
velumetric reference particle size distribution measured using
then@thodofn@asuringazlasefdiffraction/scatteringparticle
size distribution like the above-mentloned measurement of the
average particle diameter of the phosphor, the particle
diameter of 50% cf the sum of undersize powder passing from a
small particle sieve is calculated as themedian diameter {D50}.
(G100}

The content of such silicone particles of the component
(F} is preferably in a range of 1 to 50 parts by weight, and
mére preferably in a range of 5 to 20 parts by weight, based
on 100 parts by weight of the sum of the components {(4) to {C).
Wﬁen the silicone particles of the component (E} are included
in an amount of 1 part by welght or more, a highly good dispersion
stabilization effect of the phosphor is achieved. On the other
nand, when the silicone particles of the componént (B} are
included in an amount of 50 parts by weight or less, the viscosity
of the silicone compositicn is not excessively lncreased.
(01011

In the silicone composition according to the present
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invention, a hydrosilylation-retarding agent such as acetylene
alcohol is preferably blended as the additional component to
inhibit curing at room temperature, thereby lengthening the pot
life. Also, fine particles such as fumed silica, glass powder,
or gquartz powder, an incorganic filler such as titanium oxide,
zlirconia oxide, barium titanate, or zinc oxide, a pigmeﬁt, a
flame retardant, a heat resistant, an antioxidant, a dispersing
agent, a solvent, or a tackifier such as a silane coupling agent
or a titanium coupling agent may be blended as necessary without
adversely affecting the effects of the present invention.
[0102]

In particular, a polydimethylsiloxzane component having
a lowmolecular weight, or siliceone 0il is preferably added from
the viewpoint cf the surface flatness of the cured silicone.
Such & component is preferably added in an amount of 100 to 2,000
ppm, and more preferably a content of 500 to 1,000 ppm, based
on the total composition.

[0103]

Hereinafter, a phosphor-containing cured silicone, a
process for producticn of the phosphor-containing cured
silicone, a phosphor-containing silicone composition, a
process for production of the phosphor-containing silicone
composition, and a precursor of the composition according to
the present invention will be described. Also} the

phosphor-containing cured silicone, phosphor~containing
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silicone composition and the composition precursor may be
produced.ﬁsimg other known methods, and the present invention
is not limited to production methods as will be described later.
(01047

Composition/composition precursor

The phosphor~ceontaining cured siliceone according to the
present invention is obtained by mixing the components (A) to
(E). Howsver, when the components {(A) to (C) aremixed, a curing
reaction starts even at rcoom ftemperature. Thus, a
hydrosilylation-retarding agent such as an acetylene compound
is preferably further blended to lengthen the pot life.
[0105]

Also, as a method of storing each component, the
respective components may be independently stored, or a mixture
of several components may be stored from the viewpolint of
reducing the work of preparing a composition. In this case,
at least two of the components (A) to (E) are mixed from the
viewpoint of avoiding mixing cf the components (A) to (C),
particularly, mixing of the component {B) and the component {C},
and a silicone composition precurscr having any cne of the

following compositions.is preferably produced to be used: (1)

the components (A) and (B), (ii) the components (A) and (C),
(1ii) the components (A) and (E}), {iv) the components (&), (C)
and (E), (v) the components (B) and (E), (vi) the components
(A), {(B) and {(E}, and (vii} the components (C) and (E}. Also,
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these silicone compeosition precursors may include the component
(D).
[0L06]

The silicone composition according to the present
invention i1s obtained by mixing a combination of these
composition precursors with the phosphor of the component (D).
Finally, the phosphor-containing cured silicone according to
the present invention may be obtained by curing the silicone
composition prepared in this manner.

[0107]

For example, a phosphor-containing silicone composition
may be produced through any one of the operaticns: (I) mixing
a composition precursor including the components (A), {(C) and
(F) with the component (B}, (II) mixing a composition precursor
including the components {(A) and (C) with a composition
precurscr including the components (B) and (E), (III) mixing
a composition precursor including the components (A}, (C) and
(E) with a composition precursor including the components (B)
and (B}, (IV} mixing a compositicon precursor including the
components (A) and (C) with a composition precursor including
the components {A) and (B) further with the component (E}, (V)
mixing a composition precursor including the components (A} and
(C} with the components (A), (B} and (£}, (VI) mixing a
composition precursor including the component (B) with the

component (D), (VII) mixing a composition precurscr including
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the component (C) with the component (D), or (VIII) mixing a
composition precursor including the component (B) with a
composition precurscriincluding the compenent (C), followed by
or at substantially the same time mixing with the component (D).
Curing the phosphor-containing silicone composition after the
production may be one exanmple of the process for production of
a cured silicone. In this case, the phosphor of the component
(D} may be included in any of the composition precursors or any
of components used in the cperations, or may be mixed during
any of the operations.

(0108}

In addition, the process of producticn of a
phosphor-containing cured silicone by mixing the respective
componénts (A} to {E) may include another example of a method
of producing a phosphor-containing silicone composition
through any one cf the operations: (IX) mixing the component
(B) with the component (D}, (¥} mixing the component (C) with
the component (D), and (XI} mixing the component (B) with the
component (C}, followed by or at substantially the same time
mixing with the component (D)}, and curing the
phosphor-containing silicone composition after the
production.

[0109]

Mixing/dispersion

Such various components may be comblined to have a
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predetermined composition, and then homogenecusly
mixed/dispersed using a stirring/blending machine such as a
homogenizer, a rotation/revolution-type stirrer, three
rellers, a ball mill, a planetary ball mill, or a bead mill to
produce a phosphor-containing silicone compesition. The
siliceone composition is preferably defoamed under a vacuum or
reduced pressure after the mixing/dispersion or during the
mixing/dispersion.

[0110]

The viscosity of the phosphor-containing silicone
composition is properly adjusted by the ratic of the components,
addition of a solvent or the like. However, the viscosity at
25°C is preferably in a range of 100 to 10,000,000 mPa- s, and
ﬁore preferably in a range of 300 to 500,000 mPa ‘s, as measured
using a rotational viscometer.

[0111]

Dispersion stability

For the dispersion stability of the phosphor in the
phosphor-containing silicone composition, a method of visually
observing a pattern/rate of precipitation of the phosphor in
the phosphor~containing sillicone composition or measuring the
pattern/rate of precipitation of the phosphor using an analyzer,
or a method of measuring a difference and change in particle
size distribution is used. More particularly, the dispersion

stability of the phosphor may be evaluated using a method of
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directly optically measuring separation of a dispersed product
through centrifugation using a dispersion stabllity analyzer
“LUMLSizer” {commercially available from L.U.M. GmbH, Germany),
or evaluated through particle size measurement using a particle
gauge.
[0112]

Curing

The phosphor~containing silicone composition obtained in
this manner may be disposed cn an LED chip using a method such
as injection molding, compression molding, cast molding,
transfer molding, extrusion molding, blow molding, calender
maolding, vacuum moldiﬁg, foam molding, coating, dispensing,
printing, or transferring, and cured to install a
phosphor-dispersed preduct having a desired pattern on the LED
chip. In the case of theqcuring by heating, the curing
conditions are generally for 1 minute to 5 hours at 40 to 250°C,
preferably for 5 minutes to 2 hours at 100°C to 200°C.
[0113]

Until the phosphor-containing silicone composition is
preduced and then cured, the retention time and heating time
should be congidered for the varicus processing processes, and
it is necessary to stabilize dispersion of the phosphor and
inhibit precipitation of the phosphor for about several tens
of minutes to several days, generally for several hours to more

than a dozen hours.
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[0114]

Sheet

First, a phosphor-dispersed product having a desired
shape may be installed on an LED chip by applying the
phosphor-containing silicone composition on a flexible base
substrate having peelability, drying and curing or semi-curing
the phosphor-containing silicone composition, followed by
peeling and transferring the phosphor-ceontaining silicone
composition onto an LED chip, and further heating/curing the
phosphor~containing silicone composition as necessary. In
addition to a PET film, a PP £film, a PPS film, a polyimide film,
and an aramid film, paper, foil or a2 plate made of aluminum,
and feil or a plate made of steel which have undergonsa coating
treatment may be uséd as a base substrate. However, the PET
film is preferred from the viewpoints of economical efficiency
and handling, and the polyimide film is preferred from the
viewpoint of thermal resistance when a high temperature is
required'for curing the silicone composition.
[0115]

The thickness of the sheet is preferably in a range of
5 to 500 pm, more preferably in a range of 50 to 200 pm from
the viewpoint of handling. Alsco, when there is a deviation in
thickness, a difference in an amount of the phosphor on the LED
chip is caused, thereby causing a deviation in an emission

spectrum. Therefore, a deviation in thickness is preferably
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+5%, more preferably 3%.
[0116]

Application of the phosphor-dispersed silicone
composition on the base substrate may be performed using a
.method such as a reverse roller coater, a blade coater, a kiss
coater, a slit die coater, screen printing, etc. However, the
application is preferably performed using a slit die coater so
as to achieve the uniformity in thickness of the sheet of ths
phosphor-dispersed silicone composition prepared as described
above,

[(0117]

Transmittance

The cured silicone prepared as described above preferably
has high transmittance since the cured silicone i1s used for
optical applications such as sealing of LEDchips. A preferable
composition may be selected through comparison with the
transmittance of the cured silicone that does not have the
phosphor. More particularly, when the cured product
{(thickness of 150 um) is obtained from the composition of the
present invention that includes the respective components (A},
(B), (C) and (B} but does not include the component (D), the
cured product preferably has a transmittance at 400 nm of 70%
or more, more preferably 80% or more. Also, a ratic between
the transmittance at 25°C and the transmittance at 60°C at a

wavelength of 450 nm when the thickness of the component (E),
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that is, the silicone particles, and the cured silicone which
is obtained by curing the components (A) te (C) and does not
include the component (D) is set to 75 um 1is preferably egual

to or more than 0.8, and further preferably egual to or mere

than 0.9.

[0118]

Also, for the temperature dependency of the transmittance,
the LED element is increased in temperature at the beginning
of 1ts use. However, since adeviation in performance is caused
when the transmittance cf a sealing material is different
between at the beginning of use and after the elapse of time,
the temperature dependency of the transmittance is preferably
small. The temperature dependency of the transmittance may be
‘examine@, for example, by comparing a ratio between the
transmittance at 25°C of a cured product having a thickness of
75 pm and the transmittance at 60°C at a wavelength of 450 nm.
The ratio is preferably eqgual to or more than 0.8, and further
preferably equal to or more than 0.9. The temperature
dependency of the transmittance may be reduced by controlling
the component ratioc of a phenyl greup and a methyl group in the
particles, and the particle diameter.

