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(57) Abstract: A composition includes: (I) an alkenyl functional, phenyl-containing polyorganosiloxane, an Si-H functional
phenyl-containing polyorganosiloxane, or a combination thereof; (II) a hydrogendiorganosiloxy terminated oligodiphenylsiloxane
having specific molecular weight, an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane having specific
molecular weight, or a combination thereof; and (III) a hydrosilylation catalyst. A light emitting device is made by applying the
composition onto a light source followed by curing. The composition provides a cured material with mechanical properties suited

for use as an encapsulant for a light emitting device.
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DESCRIPTION
LIGHT EMITTING DEVICE ENCAPSULATED WITH SILICONES AND CURABLE
SILICONE COMPOSITIONS FOR PREPARING THE SILICONES
Cross Reference to Related Applications
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
60/776,575 filed 24 February 2006 and U. S. Provisional Patent Application No. 60/759,501
filed on 17 January 2006 under 35 U.S.C. §119 (¢). U.S. Provisional Patent Application No.
60/776,575 and U.S. Provisional Patent Application No. 60/759,501 are hereby incorporated
by reference.
Technical Field

[0002] This invention relates to curable silicone compositions and light emitting devices
encapsulated with silicone products prepared by curing these compositions. More
particularly, this invention relates to hydrosilylation-curable compositions that cure to form
silicone products having optical clarity, high refractive index, resistance to high temperature,
and high mechanical strength. This invention further relates to reliable light emitting
devices encapsulated with the silicone products.

Background

[0003] Curable silicone compositions giving optically clear silicone products are
frequently used in light emitting devices for properties such as their thermal and light
resistance. Such curable silicone compositions may have advantages of high reliability over
conventional materials such as epoxy resin materials, which may suffer from the drawback of
discoloration by the action of heat and light generated from the light source.

[0004] However, mechanical and adhesion properties of optically clear silicone products
may be poorer than epoxy resins and filled silicones. These may cause fracture or
delamination of the silicone product, resulting in a drop of the light output. One proposed
approach to address this is to use a silicone resin compatible to the silicone product as a
toughening agent. Another approach is to incorporate organic polymer components or
functionalities into the silicone polymer structure, however, such modifications of silicone
may be unsuitable for thermal and light resistance.

Summary of the Invention

[0005] This invention relates to a composition prepared by mixing components

comprising:
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(D) an alkenyl functional, phenyl-containing polyorganosiloxane, an Si-H functional phenyl-
containing polyorganosiloxane, or a combination thereof;

(II) a hydrogendiorganosiloxy terminated oligodiphenylsiloxane having specific molecular
weight, an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane having
specific molecular weight, or a combination thereof; and

(IIT) a hydrosilylation catalyst.

At least one of components (I) and (II) contains alkenyl groups. At least one of components
(1) and (II) contains silicon bonded hydrogen atoms.

[0006] This invention further relates to a light emitting device encapsulated or coated
with a silicone product prepared by curing the curable silicone composition.

Detailed Description of the Invention

[0007] All amounts, ratios, and percentages are by weight unless otherwise indicated.
The following is a list of definitions, as used herein.

Definitions and Usage of Terms

[0008) "Light emitting device" means a device for lighting. Light emitting device
includes a light emitting diode (LED) in which a semiconductor chip mounted on a substrate
as a light emitting element is encapsulated with an optically transmissive silicone product.
Such encapsulation helps to protect against mechanical shock and intrusion of dust or
moisture. It also serves at the same time as a medium which improves index matching
along the light path and supports propagation of a light signal through its bulk without
significant reflection or attenuation of the signal. The medium may be transparent or
contain a phosphor or other additive to modify transparency. Light emitting device also
includes devices or system structures in which the other light emitting sources such as a
fluorescent lamp is used.

[0009] "Delamination” means the tendency of the silicone product to peel off from the
light emitting element or the other materials in the light emitting device. ‘
[0010] "Fracture" means the tendency of the encapsulant to show deformation or
cracking, or both, in the light emitting devices.

[0011] The abbreviation "Me" means methyl group.

[0012] The abbreviation "Ph" means phenyl group.

[0013] The abbreviation "Vi" means vinyl group.

[0014]) The abbreviation "Hex" means hexenyl group.
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[0015] "Pa-s" means Pascal seconds.

[0016] The abbreviation "ppm" means parts per million.

Component (I)

[0017) Component (I} may comprise an alkenyl functional, phenyl-containing
polyorganosiloxane having an average compositional formula given as RlaszSiO(4_a_b)/2.
The alkenyl functional, phenyl-containing polyorganosiloxane may have a linear, branched,
cyclic, or resinous siloxane structure. The alkenyl functional, phenyl-containing
polyorganosiloxane may be a single component or a combination comprising more than one
alkenyl functional, phenyl-containing polyorganosiloxane. Component (I) may comprise a
branched alkenyl functional, phenyl-containing polyorganosiloxane and a linear alkenyl-
functional, phenyl-containing polyorganosiloxane. The relative amount of branched alkenyl

functional, phenyl-containing polyorganosiloxane may range from 0.01 % to 35 % based on

the weight of the composition and alternatively 1 % to 15 %. EachRlis independently an
alkenyl group having 2 to 12 carbon atoms.  The alkenyl groups are exemplified by, but not
limited to, vinyl, allyl, butenyl, and hexenyl. The alkenyl groups in the alkenyl functional,
phenyl-containing polyorganosiloxane may be located at monovalent, bivalent, and trivalent
siloxane units. Each R? is independently a methyl group or a phenyl group. At least 30
mol% to 90 mol% of R2 may be phenyl groups. Without wishing to be bound by theory, it
is thought that the amount of phenyl groups may be selected to improve compatibility of
components (I) and (II). The methyl and phenyl groups in component (I) may be located at
monovalent, bivalent, and trivalent siloxane units. In the formula, a and b are positive
numbers satisfying following equations: a+b=1 to 2.2 and a/(a+b)=0.001 to 0.05.
Component (I) may comprise polyorganosiloxanes such as
ViMe3SiO(SiMePhO),SiMe) Vi,

ViMepSiO(SiPhoO),SiMes Vi,

ViMe;SiO(SiMen0),(SiMePhO),,,SiMe) Vi,

ViMeSiO(SiMer0),(SiPhy0),SiMes Vi,

HexMeSiO(SiMePhO),SiMeoHex,

HexMe»SiO(SiPhy0),SiMesHex,
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HexMe)SiO(SiMe0)p(SiMePhO),SiMeoHex,
HexMe)SiO(SiMep0)y (SiPhp0)y,SiMes Hex,
ViMePhSiO(SiMePhO),SiMePhVi,
ViMePhSiO(SiPhy0),SiMePhVi,
ViMePhSiO(SiMen0),,(SiMePhO),,,SiMePhVi,
ViMePhSiO(SiMe70)n(SiPhy0)y, SiMePhVi,
ViMepSiO(SiMePhO),(SiMeViO)y, SiMe, Vi,
ViMe;SiO(SiMe0) (SiMePhO)y, (SiMeViO)SiMey Vi,
ViMeSiO(SiMez0)(SiPhy O0)m(SiMeViO)SiMes Vi,
ViMePhSiO(SiMePhO)(SiMeViO), SiMePhVi,
ViMePhSiO(SiMe20),(SiMePhO),(SiMeViO)SiMePh Vi,
ViMePhSiO(SiMep0)(SiPhp0)y,(SiMeViO) SiMePhVi,
Me3SiO(SiMePhO),(SiMeViO),,SiMes,
Me3SiO(SiMe20)y(SiMePhO), (SiMeViO)SiMes,
Me3SiO(SiMe20)y,(SiPhy 0)(SiMeViO) SiMes,
Me3SiO(SiMePhO)(SiMeHexO),SiMe3,
Me3SiO(SiMenO)y,(SiMePhO)y, (SiMeHex0) SiMes,
Me3SiO(SiMen0)(SiPhpO)n(SiMeHex0))SiMes,
(ViMe38i01/2)p(PhSi03/2)q,
(ViMenSi01/2)p(Me28i02/2)q(PhSiO3/2)y,
(ViMe28i01/2)p(MePhS8i02/2)q(PhSiO3/2)y,
(ViMe28i01/2)p(Ph2Si02/2)q(PhSiO3/2)y,
(ViMe8i01/2)p(MeSi03/2)q(PhSiO3/2)y,
(ViMe28i01/2)p(PhSi03/2)q(SiO4/2)r
(HexMePhSi01/2)p(PhSiO3/2)g,
(ViMePhSi01/2)p(PhSiO3/2)q,
(ViMePhSi01/2)p(Me25i02/2)q(PhSiO3/2)y,
(ViMePhSiOq /2p{MePh8i02/2)q(PhSiO3/2)y,