(011917
Next, the process for production o¢f an LED-mounted
substrate will be described.

[0120]



The process for producticn of an LED-mounted substrate
according te the present invention is performed by mounting an
LED element on a substrate having a circuit pattern formed
therein, and is characterized in that the process includes
bonding a plurality of LED elements to a substrate having a
circuit pattern formed on at least one surface thereof and
collectively sealing the plurality of LED elements with the
phosphor-containing silicone composition.

[0121]

According to the present invention, for example, the
LED-mounted substrate as shown in Fig. 8 may be produced. The
LED~mounted substrate of Fig. 8 includes LED elements 1 disposed
in plural numbers, a circuit pattern 2 containing a
predeﬁermined repeating unit, an adhesive layer 3, and a heat
dissipation layer 4. One example of the process for production
of an LED-mounted substrate will be described, but the present
invention is not limited tThereto.

[0122]

First, the adhesive layer 3 is laminated on metal foil
that serves as a circuit, and themetal foll in a region in which
an LED is installed 1s removed by punching or the like. Next,
an adhesive layer side of the adhesgive layer 3 having the metal
foil attached thereto is laminated on the heat dissipation layer
4,andtheadhesivelayeri%isthermallycured. After the curing,

the circuit pattern 2 containing a predetermined repeating unit
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ig formed on the metal foll, and a white solder regist 5 is
applied on a region other than a region in which the LED element
1 is installed and a circuit region to be wire-bonded. Then,
the LED element 1 is installed, and is connected to the circuit
pattern 2 containing a predetermined repeating unit by means
of a bonding wire 6. Thereafter, a reflection plate 7 is bonded
and fixed in the circumference of the LED element 1, a
phosphor-containing silicone composition 8 including a mixture
of the following components (A} to (E) is injected into the
reflection plate, and the LED element 1 is sealed.

Component (A): a compound having units selected from
general formulae (1) and/or (2) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component (B): a compound having a structure selected
from general formulae (1) and/or {2) and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atoms in
one molecule;

Component (C): a hydrosilylation catalyst;

Component (DP}: a phosphor; and

Component (E): particles having units selected from
general formulae (1) and/or (2).

[0123]

[Chem. 6]
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! |
~S-CRIH-CRIR=SI~ (1)

| | !
~Si=X~CR'H—CRIR?—8i~ (2)

(01247}

R} toR®are each a substituted or unsubstituted monovalent
hydrocarbon group, and may be the same or different.
[0125]

Here, the injection of the phosphor-containing silicone
compogition 8 according to the present invention may be
collectively performed for a plurality of LED elements using
a coating method or a printing method.

[0126]

In general, a chromaticity deviation of the LED module
is due to the deviation of the LED element itself and the
deviation of a phosphor-containing sealing resin. Therefore,
the optical characteristics are measured for conditions of the
LED elements. Then, based on the optical characteristics, the
LED elements are classified according to the emission
wavelength and brightness, mounted on a substrate, and then
optimally re-arranged so that a group of the LED elements can
express predetermined optical characteristics (hereinafter,
this is referred to as “binning”).

[0127]
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In the case of conventional phospher~containing silicone
compositions, since a phosphor in the silicone composition is
easily precipitated, and the silicone compositién has low
digpersion stability, 1t is difficult to inhibit deviation of
the phosphor in each of the LED elements when the LED elements
are collectively sealed with the silicone composition, and a
chromaticity deviation in the LED-mounted substrate increases
even when the binning is performed. As a result, even when the
LED elements are collectively sealed, nomerit of the collective
sealing may be achieved since a subseguent process of
individualizing the LED-mounted substrates to correspond to the
LED elements and re-arranging the LED-mounted substrates is
reguired.

[0128]

Ontheotherhand,thecollectivesealingcanbe;@xformed
on the phosphor—-containing silicone composition according to
the present invention since the phosphor has high dispersion
stability. Examples of the collective sealing include a methoed
of installing a reflection plate at a substrate on which LED
elements are mounted in a plurality of rows and a plurality of
columng by attaching the reflection plate in the circumference
of each of the LED elements and potting a certain amount of a
phosphor-containing silicone composition into the reflection
plate, a method of transfer-molding the phosphor-containing

siliccone compositicn, and a method of screen-printing the
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phosphor-containing silicone composition.
(0119}

The LED element 1 is an LED element using light emission
from a PN junction in which a P-type semiconductor is joined
to an N-type semiconductor, and a structure in which a P-type
electrode and an N-type electrode are installed on upper and
lower surfaces of the element and a structure in which both of
the P~type and N-type electrodes are installed on one surface
of the element have been proposed. .In this case, both of the
structures may be used for the process for productiocon of an
LED-mounted substrate according to the présent invention.
Even when the collective sealing is performed as described in
the present invention, it is desirable to perform binning on
the LED elements. This is because the deviation of the LED
elements themselves may be inhibited, and the chromaticity
deviation of the LED-mounted substrate may be further lowered.
[0130]

The heat dissipation layer 4 serves to efficiently
transfer heat generated from the LED elements to the cutside.
Here, elther of an insuiator and a conductor may be used as long
as they have a heat dissipation function. For example, when
ametal is used, examples of the heat dissipation layer 4 include
copper, iron, aluminum, gold, silver, nickel, titanium,
stainless steel, etc., and when an incrganic material 1s used,

examples of the heat dissipation layer 4 include alumina,
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zirconia, aluminum nitride, carbon, etc. Also, a complex
matérial obtained by combination of the metal and the inorganic
material may be used. Alsc, a layer obtained by converting the
inorganic material into a sintered compact, a layer obtained
by kneading carbon or metal powder into an organic polymer so
as to improve the thermal conductivity, and a layer obtained
by coating & metal plate with an organic pelymer may also be
used. The shape of the heat dissipation layer 4 is not
particularly limited, and a plate shape, a foil shape, and a
fin shape may be used. Among these, a metal foilwshéped
material is especilally suitable for use since continucus
production can be performed using a roll te roll method.
[0131]

The circult pattern Z containing a predetermined
repeating unit is made of metal foil processed into a wiring
pattern shape. Copper foil, aluminum foil, nickel foii,
stainless steel foil, copper alloy foll, and aluminumalloy foil
may be used as the ﬁetal foil. A method of manufacturing metal
foil may be rolling, electrolysis, etc. Any of the methods may
be used. When there is no problem in & processing process of
a TAP tape, the thickness of the circuilt pattern Z is not
particularly limited, but it is preferably in a range of 3 o
105 pm. Also, it is possible to perform surface treatment on
a surface layer of a metal layer. Examples of such surface

treatment include treatment of plating a metal having excellent
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corrosion resistance, or fine-roughening treatment for
improving the adhesion force with respect to an adhesive layer.
[0132]

The adhesive layer 3 is generally provided in a semi~cured
state, andmay be cured or crosslinked by application of at least
one energy selected from the group consisting of heating,
pressurization, an electric field, a magnetic field,
ultraviolet rays, radiation, and ultrasonic waves aftex
lamination of the metal foil. The chemical structure of the
adhesive layer 3 is not particularly limited. Among these, a
thermosetting adhesive is preferred from the viewpeints of the
thermal resistance, adhesive property and processing cost.
Then, the adhesive composition constituting the adhesive layer
preferably includes at least one thermoplastic resin and at
least one tThermosetting resin, and the kinds thereof are not
particularly limited. The thermcplastic resin functicns to
enhance an adhesive property, relieve thermal stress and
improve an insulaticon property through low water absorptiveness,
and the thermosetting resin 1s necessary for realizing the
balance of the physical properties, for example, improving the
thermal resistance,.chemical resistance, and adhesive film
strength.
f0133]

The white sclder resist 5 1s a white insulating resin

aiming to efficiently reflect light from each of the LED
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elements and protect the circuit pattern 2 containing a
predetermined repeating unit. A highly light—reflectivé
material that efficiently feflects light is included in the
thermosetiing resin such as an epoxy resin. For example, an
inorganic material such as titanium oxide particles or barium
sulfate particles, or an organic material such as microporous
acrylic resin fine particles or polycarbonate resin fine
particles having numerous pores for light scattering is
preferably used as the highly light-reflective material.
[0134]

The reflection plate 7 is a plate functioning to
unidirectionally reflect light emitted from the LED elements,
and has a reverse polygonal frustum shape, a polyprism shape,
a hemispherical shape, a parabolic curve shape, etc. An inner
surface of the reflection plate 7 is formed of a mirror surface
having high reflectivity or amirror surface having diffusivity.
B reflecticn plate formed by depositing a metal layer on one

surface of a metadl or resin-molded article is used herein.

EXAMPLES
[0135]

Hereinafter, the present invention will be described in
more detail with reference to examples. However, the presgent
invention is not limited to the examples. Raw materials used

in a phosphor-containing silicone composition in each of
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examples and comparative exampleg, and evaluation methods
described in each of the examples and comparative examples are
as follows.

[0136]

Raw materials used in phosphor-containing silicone
composition

Component (A): a compound having units selected from
general formulae (5) and (6} and containing one or more alkenyl
groups bound to one or more silicon atoms in one molecule.

Compound Al: “PMV-9925”7 commercially available from
Gelest Inc. {(vinyl-terminated polyphenylmethylsiloxane; unit
formula: (ViMe;SiO0i1/z)0.12 (PhMeSi0,,0)0.52, average composition
formula: Vig 1oMe: 12Phy 2s8100.0a, Mw = 3,000, refractive index:
1.53).

{0137]

Compound AZ: “PDV-1625" commercially available frdm
Gelest Inc. (vinyl-terminated diphenyl
siloxane~dimethylsiloxane copolymer; unit formula:
(ViMe,8101/2) .01 {PhoS1i02/2) 0.16 (Me281045/2) 052, &Verage composition
formula: Vig giMeq ¢sPho 328105 g0, Mw = 9,500, refractive index:
1.47)}.