PCT/US2007/002966
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(ViMePhSi01/2)p(Ph28i02/2)q(PhSiO3/2)y,
(ViMePhSiO1 /2)p(MeSiO3 /2)q(PhSiO3)y,

(ViMePhS8i0] /2)p(PhSi03/2)(Si04/2)r,

(ViMePhSi01/2)p(PhSiO3/2)g,

(HexMe3Si01/2)p(PhSiO3 /2)q
(HexMe3Si01/2)p(Me28i02/2)q(PhSiO3/2)y,
(HexMe38i01 /2)p(MePhSi02/2)q(PhSiO3/2)y,
(HexMe8i01 /2)p(Ph)8i02/2)q(PhSiO3/2)y,
(HexMepSi01/2)p(MeSi03/2)q(PhSiO3/2)y,
(Me38i01/2)p(MeViSiO/2)q(PhSiO3 )y,
(Me35i01/2)p(ViSi03/2)q(PhSiO3/2)y,
(Me38i01/2)p(MeViSi02/2)q(PhSiO3/)y,
(ViMeSi03/2)p(Me2Si02/2)q(PhSiO3/)y,
(ViMeSiO) /z)p(MePhSiOZ/z)q(PhSiOy, /2
(ViMeSi02/2)p(PhpSi02/2)q(PhSiO3 )y,
(ViMeSi02/2)p(MeSi03/2)q(PhSiO3/2)y,
(ViMeSi02/2)p(PhSi03/2)q(Si04/2)r
(ViMeSi02/2)p(Me28i02/2)q(PhSiO3/2)y,
(ViMeSi0, /2)p(MePhSi02/2)q(PhSiO3 /2)r
(HexMeSi07/2)(Ph28i02/2)g(PhSiO3/2)y,
(HexMeSiOz/z)p(MeSiO3 /z)q(PhSiO3 /D>
(HexMeSi02/2)p(PhSi03/2)q(Si0O4/2)y, or

a combination thereof.

In the formulas, n, m, 1 are positive numbers less than 200 that mean the average number of

each monomer unit in the polymer, and p, q, r, and s mean the average mol percentages of

each monomer unit in the total average compositions.

[0018] Alternatively, component (I) may comprise an Si-H functional phenyl-containing

polyorganosiloxane having an average compositional formula given as
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HaszSiO(4_a_b)/2, where R2, a, and b are as described above. The Si-H functional

phenyl-containing polyorganosiloxane may have a linear, branched, or cyclic siloxane
structure. The Si-H functional phenyl-containing polyorganosiloxane may be a single
component or a combination comprising more than one SiH functional phenyl-containing
polyorganosiloxane. Component (I) may comprise polyorganosiloxanes such as
HMeSiO(SiMePhO),,SiMesH,

HMe3 SiO(SiPhyO),SiMeoH,
HMeSiO(SiMey0),(SiMePhO),,SiMeoH,
HMe)SiO(SiMey 0)n(SiPhpO)ySiMesH,
HMeSiO(SiMePh0),,SiMeoH,
HMe3SiO(SiPhyO),SiMeoH,

HMe3SiO(SiMen O)(SiMePhO),, SiMeoH,
HMeSi0(SiMenr 0),(SiPhpO)y,SiMenH,
HMePhSiO(SiMePhO),,SiMePhH,
HMePhSiO(SiPhy0),SiMePhH,
HMePhSiO(SiMep0)(SiMePhO), SiMePhH,
HMePhSiO(SiMey O), (SiPhn O),,, SiMePhH,
HMe)SiO(SiMePhO),(SiMeHO),,SiMeoH,
HMe)Si0(SiMe0)n(SiMePhO) (SiMeHO) SiMes H,
HMepSiO(SiMes 0)y (SiPhpO)yy (SiMeHO)1SiMesH,
HMePhSiO(SiMePhO),(SiMeHO),, SiMePhH,
HMePhSiO(SiMe3 O)y (SiMePhO)m (SiMeHO);SiMePhH
HMePhSiO(SiMep0)p(SiPhy0)m(SiMeHO)SiMePhH,
Me3SiO(SiMePhO),(SiMeHO),SiMe3,
Me3SiO(SiMerO)n(SiMePhO), (SiMeHO)SiMe3,
Me3Si0(SiMen0)(SiPhy O) i,y (SiMeHO) SiMes,
Me3SiO(SiMePhO),(SiMeHO),SiMes,
Me3SiO(SiMen0)n(SiMePhO)m(SiMeHO);SiMes,

b
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Me3SiO(SiMep0)y(SiPhoO)m(SiMeHO) SiMe3,

(HMeSi01/2)p(PhSi03/2)q,

(HMe3S8i01 /2)p(Me8i02/2)q(PhSiO3/2)r,
(HMepSi01/2)p(MePhSi02/2)q(PhSiO3/2)y,
(HMepS8i01/2)p(PhoSi02/2)q(PhSiO32)y,
(HMeSi01/2)p(MeSi03/2)q(PhSiO3/2)r,
(HMe38i01/2)p(PhSi03/2)q(Si04/2)r,
(HPhSi01/2)p(PhSi03/2)q,
(HMePhSiO1/2)p(PhSi03/2)g,
(HMePhSi01/2)p(Me38i02/2)q(PhSiO3/2)r,
(HMePhSiO1/2)p(MePhSiO2/2)(PhSiO3/2)y,
(HMePhSi07/2)p(Ph2Si02/2)q(PhSiO3 )y,
(HMePhSiO1/2)p(MeSi03/2)q(PhSiO3/2)
(HMePhSiO1/2)p(PhSi03/2)¢(Si04/2)r.
(HMePhSi01/2)p(MeSiO3/2)q,
(HMe3Si01/2)p(PhSiO3/2)q,
(HMe38i01/2)p(Me38i02/2)q(PhSiO32)y,
(HMe38i01/2)p(MePhSi02/2)q(PhSiO3/2)y,
(HMe38i01/2)p(Ph2Si02/2)q(PhSiO32)y,
(HMe38i01/2)p(MeSi03/2)q(PhSiO3/2)y,
(Me38i012)p(MeHSi02/2)q(PhSiO3/7)y,
(Me38i07/2)p(HSi03/2)q(PhSiO3/2)y,
(Me3Si01/2)p(MeHSi02/2)q(PhSiO3/2)y,
(HMeSi02/2)p(Me28102/2)q(PhSi03/2)y,
(HMeSiO2/2)p(MePhSi02/2)q(PhSiO3/2)y,
(HMeSi02/2)p(Ph2Si02/2)g(PhSiO3/2)y,
(HMeSi02/2)p(MeSi03/2)q(PhSiO3/2)y,
(HMeSi02/2)p(PhSi03/2)(Si04/2)y.

PCT/US2007/002966
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(HMeSi02/2)p(Me28i02/2)q(PhSiO3/2)y,

(HMeSi02/2)p(MePhSiO2/2)q(PhSiO3 /)y,

(HMeSi02/2)p(Ph2Si02/2)q(PhSiO3 )y,

(HMeSi02/2)p(MeSi03/2)q(PhSiO3/2)y,

(HMeSiO2/2)p(PhSi03/2)q(8i04/2)r,

(HMeSi02/2)p(HSi03/2)(PhSiO3/2)y,

(HMeSiO2/2)p(HMeSiO07/2)q(PhSiO3/2)y,

(HMeSi02/2)p(HMeSi02/2)q(MeSiO3/2)y,

(HMeSiO02/2)p(HMeSiO) /2)q(MeSi032)(PhSi03/3)s, or

a combination thereof.

In the formulas, n, m, | p, q, r and s are as described above.

[0019] Methods of preparing linear, branched, and cyclic polyorganosiloxanes suitable
for use as component (I), such as hydrolysis of organohalosilanes or organoalkoxysilanes
followed by condensation or equilibration, are well known in the art.