[0138]
Compound A3: “DMS-V2Z1” commercially available from

Gelest Inc. (vinyl-terminated polydimethylsiloxane; unit
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formula: {(ViMe,Si0i,2)0.03{Me25102,2}0.97, average composition
formula: Vig gsMes ¢310g.qgs, Mw = 6, 000, refractive index: 1.41).
[0139]

Compound {B): a compound having units selected from
general formulae (5) and (6) and containing two or more hydrogen
atoms bound tTo a silicon atom and/or silicon atoms in one
molecule.

Compound Bl: “HPM-502” commercially available from
Gelest Inc. (SiH group~terminated
methylhydrosiloxane-phenylmethylsiloxane copolymer; unit

formula: {(HM&;S51i0:,:) (HMeSi0:,2) (MePhS8i0s:,,), refractive index:

Compound BZ2: “HDP-111" commercially available from
Gelest Inc. (S8iH group~terminated
polyphenyl (dimethylhydrosiloxy}siloxane; unit formula:
(HMe,S101,2) (Ph8103,2), refractive index: 1.46).

[0141]

Compound B3: “HMS-151" commercially available from
Gelest Inc. {trimethylsiloxy-terminated
methylhydrosiloxane~dimethylsiloxane copolymer; unit
formula: (MesSiCi,) (HMeSi0,,z) {(Me,Sil;z,), refractive index:
1.40).

[0142]

Compound (Cj}: a hydrosilylation catalyst
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Catalyst 1: “S5IP6830.07
(platinum-divinyltetramethyldisiloxane complex; a
vinyl-terminated polydimethylsiloxane solution having a
piatinum concentration of 3 to 3.3%),

(0143]

Catalyst 2: “S5IP6832.07
(platinum-cyclovinylmethylsiloxane complex; a cyclic methyl
vinyl siloxane scolution having a platinum concentration of 3
to 3.5%).

[0144]

Silicone composition including components (A} to (C}.

Composition 1: “OE6630"” (a refractive index of 1.53)
commercially available from Dow Corning Toray Co., Ltd. was used
as the composition including the components {(A) to (C).
MOE66307 1s used as a mixture of the composition including the
components (A} and (C} and the composition including the
components (A) and {B). A phenyl group, amethyl group, a vinyl
group and an epoxy group are included at a ratio of 43/50/5/2
(molar ratio} as the functional groups in the former composition
including the components (A) and (C), as measured,uéinglﬁmNMR
analysis. According to the ICP-mass spectrometric results,
the component (C) was ilncluded in an amount of 12 ppm in the
former composition. On the other hand, a phenyl group, a methyl
group, a vinyl group and hydrogen were included at a ratio of

42/40/9/9 {molar ratic) as the functional groups in the latter
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composition including the components (A) and (B), as measured
using 'H-NMR analysis.
(01457

Composition 2: “OE6336” {a refractive index of 1.41)
commerciallyavailablefromibray[mekmningCo,,Ltd.wasused
as the composition including the components (A) to {(C).
[0146]

Component (D): phosphor particles

Phosphor 1: “EY4254" commercially available from
Intematix Corp. {Eu-doped silicate-based phospheor; specific
gravity: 4.71 g/cn’, median diameter (D50): 15.5 um).
(01477

Phosphor 2: “NYAG-0Z” commercially available from
Intematix Cerp. (Ce~doped YAG-based phosphor; specific
gravity: 4.8 g/cm’, median diameter (D50): 7 pm).

[0148] |

Component (E): particles having units selected from
general formulae (5) and (6).

Particles 1: A1 L 4~neck round bottom flask was eguipped
with a stirrer, a thermometer, a reflux pipe, and a dropping
funnel, 600 g of an agueous caustic soda solution of pH 12.5
(25°C) was put into the flask, and warmed in an oil bath while
stirringat 300 rpm. When the internal temperature reached 50°C,
60 ¢ of methyltrimethoxysilane was dropped from the dropping

funnel over 20 minutes. In this temperature condition, the



stirring was further performed for 30 minutes, and 16.5 g of
a 10% aqueous acetic acid solution was then added as a
neutralizing agent, followed by mixing with stirring and
filtration. To the particles formed on the filter, 300 mL of
water (three fimes) and 200 ml of methanol (once) were added
and the particles were filtered and washed. Acake onthe filter
was taken out, dried at 150°C for 2 hours to obtain 20 g of white
powder. The obtained particles were measured using an
apparatus for measuring a particle size distribution
(microtrack 932OHRA.Commercially available from_Nikkisc Co.,
Ltd.). As a result, the obtaineciparticles were moncdispersed
spherical fine particles having an average particle diameter,
that is, a median diameter (D50), of 1.0 pm. The fine particles
were measured for refractive index using an immersicn method.
As a result, a refractive index of 1.43 was obtained.

[0149]

Particles 2: AL L 4-neck round bottom flask was equipped
with a stirrer, a thermometer, a reflux pipe, and a dropping
funnel, 600 g of an agqueous caustic socda solution of pH 12.5
(25°C) was put into the flask, and warmed in an oil bath while
stirring at 300 rpm. When the internal temperature reached 50°C,
60 g of a mixture of methyltrimethoxysilane and
phenyltrimethoxysilane (77/23 mol%) was dropped from the
dropping funnel over 20 minutes. In this temperature condition,

the stirring was further performed for 30 minutes, and 10.5 g
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of a 10% agueous acetic acid solution was then added as a
neutralizing agent, followed by mixing with stirring and
filtraticn. To the particles formed on the filter, 300 ml of
water (three times)‘and 200 mi, of methanol {once) were added
and the particles were filtered and washed. }%cakecxlthefilﬁer
was taken.out, and dried at 150°C for 2 hours to obtain 14 g
of monodispersed spherical fine particles having an average
particle diameter, that is, a median diameter (D50} of 1.0 um
and a refractive index of 1.54.

[0150]

Particles 3: A 1L 4-neck round bottom flask was equipped
with a stirrer, a thermometer, a reflux pipe, and a dropping
funnel, 600 g of an agueous caustic soda solution of pH 12.5
{(25°C) was put into the flask, and warmed in an ¢il bath while
stirring at 300 rpm. Whenthe:myternaltemperaturereachedSOOC,
60 g of a mixture of methyltrimethoxysilane and
phenyltrimethoxysilane {80/20 mol%) was dropped from the
dropping funnel over 20 minutes. 1In this temperature condition,
the stirring was further performed for 30 minutes, and 16.5 g
of a 10% agueous acetic acid solution was then added as a
neutralizing agent, followed by mixing with stirring and
filtration. To the particles formed on the filter, 300 nlL of
water {three times) and 200 ml of methanol (once) were added
and the particles were filtered and washed. Acakeon the filter

was taken ocut, and dried at 150°C for 2 hours to obtain 15 g

=
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of monodispersed spherical fine particles having an average
particle diameter, that is, a median diameter (D50) of 1.0 pm
and a refractive index of 1.55.
01517

Particles 4: A1 L 4~neck round bottom flask was equipped
with a stirrer, a thermometer, a reflux pipe, and a dropping
funnel, 600 g of an agueous caustic soda solution of pH 12.5
(25°C) was put into the flask, and warmed,iﬁ an oll bath while
stirring at 300 rpm. When the internal temperature reached 50°C,
60 ¢ of phenyltrimethoxysilane was dropped from the dropping
funnel over ZOIminutes. In this temperature condition, the
stirring was further performed for 30 minutes, and 16.5 g of
a 10% agueous acetic acid solution was then added as a
neutralizing agent, followed'by mixing with stirring and
filtration. 7o the particles formed on the filter, 300 mlL of
water {four times) and 300 mlL of methanol/water (1/1 volume
ratio, twice) were added and the particles were filtered and
washed. A cake on the filter was taken out, dried at 150°C for
? hours to cbtain 16 g of white powder. The obtained particles
were measured using an apparatus for measuring a particle size
distribution (microtrack 9320HRA commercially available from
Nikkiso Co., Ltd.). As a result, the obtained particles were
monodispersed spherical fine particles having an average
parficle diameter, that is, a median diameter (D50), of 1.5 um.

The fine particles had a refractive index of 1.56.
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[0152]

Particles 5: A 1 L 4-neck round bottom flask was equipped
with a stirrer, a thermometex, a reflux pipe, and a dropping
funnel, 600 g of an agqueocus caustic soda scluticn of pH 12.5
(25°C} was put into the flask, and warmed in an oil bath while
stirring at 200 rpm. When the internal temperature reached 50°C,
60 g of a mixture of methyltrimethoxysilane and
phenyltrimethoxysilane (75/25 mol%) was dropped from the
dropping funnel over 20 minutes. Inthis temperature condition,
the stirring was further performed for 30 minutes, and 16.5 g
of a 10% agueous acetic acid solution was then added as a
neutralizing agent, followed by mixing with stirring and
filtration. To the particles formed on the filter, 300 mlL of
water (three times) and 200 mL of methanol (once) were added
and the particles were filtered and washed. A cakeon the filter
was taken out, and dried at 150°C for 2 hours to obtain 10 g
of monodispersed spherical fine particles having an average
particle diameter, that is, a median diameter {(D530) of 5.0 um
and a refractive index of 1.52.

[0153]

Particles 6: A 1 L 4-neck round bottom flask was equipped
with a stirrer, a thermometer, a reflux pipe, and a dropping
funnel, 600 g of an agueous caustic soda solution of pH 12.5
(25°C) was put into the flask, and warmed in an oil bath while

stirring at 500 rpm. When the internal temperature reached 50°C,
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60 g of a mixture of methyltrimethoxysilane and
phenyltrimethoxysilane (75/25 mol%) was dropped from the
dropping funnel over 30 minutes. In this temperature condition,
the stirring was further performed for 30 minutes, and 16.5 g
of a 10% agueous acetic acid solution was then added as a
neutralizing agent, followed by mixing with stirring and
filtration. To the particles formed on the filter, 300 mi of
water (three times) agd 200 mL of methanol {once) were added
and the particles were filtered and washed. Acakeon the filter
was taken out, and dried at 150°C for 2 houré to obtain 10 ¢
of meonodispersed spherical fine particles having an average
particle diameter, that is, a median diameter (D50) of 0.3 um
and a refractive index of 1.52.

[0154]

Particles 7: 5 g of the particlies - and 0.5 g of
v—glycidoxypropyltrimethoxysilane were put intc a 50 ml vial,
and uniformly mixed at room temperature for 1 hour while
rotating. Then, a nitrogen gas was lntroduced, and the mixture
was kept in an oven of 120°C for 1 hour. Thereafter, the
resulting mixture was kept at a reduced pressure and 120°C for
3 hours in a vacuum,dryér, and cooled to room temperature to
obtain surface-treated particles 7. The particles 7 had a
refractive index of 1.52, and an average particle diameter, that

is, a median diameter (D50), of 5.0 um.

[G155]
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Particles 8: A 2 L 4-neck round bottom flask was eguipped
with a stirrer, a thermometer, a reflux pipe, and a dropping
funnel, 2 L of 2.5% ammonia water was put into the flask, and
warmed in an oill bath while stirring at 300 rpm. When the
internal temperature reached 50°C, 200 g of
methyltrimethoxysilane was dropped from the dropping funnel
over 30 minutes. In this temperature condition, the stirring
was further performed for 60 minutes, and approximately 5 g of
acetic acild {special reagent grade) was then added, followed
bymixing with stirringand filtration. Totheparticles formed
on the filter, 600 mL of water (twice) and 200 ml of methanol
(once) were added and the particles were filtered and washed.
A cake on the filter was taken out, cracked, and lyocphilized
over 10 hours to obtain 80 g of white powder. The obtained
particles were measured using an apparatus for measgring.a
particle size distribution (miqxotrack 9320HRA commercially
available from Nikkiso Co., Ltd.). As a result, the chtained
particles were monodispersed spherical fin@ particles having
an average particle diameter, that is, a median diameter (D50),
of 2.0 wn. The fine particles were measured for refractive
index using an immersion method. As a result, a refractive
index of 1.43 was obtained. The particles were observed using
a SEM image (magnification: 6,000 times). As a result, 1t was
confirmed that the particles had a well-ordered particle

diameter (Fig. 4). Also, the structure of the particles was
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examined through a TEM cross-sectional image (magnification:
8,000 times). As a result, it was confirmed that the particles
had a homogenous structure formed therein (Fig. 5).

[015¢]

Particles 9: “KMP-590" commerciéliy available from
Shin-Etsu Chemical Co., Ltd. was usedaﬁsthé silicone particies
having a homogenous structure. Average particle diameter,
that is, a median diameter: approximaﬁely 2 um, refractive
index: 1.43.

[0157]

Particles 10: “KMP-605" commercially available from
Shin-Etsu Chemical Co., Ltd. was used as the silicene particles
having a core-shell structure. Average particle diameter:
approximately 2 um. The silicone particles were observedusing
a SEM image (magnification: 6,000 times). 2As a result, it was
confirmed that the:e was a deviation in particle size
distribution (Fig.;G). Also, the particles were observed
through a TEM cross-sectional image (magnification: 8,000
Times). As a result, it was confirmed that there were
structures having a foreign substance shape on surfaces of the
particles and a core-shell structure was confirmed (Fig. 7).
[0158]

Particles 11: “KMP-600” commercially available from
Shin-Etsu Chemical Co., Ltd. was used as the silicone particles

having a core-shell structure. Average particle diameter,
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that is, median diameter (D50): approximately 5 um.
[0159]
Particles 12: {phenyl-methyl, 1.7 um)

A2 L 4-neck round bottom flask was equipped with a stirrer,
a thermometer, a reflux pipe, and a dropping funnel, 2 L of 2.5%
ammonia water was put into the flask, and warmed in an ¢il bath
while stirring at 300 rpm. When the internal temperature
reached 50°C, 200 g of a mixture of methyltrimethoxysilane and
phenylirimethoxysilane (75/25 meol%) was dropped from the
dropping funnel over 30 minutes. In this temperature condition,
the stirring was further performed for 60 minutes, and
approximately 5 g of acetic acid (special reagent grade) was
then added, followed by mixing with stirring and filtration.
To the particles formed on the filter, 600 mL of water (twice)
and 200 mL of methanol (once) were added and the particles ware
filtered andwashed. Acakeonthe filter was taken out, cracked,
and lyophilized over 10 hours to obtain 80 g of white powder.
The obtained particles were measured using an apparatus for
measuring a particle size distribution [microtrack 9320HRA
commercially available from Nikkise Co., Ltd.}). As a result,
the obtained particles were monodispersed spherical fine
particles having an average particle diameter, that is, amedian
diameter (DS0), of 1.7 pm. The fine particles were measured
for refractive index using an lmmersion method. As a result,

a refractive index of 1.53 was cbtained. The particles were
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observed on a TEM cross-sectional image. As a result, it was
confirmed that the particles had a homogencus structure formed
therein.
[0160}
Particles 13: (phenyl-methyl, precise refractive index

matching: 1.7 um)

A 21 4-neck round bottom flask was equippaedwith a stirrer,
a thermometer, a reflux pipe, and a dropping funnel, 2 L of 2.5%
ammonia water was put into the flask, and warmed in an ¢il bath
while stirring at 300 rpm. When the internal temperature
reached 50°C, 200 g of a mixture of methyltrimethoxysilane and
phenyltrimethoxysilane (71/29 mol%) was dropped from the
dropping funnel cver 30 minutes. In this temperature condition,
the stirring was further performed for 60 minutes, and
approximately 5 g of acetic acilid (special reagent grade) was
then added, followed by mixing with stirring and filtration.
To the particles formed on the filter, 600 mL of water (twice)
and 200 nL of methanol {(once} were added and the particles were
filtered andwashed. Acakeonthe filterwas taken cut, cracked,
and lyophilized over 10 hours to obtain 80 g of white powder.

The obtained particles were monodispersed spherical fine

s}

particles having an average particle diameter, that is, amadian

diameter (D50}, of 1.7 pm. The fine particles were measured
for refractive index using an immersion method. As a result,

a refractive index of 1.56 was obtained. The particles were
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observed on a TEM cross-secticnal image. Asg & result, it was
confirmed that the particles had a homogenous structure formed
therein.
[01el]
Particles 14: {phenyl-methyl, precise refractive index

matching: 0.5 um)

AZL d-neck round bottom flask was equipped with a stirrer,
a thermometer, a reflux pipe, and a dropping funnel, 2 L of 2.5%
ammonia water including 1 ppm of polyether-modified siloxane
“BYK333"” as a surfactant was put into the flask, and warmed in
an oll bath while stirring at 300 rpm. When the internal
temperature reached 50°C, 200 g of a mixture of
methyltrimethoxysilane and phenyltrimethoxysilane {(71/29
mol%) was dropped from the dropping funnel over 30 minutes. 1In
this temperature condition, the stirring was further performed
for 60 minutes, and approximately 5 ¢ of acetic acid (special
reagent grade) was then added, followed by mixing with stirring
and filtration. To the particles formed on the filter, 600 miL
of water {(twice) and 200 mL of methanol {cnce) were added and
the particles were filtered and washed. A cake on the filter
was taken out, cracked, and lyophilized over 10 hours to obtain
60 g of white powdeyr. The obtalnedparticles weremonodispersed
spherical fine particles having an average particle diameter,
that 1is, a median diameter (DH0), of 0.5 pm. The fine particles

were measured for refractive index using an immersion method.
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As a result, a refractive index of 1.56 was obtained. The
particles were observed on a TEM cross-sectional image. As a
result, it was confirmed that the particles had a homogenous'
structure formed therein.
[01621]
Particles 15: (phenyi-methyl, precise refractive index

matching: 0.01 um)

A2 L4-neck round bottom flask was equipped with a stirrer,
a thermometer, a reflux pipe, and a dropping funnel, 2 L of 2.5%
ammonia water including 7 ppm of polyether-modified siloxane
“BYK333” as a surfactant was put into the flask, and warmed in
an oil bath while stirring at 300 rpm. When the internal
temperature reached 50°C, 200 g of a mixture of.
methyltrimethoxysilane and phenyltrimethoxysilane {71/29
mol%) was dropped from the dropping funnel over 30 minutes. 1In
this temperature condition, the stirring was further performed
for 60 minutes, and approximately 5 g of acetic acid (special
reagent grade) was then added, followed by mixing with stirring
and filtration. To the particles formed on the filter, 600 mL
of water (twice) and 200 mlL of methancl {once) were added and
the particles were filtered and washed. A cake on the filter
was taken out, cracked, and lyophilized over 10 hours to obtain
40 g of white powder. The obtainedparticles were monodispersed
spherical fine particles having an average particle diameter,

that is, amedian diameter (D50), of 0.1 um. The fine particles
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were measured for refractive index using an immersion method.
As a result, a refractive index of 1.56 was obtained. The
particles were observed on a TEM cross-sectional image. As a
result, it was confirmed that the particles had a homogenous
structure formed therein.

[0le2]

Evaluation method for examples and comparative examples

Precipitation inhibitory effect 1 of phosphor

In a 50 mL vial tube {(diameter: 2 cm), 20 g of a
phosphor-containing silicone composition in which the phosphor
was dispersed was welghed and kept. Thereafter, a time (hr)
regquired to visually cause a difference in concentration of the
phosphor on top and bottom liquid portions of the composition
was measured. This evaluation item is indicated as
“Precipitation inhibition 1”7 in Tables 1 to 6.
[0lo4]

Precipitation inhibitory effect 2 of phosphor

A dispersion stability analyzer “LUMiSizer”
{commercially available from L.U.M. GmbH, Germany) was used,
and the light transmittance was measured 255 times at 2,000 rpm
and a scan condition: intervals of 10 seconds. Then, the
process of centrifugal precipitation of the phosphor in the
silicone composition was monitored, and a change (%/hr) in
transmittance per unit hour was measured. This evaluation item

is indicated as “Precipitation inhibition 27 in Table 3.
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(01651

Visceosity bkehavicr

The silicone composition prepared, stirred and defoamed
ag described above was left standing for 30 minutes. Thereafter,
the viscosity behavicrs (absolute viscosity (Pa-8) and vield
value (Paj) of a silicone compesition including the phosphor
were measured using type B viscometer “Model RVDVII+”
commercially available from Brockfield.
[0166]

Transmittance measurement

For each of the silicone compositions listed in Tables
1 to 6, a silicone composition that does not include only the
phosphor (D) among the components was separately prepared by
the same method as described above. The silicone composition
was applied conto a glass substrate to form a f£ilm, and cured
by heating so that the film thickness after curing became 150
um. Then, the transmittance (%) of a cured product at 400 nm
was measured by “MultiSpecl’00” commercially available from
Shimadzu Corporation using a glass substrate as the reference.
[0167]