Component (1) Hydrogendiorganosiloxy terminated oligodiphenylsiloxane

[0020] Component (II) may comprise a hydrogendiorganosiloxy terminated
oligodiphenylsiloxane having a molecular formula given as HR3,SiO(SiPhyO), SiR3,H.
Component (II) may be a single component or a combination comprising more than one

hydrogendiorganosiloxy terminated oligodiphenylsiloxane. Each R3 is independently a
methyl group or a phenyl group. In formula each x is an integer from 2 to 8, and x averages
from2to 4. Component (II) may comprise oligodiphenylsiloxanes such as
HMe»8iO(SiPhp0)y SiMerH,

HMePhSiO(SiPhy0)4SiMePhH, or

a combination thereof, where x is as described above.

[0021] Alternatively, component (II) may comprise an alkenyl-functional,
diorganostloxy-terminated oligodiphenylsiloxane having a molecular formula given as

RIR3,8i0(SiPhy0)4SiR3,R1, where R1, R3, and x are as described above. The alkenyl-

functional, diorganosiloxy-terminated oligodiphenylsiloxane may be a single component or a

combination comprising more than one alkenyl-functional, diorganosiloxy-terminated
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oligodiphenylsiloxane. The alkenyl-functional, diorganosiloxy-terminated
oligodiphenylsiloxane is exemplified by

ViMepSiO(SiPhy0)SiMen Vi,

ViMePhSiO(SiPhyO), SiMePhVi, or

a combination thereof, where x is as described above.

[0022] Methods of preparing oligodiphenylsiloxanes suitable for use as component (II),
such as hydrolysis and condensation of diphenyldichlorosilane or diphenylalkoxysilane
followed by capping, are well known in the art.

Component (I111) Hydrosilylation catalyst

[0023] Component (III) is a hydrosilylation catalyst. Component (II) is added to the
composition in an amount of 0.1 to 1000 ppm of platinum group metal, alternatively 1 to 500
ppm, alternatively 2 to 200, alternatively 5 to 150 ppm, based on the weight of the
composition. Suitable hydrosilylation catalysts are known in the art and commercially
available. Component (III) may comprise a platinum group metal selected from platinum,
rhodium, ruthenium, palladium, osmium or iridium metal or organometallic compound
thereof, or a combination thereof. Component (III) is exemplified by compounds such as
chloroplatinic acid, chloroplatinic acid hexahydrate, platinum dichloride, and complexes of
said compounds with low molecular weight organopolysiloxanes or platinum compounds
microencapsulated in a matrix or coreshell type structure. Complexes of platinum with low
molecular weight organopolysiloxanes include 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane
complexes with platinum. These complexes may be microencapsulated in a resin matrix.
[0024] Suitable hydrosilylation catalysts for component (II) are described in, for
example, U.S. Patents 3,159,601; 3,220,972; 3,296,291; 3,419,593; 3,516,946; 3,814,730;
3,989,668; 4,784,879; 5,036,117; and 5,175,325 and EP 0 347 895 B.

Optional Components

[0025] An optional component may be added to the composition in addition to
components (I)-(IIT). Suitable optional components include (IV) a co-crosslinker (V) an
adhesion promoter, (V1) a filler, (VII) a treating agent, (VIII) an optically active agent, (IX) a
cure modifier, (X) a rheology modifier, and a combination thereof.

Component (IV) Co-crosslinker

[0026] Component (IV) is a co-crosslinker. Component (IV) may be added to the

composition in an amount of 0.01 to 50 weight parts based on the weight of the composition,
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alternatively 0.01 to 25 weight parts, and alternatively 1 to 5 weight parts. Component (IV)

may comprise a hydrogensilyl functional polyorganosiloxane having an average

compositional formula given as HCR4dSiO(4_c-d)/2 other than component (I). Each R4 is

independently a methyl group or a phenyl group. At least 30 mol% of R4 are phenyl
groups. Inthe formula, a and b are positive numbers satisfying following equations: c+d=1
to 2.2 and ¢/(c+d)=0.001 to 0.05.