For the compositicons including the phosphor shown in
Table 6, acuredproducthavingaathicknessof?Spﬂnwasprepaﬁed.
Then, the temperature depéndency of the transmitiance was
examinedknfcomparingearatiobetweéntﬁuatransmittanceai 25°C

and the transmittance at 60°C at a wavelength of 450 nm.
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[01e8]

Examples and comparative examples

[1] Preparaticon of phosphor~containing silicone
composition and cured product

The silicone composition and the cured product were
prepared in the followingmanner. Predetermined amounts of (A)
an alkenvyl group-containing compound, (Bﬁ a compound having a
hydrogen atom bound to a silicen atom, (C) a hydrosilylation
catalyst, (D)} phosphor particles, (E) particles, and the
additicnal components listed in Tables 1 to 3 were weighed in
a polyethylene container having a volume of 300 mlL, and the
stirring/defoaning was performed at 1,000 rpm for 20 minutes
using a planetary stirring/defoaming machine “Mazerustar
KK-4007 (commercially available from Kurabo Industries Ltd.).
The resulting mixture was left standing for 1 hour, and cast
on a glass substrate tc a thickness of 2 mm. Thereafter, the
mixture was subjected to heat treatment at 100°C for 1 hour,
and again at 160°C for 1 hour in an oven to obtain a cured product.
[0169]

Examples 1 to 7 and Comparative Example 1 (Effect of
addition of particles)

The results are shown in Tables 1 and 2. In Examples 1
to 7, a precipitation inhibitory effect of the phosphor as well
as expression of the yield value were confirmed. Alsc, good

transparency was achieved for the compositions that do not
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include the phosphor. On the other hand, it was revealed that
The éxpression of the vield valus was not observed and the
phosphor precipitated within 1 hour in the case of Comparative
Example 1.
[0170C]

Examples 1, 8 to 10 and Comparative Examples 2, 3, & and
7 (Effect of addition of silicone particles)

The results are shown in Tables 1 and 2. Alsc in Examples
8 to 10 in addition to Example 1, expressicn of the yield value
and4agﬁxxiprecipiiation,inhibitory‘effect of the phosphor were
confirmed. In the case of Comparative Examples 2 and 6, silica
particles “Aerosil” (registered trademark) were added instead
of the silicone particles. Asaresult, aprobleminprocessing
properties was caused due to expression of the high yvield value
with an excessive increase in viscosity. Alsco, the
precipitation inhibitcry effect of the phosphor was lower than
that of the present invention; In Comparative Examples 3 and
7, a dispersing agent was added instead of the silicone
particles, but there was no expression of the yield value, and
the precipitation inhibitory effect of the phosphor was hardly
observed.
[0171]

Examples 11 and 12 and Comparative Example 5 (BEffect of
addition of particles)

The results are shown in Tables 1 and 2. In Examples 11
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and 12, a good precipitation inhibitory effect of the phosphor
as well as expression of the yield value were confirmed. Also,
good transmittance was achileved for the compositions that do
not include the phosphor. On the other hand, it was revealed
that the expression of the yield value was not cbserved and the
phosphor precipitated within 1 hour in the case of Comparative
Example 5. ”
ro17z)

Examples 13 to 18 and Comparative Example 8 (Effect of
addition of particles)

The results are shown in Table 3. In Examples 13 to 18,
a good precipitation inhibitory effect of the phosphor as well
as expression of the yield value were confirmed. Also, good
transmittance was achleved for the compositions that do not
include the phosphor. On the other hand, 1t was revealed that
the expression cf the yield value was not observed and the
phosphor precipitated within less than 1 hour in the case of
Comparative Example 8. In addition, in the case of Examples
16 and 17 and Comparative Example 8, the precipitation
inhibitioh effect 2 (a change in transmittance) was %5%/hr in
Comparative Example 8, and 47%/hr and 58%/hr in Examples 16 and
17, respectively. From these facts, the data indicating the
precipitﬁtionAinhibitory effect of the phosphor by addition of
the particles was obtained.

[0173)
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Comparative Example 4

A composition in which the phosphor (D) and the silicone
particles (E) were added instead of the components {(A) to (C)
£o the silicone composition including 100 parts by weight of
polydimethylsiloxane (PDMS) having a Mw of 10,000 and a terminal
hydroxyl group, 4 parts by welght of vinyl
trismethylethylketoxime silane, and 0.02 parts by weight of
dibutyl tin diacetate (DBTDA} was used. This composition was
a condensation-polymerizable silicone composition that does
not include any of the components (A), (B} and (C). However,
it was revealed that the phosphor precipitated within 1 hour
even when the silicone fine particles were added and the
precipitation inhibitory effect of the phosphor was not
observed.

{0174}

Examples 19 to 25 and Comparative Examples 9 and 10
(Effect of addition of particles to silicone composition
pPrecursor)

The results are shown in Table 4. In Examples 19, 22 and
25, the components (A), (C} and (E) were dispersed, mixed and
left standing at room temperature for one week. Thereafter,
the mixture, the component (B) and the phosphor (D) were
dispersed and mixed. In Comparative Examples 9 and 10, the
components (A) and (C) were mixed, and then left standing at

room temperature for one week. Thereafter, the mixture, the

84



component (B} and the phosphor (D} were dispersed and mixed.
[0175]

In Examples 20 and 23, dispersion mixtures obtained by
dispersing and mixzing the components (A) and {C) and dispersing
and mixing the components (B) and (E}) were left standing at room
temperature for one week. Thereafter, the two dispersion
mixtures and the phosphor (D} were dispersed and mixed.
(01761

In Examples 21 and 24, dispersion mixtures cbtained by
dispersing and mixing three components, that is, the components
(A), (C) and (E), (provided that the ccmponent (E) was used in
half of the other components; and dispersing and mixing the
components (B} and (E) (provided that the component (E) was usad
in half of the other component) were left standing at room
temperature for one week. Thereafter, the two dispersion
mixtures and the phosphor (D) were dispersed and mixed.
10177]

in Exemples 19 to 25, a good precipitation inhibitory
effect of the phosphor as well as expression of the yield value
were confirmed. Also, for the compositions that do not include
the phosphor, a small difference between a refractive index of
the particles and a refractive index of a region other than the
particles and the phosphor and good transparency were achieved.
On the other hand, it was revealed that the expression of the

vield value was not observed and the phosphor precipitated
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within less than 1 hour in the case of Comparative Examples 9
and 10.
[0178]

Referen;e Example

A composition that does not include the phosphor and is
composed of the compeonents (A) to (C) and (E) was used in the
reference example. As shown in Table 2, the absolute viscosity
was lower than that of Example 1, but the vield value was
expressed. It was estimated that the silicone particles had
a chain structure in the silicone composition.

[0179]

Examples 26 to 30 (Effect of particle structure)

The results are shown in Table 5. In all of Examples 26
to 30, a good precipitation inhibitory effect of the phosphor
as well as expression of the yield value were confirmed. In
the compositions of Examples 26 and 27 which included the
particles having a homogenocus structure, there was no problem
regarding the curing properties. On the other hand, in the
compositions of Examples 28 and 29 which included the particles
having a core-shell structure, the curing rather insufficiently
proceeded under either a curing condition of 100°C for 1 hour
or 160°C for 1 hour. In the case of Example 30 in which the
content of the particles having a core-shell structure was small,
the curing did not proceed out under the curing cendition of

100°C for 1 hour, but barely proceeded under the curing
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condition df 160°C for 1 hour. However, the yield value was
expressed, the viscosity slightly increased, and the
precipitation inhibitery effect of the phosphor was slightly
lower compared to those of the other examples. However,
Examples 28 to 30 generally showed the effects intended by the
present invention.

[0180]

Examples 31 to 34 (temperature dependency)

The results are shown.in Takble 6. In all of Examples 31
te 34, although configurations of the particles and the particle
diameters were different, a good precipitatiocon inhibitory
effect of the phosphor as well as expression of the yield valus
were confirmed.

[0181]

In the composition of Example 31 including the particles
12, a slight decrease in transmittance was observed with an
increase in temperature in the cured product including the
phosphor, but the cured product had high transmittance at room
femperature. On the other hand, in the composition of Example
32 which included the particles 13 having slightly different
c;mpositions, the transmittance at room temperature was
slightly lower than that of Example 31, but the cured product
inciuding the phosphor had a small difference betwesn the
transmittance at room temperature and the transmittance at 60°C,

and thus low temperature dependency. Also, the particlies 14
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and 15 were particles having a smaller particle diameter, which
were prepared by adding a surfactant during synthesis of the
particles. However, in the compositions of Examples 33 and 34
including these particles, the temperature dependency of
transmittance was lowered more with improvement of the
transmittance at room temperature.
ro1gz}

[2] Preparation of adhesive-added metal foil

An ethanol/toluene mixed solvent (mixing ratio by welight:
1/4) was added to 100 parts by weight of a dimer acid polyamide
resin (“Macromelt” 6900 commercially available from Henkel
Japan Ltd.}, 50 parts by weight of a rescl-type phenolic resin
(CKM1634 commercially available from Showa High Polymer Co.,
Ltd.), 50 parts by weight of an epoxy resin (1ER828: a bisphenol
A-type epoxy resin, epoxy equivalent 190, commercially
avallable from Japan Epcxy Resin Ceo., Ltd.), 20 parts by weight
of a novolac-type phenol resin (CKMZ400 commercially available
from Showa High Pelymer Co., Ltd.), and 2Z parts by weight of
a curable catalyst (Z-ethyl-4-methylimidazole commercially
available from Tokyo Kasei Chemicals Ltd.), and mized while
stirring at 30°C to prepare an achesive solution having a solid
content concentration of 25% by weight. A roll of a base film
{SR: a polyethyleneterephthalate filmhavinga silicone release

agent attached thereto, thickness: 38 um, commercially

available from Ctsuki Industrial Co., Ltd.) was set to an

88



unwinding side using a reverse roll coater, and the adhesive
sclution was continucusly applied to a dry thickness of 12 um,
and dried at 100°C for 1 minute and at 160°C for 4 minutes in
a coater oven. Then, a protective film (“Torayfan” {registered
trademark): a polypropylene film, thickness of 12 um,
commercially available from Toray Industries Inc.) was wound
in a roll shape while being joined together in-line to
manufacture an adhesive sheet.

[0183]

Next, copper foll was roll—iaminated at 120°C while
peeling the protective film from the adhesive sheet, and then
wound in a roll shape to cbtain copper foil having an adhesive
attached thereto.

[0184]

The copper foil having an adhesive attached thereto was
punched using a press whose device hole was provided with a
punching mold having a predetermined pattern. Next, an
adhesive surface was laminated on a 1 mm~thick aluminum plate
at 140°C while peeling the base film. Thereafter, the copper
foil was introduced intoc an air oven, and sequentially
heat-treated at 80°C for 3 hours, at 100°C for 5 hours, and at
150°C for 5 hours to obtain a three-layered structurecMTCOpéer
foil layer/adhesive layer/aluminum plate before a wiring

process.

[0185]
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3] Formation.of circuit pattern

Subsequently, a photolithographic process was performed.
First,eﬁphotoresist laver was formed on the copper foil layér
of the three-layered structure before formation of the circuit
pattern prepared as described above through lamination of a dry
film resist. Then, the UV exposure was performed through a
photomask, development was performed using an agqueous sodium
carbonate solution and the like, and a photoresist pattern of
the circult pattern was formed on the LED element so that 2 rows
and 40 columns could form one module. Then, the copper foil
was etched using an acid such as an agueous ferric chloride
solution, and a photoresist was peeled using an agueous sodium
hydroxide sclution to cktain a three-~layered structure of
wiring layer/adhesive layer/aluminum plate.
(0186}

[4] LED element classification process

A light emission test was performed on each of diced LED
elements, and the LED elements Qere classified into a total of
25 scales by 5 scales of optical wavelength region and 5 scales
of brightness.
[0187]

[5] LED element mounting process

White sclder resist 18 (PSR-4000 commercially available
from Taiyo Ink Mfg. Co., Ltd.) was applied cn the wiring layer

of the three~lavered structure prepared in [3] except for a
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region in which the LED element was installed and a region to
be wire-bonded, so that the dry thickness became 20 pm, and
heated at 150°C for 30 minutes to be cured.

[0188]

Next, a thermosetting silver paste (“Dotite” (registered
trademark) SA-2024 commercially available from Fujikura Kaseil
Co., Ltd.} was applied on an aluminum plate in contact with the
deviceholecﬁfthetbxee—layeredstructure,EﬂnjtheIAMDelements
classified in [4] were binned and mounted so that no brightness
deviation would be caused in the Z rows and the 40 columns, and
the paste was heated at 120°C for 1 hour and at 150°C for 1 hour
to be cured. Subsequently, two electrodes arranged on an upper
surface of each of the LED elements were bonded with a circuit
pattern through wire bonding using a ¢30 pum geld wire.
[0189]

Then, a reflection plate was bonded and fixed in the
circumference of the LED element, sealed with each of the
phosphor-containing silicone compositions shown in Table 7, and
heated at 100°C for 1 hour and again at 160°C for 1 hour to be

cured.
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[Table 1]

Example 1§ Example 2} Example 3 | Example ¢ | Example 5| Example 6§ Example 7§ Example 8 | Example 9 jExample 10|Example 11jExample 1%
Kind Compoubd Compound Compround Compound Compound Compound Compound Compound Compound Compound Compound Compound
. Al Al Al Al Al zl al Al AZ Al A3 A3
A: vinyl
silicone Rmount
{part by 70 0 70 70 70 0 70 70 70 70 70 70
weight)
Kind Compound | Compound Compeound Compound Compound Compound Compoundg | Compound Compound Compound Compound Compound
e B1 B1 B1 B1 81 Bl B1 Bl B2 Bl B3 B3
B: 5iH
silicone Amount
{part by 10 10 10 1g 10 10 10 10 10 10 10 10
welgnt}
[=
8 Kind catalyst 1iCatalyst i|catalyst I|cCatalyst 1|Catalyst I|Catalyst IjCatalyst 1|Caralyst 1{Catalyst 1|Catalyst 1|Catalyst 2iCatalyst 2
bt o :
F Catalyst Amount
g' {part by 0.61 0.01 0.01 0.0L 0,01 0.01 0.01 4.0k .01 0.01 .01 0.01
8 weight}
Kind Phospher 1|Phosphor 1iPhosphor 1)|Phosphor 1jPhosphor 1|Phosphor 1|Phosphor 1iPhesphnor 2{Phosphor 1|Phosphor 1jPhosphor 1iPhosphor 1
D: -
Phosphor Amount
{part by ie 10 10 10 10 10 10 10 10 10 i0 10
weight) .
King Particles | Particles | Particles | Particles | Particles | Particles | Particies | Particles | Particles | Particles | Particles | Particles
” 2 2 2 5 6 1 4 2 2 7 1 4
Particles Amount
{part by i 4 25 10 10 it 19 18 iQ 1o 10 e
weight)
Refractive index of 5 . . :
particlas 1.54 1.54 1.54 1.52 1.52 1.43 1.56 1.54 1.54 1.52 1.43 1.56
Refractive index of
region other than 1.53 1.53 1.53 1.52 1.53 1.53 1.53 1.53 1.47 .52 1.41 1.42
particles and phesphor
Difference in ) i
refractive index 0.01 0.61 0.0% 0.01 0.01 0.1 .83 .01 0,07 0.01 0.2 0.14
Precipitation . . .
inhibition 1 i¢ hr 6 hr 18 hr 7 hr & hr 7 hr 7 hr 8 nar 7 hr 4 hr 10 hr 10 hr
Absolute viscosit
{Pa - &) ¥ 4.73 3.54 3.01 4.85 4.84 3.62 4.79 4.74 4.68 2.94 1.79 1.91
Yield value {Pal 0.325 .042 0.35 0.301 0.342 0.044 0.343 0,338 0.301 0.012 0.041 g.12
Transmittance 95% 9% 92% 0% 5% 20% 85% 85% 80% 80% 97% 75%
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[Table 23

Comparative |Comparative Comparative Comparative |[Comparative |[Comparative Comparative Reference
Exampla 1 Example 2 Example 3 Example 4 Example 5 Example § Example 7 Examplie
Kind Compound Al | Compound Al Compound Al Compound A3 | Compovnd A3 Compound A3 Compound Al
A: vinyl
silicone Amount - . T0 4o 0 20
‘Ezirt'hif PIMS: 100 e
g oximesilane: 4
Kind Compound Bl | Compound 51 Compound Bl QETDA: ;'ﬁf Compovnd B3 | Compound B3 Compound B3 Compaund Bl
B: SiH . instead o
- Amount componants {A)
silicons .
{part by 10 10 10 o {C) 10 10 10 10
welght) {refractive
index 1.45)
Kind Catalyst 1 Catalyst 1 Catalyst 1 Catalyst 2 Catalyst 2 Catalyst 3 Catalyst 1
c:
o Catalyst Fmount
] {part by 6,01 0.01 .01 0.0t 0.9 ¢.01 §.01
o weight)
S
W
g Kind phosphor 1 Phosphor I Fhosphor 1 Phosphor 1 Phosphor 1 Phosphor 1 Phosphor 1 Nope
&
3 D:
v Phesphor Amount
{part by 10 1o i¢ 10 it 10 10 Hone
welght)
Kind Wone Yone None Particles 1 None Hone None Particles 7
£:
Particles Amount
{pact by None None None 10 None Nene None 10
welaht)
Kind None Asrosil ?}spersing a%Fnt Hone Hene Aerosil ?15?3:51ng a%ent None
$200 Ropcosperse™ 092 #z200 Nopcospersa® 092
Others
Amount
{part by None 10 5 Nona None 10 5 Hone
weight}
Refractive index of
particles 143 - - 1.534
Pefractive index of
region other than
1 1
particles and 1.53 1,53 1.53 1.45 1,41 1.4% 1.42 1,53
phosphor
Difference in . » _ o
refractive index .62 0.0t
Precipitation < in h i n N h
inhibition ¥ i ar 2 hr r hr < 1 hr 2 hz 1 hr -
Rbsolute viscosit
¥ 2.75 5.38 2.8 6,01 1.68 5,64 1.3 2.7
{Fa - 5)
Yield value (Pa) Hone .64 Hong Hone None 0.47 Hone .32
Transhittance 97% 5% 25% 0% GB% 5% 95% 85%

EDMS: polydimethylsilorane, oximesilane: vinyltrismethylketoximesilasne, DBIDA: dibutyl tin diacetatas
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{Table 3]
. - Comparative
Exampie 13 Example 14 Example 15 Example 16 Example 17 Example 18 Example 8
Kind
A: wvinyl
silicone Amount
(pazt by weight)
Kind . . Te
B: SiH Composition |Compesition | Composition |Composition |Composition | Composition Composition
silicone Amount 1 1 1 2 2 2 2
o (part by weight)
[s]
4 Kind
o [l
é Catalyst Amount
g {part by weight)
Q
Kind pPhospheor 1 fhosphor 1 Phosphor 1 Phosphor 1 Fhoaphor 1 Phosphor 1 Phosphor 1
D:
Phosphox Amount 10 10 10 10 10 . 10 10
{part by weight)
Kind pParticles 2 | pParticles 2 | Particles 3 ] Particles 1 | Particles 1 | Farticles 1 None
E:
Particles Amount
; ] 5 1 N
(part by weight) k1] 5 10 10 5 one
3 o "
Refractive index of 1.54 1.54 1.55 1.43 1.43 1.43 —
particles
Refractive index of regiocn
other than particles and 1.54 1.54 1.54 1.41 1.41 1.41 1.41
phosphor
— : = -
DiIferenceiln refractive o o 0.61 5.02 0.0 0,02 _
index
Precipitation inhibition 1 10 hr 1} hr 10 hr 10 hr ' hr ? hr < 1 hr
Change in Change in Change in
Precipitation inhibition 2 - - - tranamittance | transmittance - transmittance
47%/hr 58%/h $5%/hr
Absalute viscosity (Pa- §) 4.74 3.55 4.7 2.01 1.84 2.24 1.66
Yield value {(Pa} . 0.335 0.046 0.325 0.0336 0.0086 0.098 None
Transmittance 97% a7% 98% 97% 97% 97% 28%
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[Table 4]