Component (V) Adhesion Promoter

[0027]) Component (V) is an adhesion promoter. Component (V) may be added to the
composition in an amount of 0.01 to 50 weight parts based on the weight of the composition,
alternatively 0.01 to 10 weight parts, and alternatively 0.01 to 5 weight parts. Component
(V) may comprise (i) an alkoxysilane, (ii) a combination of an alkoxysilane and a hydroxy-
functional polyorganosiloxane, or (iii) a combination thereof, or a combination of component
(V)(1), (i) or (iii) with a transition metal chelate.

[0028] Alternatively, component (V) may comprise an unsaturated or epoxy-functional
compound. Suitable epoxy-functional compounds are known in the art and commercially
available, see for example, U.S. Pat. Nos. 4,087,585; 5,194,649; 5,248,715; and 5,744,507
col. 4-5. Component (V) may comprise an unsaturated or epoxy-functional alkoxysilane.

For example, the unsaturated or epoxy-functional alkoxysilane can have the formula
R5eSi(OR6)(4_e), where e is 1, 2, or 3, alternatively eis 1. Each RO is independently a
monovalent organic group with the proviso that at least one R3 is an unsaturated organic
group or an epoxy-functional organic group. Epoxy-functional organic groups for RS are
exemplified by 3-glycidoxypropyl and (epoxycyclohexyl)ethyl. Unsaturated organic groups
for RS are exemplified by 3-methacryloyloxypropyl, 3-acryloyloxypropyl, and unsaturated
monovalent hydrocarbon groups such as vinyl, allyl, hexenyl, undecylenyl. Each RS is
independently an unsubstituted, saturated hydrocarbon group of 1 to 4 carbon atoms,

alternatively 1 to 2 carbon atoms. R is exemplified by methyl, ethyl, propyl, and butyl.
[0029] Examples of suitable epoxy-functional alkoxysilanes include 3-
glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane,
(epoxycyclohexyl)ethyldimethoxysilane, (epoxycyclohexyl)ethyldiethoxysilane and

combinations thereof. Examples of suitable unsaturated alkoxysilanes include
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vinyltrimethoxysilane, allyltrimethoxysilane, allyltriethoxysilane, hexenyltrimethoxysilane,
undecylenyltrimethoxysilane, 3-methacryloyloxypropyl trimethoxysilane, 3-
methacryloyloxypropyl triethoxysilane, 3-acryloyloxypropyl trimethoxysilane, 3-
acryloyloxypropyl triethoxysilane, and combinations thereof.

[0030] Component (V) may comprise an epoxy-functional siloxane such as a reaction
product of a hydroxy-terminated polyorganosiloxane with an epoxy-functional alkoxysilane,
as described above, or a physical blend of the hydroxy-terminated polyorganosiloxane with
the epoxy-functional alkoxysilane. Component (V) may comprise a combination of an
epoxy-functional alkoxysilane and an epoxy-functional siloxane. For example, component
(V) is exemplified by a mixture of 3-glycidoxypropyltrimethoxysilane and a reaction product
of hydroxy-terminated methylvinylsiloxane with 3-glycidoxypropyltrimethoxysilane, or a
mixture of 3-glycidoxypropyltrimethoxysilane and a hydroxy-terminated
methylvinylsiloxane, or a mixture of 3-glycidoxypropyltrimethoxysilane and a hydroxy-
terminated methyvinyl/dimethylsiloxane copolymer, or a mixture of 3-
glycidoxypropyltrimethoxysilane and a hydroxy-terminated
methylvinyl/methylphenylsiloxane copolymer. When used as a physical blend rather than
as a reaction product, these components may be stored separately in multiple-part kits.
[0031] Suitable transition metal chelates include titanates, zirconates such as zirconium
acetylacetonate, aluminum chelates such as aluminum acetylacetonate, and combinations
thereof. Transition metal chelates and methods for their preparation are known in the art,
see for example, U.S. Pat. No. 5,248,715, EP 0 493 791 A1, and EP 0 497 349 B1.
Component (VI) Filler

[0032] Component (V) is a filler. The amount of component (VI) added to the
composition depends on the type of filler selected and the resulting optical transparency.
Component (VI) may be added to the composition in an amount of 0.1 % to 50 % based on
the weight of the composition, alternatively 0.1 % to 25 %. Suitable fillers include
reinforcing fillers such silica.  Suitable reinforcing fillers are known in the art and
commercially available, suéh és a fumed silica sold under the name CAB-O-SIL by Cabot
Corporaﬁon of Massachusetts.