Example 19

Example 20

Example 21

Example 22

Example 23

Example 24

Example 23

Comparative
Example §

Comparative
Example 10

and mix whole

oRe week and

mixture for cne
week and mix

for one wazmk
and mix whole

mixture for
one week and

mixture for one
week and mix

For one waek
and mix whole

one week and
mix whole

A vl Kind Compound Al Compound Al Compound Al Compound A3 Compeund A3 Compeund A3 Compound A3 Compound Al Compound A3
: viny
silicone Amount .
{part by weight} 70 i 70 70 70 0 70 70 70
B sil Kind Compound Bl Compound Bl Compound Bl Compound 33 Compound B3 Compound R3 Compound B3 Ccompound BI Compound B2
H 1
silicone Amount
1
- (part by weight) 1¢ PR 10 10 10 10 ig 10 10
o
: Kind Catalyst 1 Catalyst 1 Catalyst 1 Catalyst 2 Catalyst 2 Catalyst 2 Catalyst 2 Catalyst 1 Catalyst 2
g C: Catalyst o c
JeRRELE
g {part by weight) 0.01 0.01 6.01 0.03% 0.01% .01 0,01 g.01 0.0L
L
Kind Fhosphor 1 Phosphor 1 Phosphor 1 fhosphor 1 Phosphor 1 Phosphor 1 Phogphor 1 Phospher 1 Phosphor 1
D: Phosphor PY—
oun
)] 10
{part by weight] 10 14 10 10 10 10 10 1c
. Kind Particles 2 Particles 2 Particles 2 Particles 1 Particles 1 varticles 1 Particles 1 (None} {None}
Particles Amount
N
{part by weight} 10 10 10 10 10 10 2 {(None} (None}
Mix Mix gemponents Mix Mix componants
Mix components A A, C and E‘ Mix compenents A°| A € and B Misx Mix Mix
components A, | and €, mix thaif iTO”“tL’ compenents A, ] and C, mix fhalf smounti, | components A, | components A | components A
C and E, components B ?;Eé;hggang C and E, components B ?;zéfﬁfﬁﬁ:yf C and E, and ¢, leave [and C, leave
) . I . N . half Lo ; o
Dispersion/Mixing éiivinzizzgie (gfiftr;i;;f amount], leave leave mixture|and E, leave amount}, leave leave mixture! mixture for mixturs for

one wWeek and
mix whole

components mix whele whole components mix whole whale components components components
components COMPONenNTs Components components
Refractive index of 1.54 15 1 54 1.43 1.43 13
particles - e t.o4 ) ' B 1. 1.43 - -
Refractive index of region
other than particles and 1.53 1,53 1.53 1.41 1.41 1.41 1.41 1.53 1.41
phosghor
Difference in refractive
index 0.01 8.01 0.01 0.02 0.02 0.02 0.02 — —
Precipitation inhibitien 1 i hr 10 hr 10 hr 16 hre i0 hr 10 hr 4 hr < 1 hr < 1 hr
Absolute viscesity {(Pa - §) 4.74 4.73 4.74 1.8 1.79 1.8 1.73 2,75 1.68
Yield wvalue (Pa} g.32¢6 3.325 0.328 0.042 0,041 0.042 0.011 None None
Transmittance 895% 454 95% 57% Q7% 87% 97% 87% 58%
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[Table 5]

. Example 26 Example 27 Example 28 Example 285 Example 30
Kind
A: vinyl
silicone Amount
(part by weight}
. Kind
Sz‘SlH Composition 2i{Composition 2| Composition 2| Composition 2} Composition 2
silicone Amount
- (part by weight}
5.
o .
Kind
jﬁ [*h
3 Catalyst Amount
& .
% (pazt by weight)
[
Kind Phosphor 1 fhospher 1 Phosphor 1 Phosphor 1 fhosphor 1
D
Phosphor Ampunt 10 10 10 10 14
(part by weight)
. Kind Particies 8 Particies 9 Farticles 10 | Particles 11 | Particles 10
Particles Amount
. 10 10 3
{part by weight) 10 10
Refractive index of particles 1.41 1.41 1.42 1.42 1.42
Refractive index of region
other than particles ang 1.4% 1.41 1.41 1.41 1.41
phospher
Difference_Ln refractive 0 0 6.01 0.01 0.0l
index
Precipitation inhibition 1 18 hr 10 hr 10 hr 7 hr 5 hx
Absclute viscosity {Fa - S} 2.05 2.01 2.2 1.58 1.8
¥ield value {(Pa} .23 .22 0.22 0.15 0.05
Transmittance 88% 7% 7% 96% 8%
Note Poorly cuzed | Foorly cured
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[Table 4]

Example 31

Example 32

Example 33

Example 34

B: vinyl
silicone

Kind

TRETHT
{part by weight)

B:

SiH silicone

Kind

Amount
fpart by weight)

C: Catalyst

Composirion 2

Composition 2

Composgition 2

Composition 2

Composition

D: Phosphor

Kind
Amount
{part by weight)
Kind Phosphor 1 Phasphor 1 Phosphor 1 Phesphor 1
Amount 5 5 5 5

{part by weight}

Particles 13

Particles 14

Particles 15

Kind Particles 12
E: Particles . N
oun
7.5 7.5 5 3

{part by welght}
Refractive index of particles 1.53 1.586 1.586 1.56

Refractive index of region other
than particles and phosphor .54 1.4 1.5 1.54
Difference in refractive index 0.01 0.02 8,02 0.02
Precipitation inhibition 1 10 hr 10 hr 10 hr 10 hr
Bbscolute viscosity {Pa - S5) 2.0% 2.086 2.2 2.1
Yield value (Pa) 0.23 0.23 0,27 0.3
Tranamitiance 48% a7% 98% 99%

Transmittance
P 44% 45% 44% 44%

[25%) ?
Temperatore

dependency of Transmitiance

transmittance (60°C) 36% 43% 43% 44%
Ratig of 0.83 0.35 0.28 1

cransmittance
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[Table 7]

cample 36 le 37 1e 38 le 39 le 40 |Example 431 | Erample 42 le 43 | Bzample 44 ]@xample 45| PRTRAVE | Compacarive
Example 35 | Example Example Example Bxample Example Mample ramplea Example Cxample sample Bvample 11 Exanple 12
kind Compotnd Coppound Compound Compound Compound Lompound Compound Compound Compound Compeound Compound Compound Compound
1
. AL Al AL Al Al Al Al Al Al B2 A3 Al Al
A: winyl
A Amount
silicone "
{part by 70 I0 0 70 10 70 70 70 70 T0 70 7a 72
welght}
vind Compound Compound Compound Compeund Compound Compaund Compound Comgouncd Compournd Compound Compound Compound Compound
< i
. Bl B1 Bl Bl Bl Bl BL Bl Bl BZ B3 81 a1
B: 8iE
P Aamaunt
silicone
({part by ig 10 10 10 10 10 10 10 10 16 1o 10 1o
g weight}
3 kind Catalyst 1] Catalyst 1]Catalyst 1 |Catalyst 1jCatalyst 1 |Catalyst 1 |Catalyst 1 [Catalyst 1| Catalyst ) ]Catalyst 1[Catalyst 2 |Catalyst 1 |[Catalyst 1
P c: Amount
3 Catalyst [part by g.01 9.01 0.0 .01 0.01 8.01 ¢.ol 0.01 6.01 .ot .01 0.01 0.01
£ .
8 welght)
Kind Fhosphor 1 | Phosphor 1 |Phesphor 1| Phospher 1| fhospher 1} Phosphor 1] Phosphor 1] Phesphor 1] Phosphox 2 | Phesphor 1§ Fhosphor 1} Phespher 1§ Phosphor 1
o Amount
Phosphor {part by 10 10 10 16 10 10 10 10 10 10 10 10 in
weight} X
Particles Farticles Particles Particles Particles Particles | Particles | Particles Particles Particles | Particles
kind . Hone Hone
E 2 2 2 2 3 3 1 El 2 2 1
N Amount
Particles
{part by jis) 10 q 25 ip 10 190 10 10 1a 10 Hene None
weight)
Refractive index of . 5
: 1.54 1.%4 1.59 1.54 1.52 1.82 1.43 .56 1.54 1.54 1.43 — —
particles
Refractive index of
region other than 1.53 1.53 1.53 1.53 1.53 1.53 1.33 1.33 1.53 1.47 1.43 1.53 1.33
particles and phesphor
Difference in refractive
c 0.01 0.0l ¢.01 0.01 0.01 ¢.01 0.1 0,03 .01 .07 0n.02 — —
index
Absolute viscoesity (Pa. .
5 4.73 4.73 3.54 5.01 4.65 4.84 3.62 4.78 4.74 4.68 1.78 2.75 2,73
Yield wvalue (Fa) £.325 0.325 0.042 .35 4. 301 0.342 0.044 0,342 ¢33 G.301 0.04a1 Hone None
Binning of
light-emitting Yeu Yes Yes Yes Yes Yes Yes Yes Yas Yes Yes Yes Yes
elemant
Binning of LED
madule after
Producticn sealing of
Mone None Hone None None None None Nane None None None Yes None
method phasphor
containing
resin
Processin single~ Roll to Single- Single— Single- Single~ Single- Single~ Singie- Single- Single— Single- Single-
race .
tyvoe ? type Roll type type type type type type Type type Type type type
Y processing | progessing | processing | processing | processing | processing | processing | processing | processing | processing | processing | processing [ processing
Test pass rate 492 9% S2% 99% 55% 99% 973 29% as% 28% a9% 89% 03
Frocessing rate a 6] o a a ] o ] o o o B o

Processing rate: @..Very fast, (J.-.-Fast, =..Slow



INDUSTRIAL APPLICABILITY
[01%7]

According to the present invention, it is possible to
manufacture a cured silicone in which a phosphor is uniformly
dispersed by a convenient method using an ilnexpensive raw
material, while keeping characteristics of a silicone material
that it has good thermal resistance and lightfastness. Also,
according to the present invention, since it is possible to
reduce a chromaticity deviation of an LED-mounted substrate,
it is unnscessary to classify LED modules according to theilr
optical characteristics, and it 1s possible to drastically
reduce the production cost of an LED light-emitting member when

such an LED-mounted substrate is used as an LED medule.