[0033] Conductive fillers (i.e., fillers that are thermally conductive, electrically
conductive, or both) may also be used as component (VI). Suitable conductive fillers

include metal particles, metal oxide particles, and a combination thereof. Suitable thermally



10

15

20

25

30

WO 2007/100445 PCT/US2007/002966
12

conductive fillers are exemplified by aluminum nitride; aluminum oxide; barium titanate;
beryllium oxide; boron nitride; diamond; graphite; magnesium oxide; metal particulate such
as copper, gold, nickel, or silver; silicon carbide; tungsten carbide; zinc oxide, and a
combination thereof.

[0034] Conductive fillers are known in the art and commercially available, see for
example, U.S. Pat. No. 6,169,142 (col. 4, lines 7-33). For example, CB-A20S and Al-43-
Me are aluminum oxide fillers of differing particle sizes commercially available from Showa-
Denko, and AA-04, AA-2, and AA18 are aluminum oxide fillers commercially available
from Sumitomo Chemical Company. Silver filler is commercially available from Metalor
Technologies U.S.A. Corp. of Attleboro, Mass., U.S.A. Boron nitride filler is commercially
available from Advanced Ceramics Corporation, Cleveland, Ohio, U.S.A.

[0035] The shape of the.filler particles is not specifically restricted, however, rounded or
spherical particles may prevent viscosity increase to an undesirable level upon high loading
of the filler in the composition.

[0036] A combination of fillers having differing particle sizes and different particle size
distributions may be used. For example, it may be desirable to combine a first filler having
a larger average particle size with a second filler having a smaller average particle size in a
proportion meeting the closest packing theory distribution curve. This may improve
packing efficiency and may reduce viscosity and enhance heat transfer.

[0037] All or a portion of the filler may comprise spacers. Spacers can comprise
organic particles such as polystyrene, inorganic particles such as glass, or a combination
thereof. Spacers can be thermally conductive, electrically conductive, or both. Spacers
can have a particle size of 25 micrometers to 250 micrometers. Spacers can comprise
monodisperse beads. The amount of spacer depends on various factors including the
distribution of particles, pressure to be applied during placement of the composition, and
temperature of placement.

Component (VII) Treating Agent

[0038] The filler may optionally be surface treated with component (VII), a treating
agent. Treating agents and treating methods are known in the art, see for example, U.S.
Patent 6,169,142 (col. 4, line 42 to col. 5, line 2). Component (V I) may be treated with the
treating agent prior to combining component (VI) with the other components of the

composition, or component (VI) may be treated in situ.



10

15

20

25

30

WO 2007/100445 PCT/US2007/002966
13

[0039] The treating agent can be an alkoxysilane having the formula: R7fSi(OR8)(4-f),

where fis 1, 2, or 3; alternatively fis 3. Each R7 is independently a substituted or

unsubstituted monovalent hydrocarbon group of 1 to 50 carbon atoms. R7 is exemplified by

alkyl groups such as hexyl, octyl, dodecyl, tetradecyl, hexadecyl, and octadecyl; and aromatic
groups such as benzyl, phenyl and phenylethyl. R7 can be saturated or unsaturated,

branched or unbranched, and unsubstituted. R7 can be saturated, unbranched, and
unsubstituted.

[0040] Each R8 is independently an unsubstituted, saturated hydrocarbon group of 1 to 4
carbon atoms, alternatively 1 to 2 carbon atoms. The treating agent is exemplified by
hexyltrimethoxysilane, octyltriethoxysilane, decyltrimethoxysilane,
dodecyltrimethyoxysilane, tetradecyltrimethoxysilane, phenyltrimethoxysilane,
phenylethyltrimethoxysilane, octadecyltrimethoxysilane, octadecyltriethoxysilane, and a
combination thereof.

[0041) Alkoxy-functional oligosiloxanes can also be used as treating agents. Alkoxy-
functional oligosiloxanes and methods for their preparation are known in the art, see for

example, EP 1 101 167 A2. For example, suitable alkoxy-functional oligosiloxanes include
those of the formula (R%0)gSi(OSiR105R1 1)4.g. Inthis formula, gis 1, 2, or 3,

alternatively d is 3. Each R9 can independently be an alkyl group. Each R10 can be
independently selected from saturated and unsaturated monovalent hydrocarbon groups of 1
to 10 carbon atoms. Each R11 can be a saturated or unsaturated monovalent hydrocarbon
group having at least 11 carbon atoms.