DESCRIPTION OF REFERENCE SIGNS
[0198]

1: LED element

2: c¢ircult pattern containing predetermined repeating
unit

3: adhesive layer

4: heat dissipation layer

5: white sclder resist

6: bonding wire

7: reflection plate

8: phosphor-containing silicone composition
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CLATMS

1. A phosphor-containing cured sgilicone that is a cured
silicone wnich has a structure represgsented by general
formulae (1) and/or (2) and also has units sgelected from
general formulae (3) and/or (4}, the phosphor-containing
cured silicone includes a phosphor and particles having
units sgelected from gensral formulae (3) and/or (4) gaid
particles produced in the presence of a polymeric
dispersing agent:

[Chem. 1]

| i
—8i—CR'H—CR2R*—Si— (1)

t |
!ﬁ l
m"%“X%C«ﬁ‘HWGRQREW%EW (2)
| |

(R*RSSIO, ) (3)

(R8I0, ,) (4)
wherein R' to R’ are each a hydrogen atom, a methyl
group, an ethyl group or a propyl group; X represents a
methylene group, a dimethylene group or a trimethylene
group, and may be the same or different; and R* to R® are
each a substituted or unsubstituted monovalent hydrocarbon

group, and may be the =zame or different.

2. The phosphor-containing cured silicone according to

claim 1, wherein the particles have a homogencus structure.
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3. The phosphor-containing cured silicone according to
claim 1, wherein a ratio between the transmittance at 25°C
and the transmittance at 60°C at a wavelength of 450 nm is

0.8 or more when the phosphor-containing cured silicone has

a thickness cf 75 um.

4. The phosphor-containing cured silicone according to
claim 1, wherein a ratio between the transmittance at 25¢C
and the transmittance at 60°C at a wavelength of 450 nm is
0.8 or more when a cured silicone obtained by curing the
particles and the fcllowing components (&) to (C) has a
thickness of 75 um:

Component (A): & compound having units selected from
general formulae (5) and/or (6) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component (B): a compound having units selected from
general formulae (5) and/or (6) and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atoms
in one molecule; and

Component (C): a hydrosilylation catalyst:

[Chem. 2]

(R7TRESIO, ) (5)

(ReSIO, ) (8)
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wherein R’ to R’ are each a substituted or unsubstituted
monovalent hydrocarbon group, and may be the same or

different.

5. The phosphor-containing cured silicone according to
claim 1, wherein a difference between a refractive index &,
of the particles and a refractive index &; of a region other

than the particles and the phosphor is less than 0.03.

6. The phosphor-containing cured silicone according to
claim 1, wherein a difference between a refractive index d;
of the particles and a refractive index d; of a cured
product obtained by curing the following components (A) to
(C) is leses than 0.03:

Component (A): a compound having units selected from
general formulae (5) and/or (6) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Compornient (B): a compound having unitg selected from
general formulae (%) and/or (6) and containing two of nore
hydrecgen atoms bound to a silicon atom and/or silicon atoms
in one molecule; and '

Component {C): a hydrosilylation catalyst:

Chem. 3]
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(R7RESI0, ,) (5)

(RSIO, ;) (6)

wherein R’ to R’ are each a substituted or
unsubstituted moncvalent hydrocarbon group, and may be the

same or different.

7. The phosphor-containing cured silicone according to

claim 1, wherein the particles have an average particle

diameter of 0.01 um to 10 pm.

8. The phosphor-containing cured silicone according to
any one of c¢laims 1 to 7, wherein the particles are
produced by hydrolyzing/condensing organcsilane and/or a

partial hydrolysate therecf.

9. The phosphor-containing cured silicone according to
any one of claims 1 to 8, wherein the particles have a

chain structure.

10. A yphosphor-containing silicone composition that is a
silicone composition for preoduction of the phosphor-
containing cured silicone defined in any one of claims 1 to
9, the phosphor-containing silicone composition is produced
by mixing the following components (A} to (E):

Component (A): a compound having units selected from
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general formulase (5) and/or (6) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component KB): a compound having units selected from
general formulae (5) and/or (6) and containing two oOr more
hydrogen atoms bound to a silicon atom and/or silicon atoms
in one molecule;

Component {(C): a hydrosiiylation catalyst;

Component (D) : a phosphor; and

Component (E): particles having units selected from
general formulae {3) and/or (6):

{Chem. 4]

(RTRESIO, ,,) (5)

(R®SIO, ,) (8)

wherein R’ to R® are each a substituted or
unsubstituted monovalent hydrocarbon group, and may be the

same or different.

11. The phosphor-containing silicone composition according

to claim 10, which has a yield wvalue of 0.01 Pa or more.

12, A siliccne compesition precursor for production of the
phogphor-containing silicone composition defined in claim
10 or 11, the silicone composition precursor being produced
by mixing at least two o©of the following components (A} to

{(E}, and
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having one composition selected from the group consisting
of the following compositions (i) to (vii):

Cbmponent (A}: a compound having units selected from
general formulae (5) and/or (&) and containing one or more
alkenyl groups bound to one or more silicon atoms in one
molecule;

Component (B): a compound having unitsgs selected from
general formulae (5) and/or {(6) and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atoms
in one molecule;

Component (C): a hydrosilylation catalyst;

Component {(D): a phosphor; and

Component (E}: particles having units selected from
general formulae (3) and/or (&}):

[Chem. 5]

(R7R®SIC, ,) (5)

(R°SIO, ,) (6)

wherein R’ to R® are each a substituted or
unsubstituted menovalent hydrocarbon group, and may be the
gsame or different, and

{1} Components [A) and (B);

(ii} Components (A} and (C);

(iii) Components (A) and (E);

(iv) Components (&), {C) and (E);
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(v) Components (B} and (E);
{(vi) Components (A}, {B) and (E); and

(vii} Components (C) and {(E).

13. A process for production of the phosphor-containing
cured silicone defined in any one of claims -l to 9 by
mixing the following components {(A) to (E), the process
comprising:

producing a ?hosphor—containing gilicone composition
through any one of the following Qﬁerations (I} to (VIII);
and

curing the phosphor-containing silicone composition:

Component (A): arcompound having units selected from
general formulae (5) and/or {6) and containing one or more
alkenyl groups bound to one or more gilicon atoms in one
molecule;

Component (B): a compound having units selected from
general formulae (5) and/or (6) and containing two or more
hydrogen atoms bound to a silicon atom and/or silicon atoms
in one molecule;

Component (C): a hydrosilylation catalyst;

Component (D}: & phosphor; and

Component (E): particles having units selected from
general formulae (5) and/or (6):

[Chem. 6]
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(R7RESIO, ) (5)

(ReSIO, ) (6)

wherein R’ to R® are each a substituted or
unsubstituted monovalent hydrocarbon grbup, and may be the
same oY different, and

(I} wixing a composition precursor including the
components (A}, {(C) and (E) with the component (B); |

(II) wixing a composition precursor including the
components (A) and (C) with =a composition precursor
including the compcnents (B) and (E};

(IIT) wmixing a composition precurscr incliuding the
components (&), {(C) and (E}) with a composition precursor
including the components (B) and (B);

{IV) mixing a compesition precursor including the
components {A) and {(C} with a composition precursor
including the components (&) and (B) together with the
component (E);

(V) mixing a composition precursor Including the
componentg (A) and (C) with the components (&), (B) and
(E) ;

(VI}) mixing a composition precursor including the
compenent (B) with the component (D) ;

(VII) mixing a composition precursor iIncluding the
component (C) with the component (D) ; and

(VITI) mixing a composition precursor including the

component (B) with a composition precursor including the
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component. (C}, followed by or at substantially the same

time mixing with the component (D).

14. A process for prodﬁction. of the phosphor-containing
cured silicone defined, in any one of c¢laimg 1 to 9 by
mixing the fcllowing compeonents (A) to (E}, the process
comprising:

producing a phosphor-containing silicone composition
through any one of the following operations (IX) to (XI);
and

curing the phosphor-containing silicone compogition:

Component {(A)}: a compound having units selected from
general formulae (3} and/or (6) and containing one or more
alkenyl groups bound to one or more gilicon atoms in one
molecule;

Component (B)}: a compound having units selected from
general formulae (5) and/ocr (8) and containing two or more
hydrogen atoms bound to & silicon atom and/or silicon atoms
in one molecule;

Component (C): a hydrosilylation catalyst;

Component (D): a phosphor; and

Component (E): particles having units selected from
general formulae (5) and/or (6):

[Chem. 7]

(R7TRESIO, ) (5)

(R®SIO, ,) (6)
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wherein R’ to R® are each a substituted or
unsubstituted monovalent hydrocarbon group, and may be the
game or different, and

(I¥) mixing the component (B) with the component (D) ;

{(X) mixing the component (C) with the component (D);
and '

(XI} mixing the component (B) with the component (C),
foliowed by or at substantially the same time mixing with

the component (D).

15. A sheet in which the phosphor-containing cured
gilicone defined in any one of claims 1 to 2 is molded on a

substrate.

16. An LED package comprising the phosphor-containing

cured silicone defined in any one of claims 1 to 9.

17. A light-emitting device comprising the LED package

defined in claim 16.

18. A process for production of an LED-mounted substrate
by mounting an LED element on a substrate having a circuit
pattern formed therein, the process comprising:

bonding a plurality of LED elements to a substrate
having a circuit pattern formed on at least one surface
therecf; and then

collectivély ‘sealing the plurality of LED elements
with
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the phosphor-containing silicone composition defined in

claim 10 oxr 11.

19, The process according to claim 18, comprising

installing a reflection plate on the LED elements.
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Phosphor-Containing Cured Silicone, Process For Production Of Same,
Phosphor-containing Silicone Composition, Precursor Of The Composition,
Sheet-Shaped Moldings, Led Package, Light -Emitting Device, And Process For
Production Of Led-Mounted Subsirate

Abstract

A phosphor-containing cured.silicone thet is a cured silicone
which has a structure represented by general formulae (1) and/or
{2} and also has units selected from general formulae (3) and/or
(4), the pho.sphor—containing curedsilicone includes a phosphor
and particles having units selected from general formulae (3)
and/orl(4):

{Chem. 1]

mSEiwCWH_'EWW*MS!im 1)
i |
“=S=i—xmsire‘1ﬁmczmwsfw (2)
|

(R4RSSIO, ,,) (3)

(R8SIO, ,,) (4)

wherein R* to R’ are each a hydrogen atom, a methyl group,

an ethyl group or a propyl group; X represents a methylene g;toup,
a dimethy.lene group or a trimethylene group, and may be the same
or different; and R to R® are each a substituted or unsubstituted
monovalent hydrocarbon group, and may be the same or different.
An object of the present invention is to provide a cured
silicone in which a phospher is uniformly dispersed, the cursd

silicone is characterized in that a silicone material has good
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thermal resistance and lightfastness. In addition, an dbject
of the present invention is to provide a process for production
of an LED-mounted substrate by which a plurality of LED elements

can be continuously mounted in a batch manner.
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