[0042) Metal fillers can be treated with alkylthiols such as octadecyl mercaptan and
others, and fatty acids such as oleic acid, stearic acid, titanates, titanate coupling agents,
zirconate coupling agents, and a combination thereof,

[0043] Treating agents for alumina or passivated aluminum nitride may include

alkoxysilyl functional alkylmethyl polysiloxanes (e.g., partial hydrolysis condensate of
R12hR13iSi(OR14)(4-h.i) or cohydrolysis condensates or mixtures), similar materials where
the hydrolyzable group would be silazane, acyloxy or oximo. In all of these, a group
tethered to Si, such as R12 in the formula above, is a long chain unsaturated monovalent

hydrocarbon or monovalent aromatic-functional hydrocarbon. Each R13 is independently a
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monovalent hydrocarbon group, and each R14 is independently a monovalent hydrocarbon
group of 1 to 4 carbon atoms. In the formula above, his 1,2, 0or3 andiis 0, 1, or 2, with
the proviso that h+iis 1,2, or 3. One skilled in the art could optimize a specific treatment to
aid dispersion of the filler without undue experimentation.

Component (VIII) Optically Active Agent

[0044] Component (VIII) is an optically active agent. Examples of component (VIII)
include optical diffusants, phosphor powders, photonic crystals, quantum dots, nanoparticles
such as titanium dioxide nanoparticles or carbon nanotubes, dyes such as fluorescent dyes or
absorbing dyes, and combinations thereof. The amount of component (VIII) depends on
various factors including the optically active agent selected and the end use application.
However, the amount of component (VIII) may range from 0.01 % to 50 % based on the
weight of the composition, alternatively 1 % to 10 %.

Component (IX) Cure Modifier

[0045] Component (IX) is a cure modifier. Component (IX) can be added to extend the
shelf life or working time, or both, of the composition of this invention. Component (IX)
can be added to raise the curing temperature of the composition. Suitable cure modifiers are
known in the art and are commercially available. Component (IX) is exemplified by
acetylenic alcohols, cycloalkenylsiloxanes, eneyne compounds, triazoles phosphines;
mercaptans, hydrazines, amines, fumarates, maleates, and combinations thereof.

Examples of acetylenic alcohols are disclosed, for example, in EP 0 764 703 A2 and U.S.
Patent 5,449,802 and include methyl butynol, ethynyl cyclohexanol, dimethyl hexynol, 1-
butyn-3-ol, 1-propyn-3-ol, 2-methyl-3-butyn-2-ol, 3-methyl-1-butyn-3-ol, 3-methyl-1-
pentyn-3-ol, 3-phenyl-1-butyn-3-ol, 4-ethyl-1-octyn-3-ol, 3,5-diemthyl-1-hexyn-3-ol, and 1-
ethynyl-1-cyclohexanol, and combinations thereof.

[0046] Examples of cycloalkenylsiloxanes include methylvinylcyclosiloxanes
exemplified by 1,3,5,7-tetramethyl-1,3,5,7-tetravinylcyclotetrasiloxane, 1,3,5,7-tetramethyl-
1,3,5,7-tetrahexenylcyclotetrasiloxane, and combinations thereof. Examples of eneyne
compounds include 3-methyl-3-penten-1-yne, 3,5-dimethyl-3-hexen-1-yne, and combinations
thereof. Examples of triazoles include benzotriazole. Examples of phosphines include
triphenylphosphine. Examples of amines include tetramethyl ethylenediamine. Examples
of fumarates include dialkyl fumarates, dialkenyl fumarates, dialkoxyalkyl fumarates, and
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combinations thereof. Suitable cure modifiers are disclosed by, for example, U.S. Pat. Nos.
3,445,420; 3,989,667; 4,584,361; and 5,036,117.
[0047] Alternatively, component (IX) may comprise a silylated acetylenic inhibitor.
Without wishing to be bound by theory, it is thought that adding a silylated acetylenic
inhibitor reduces yellowing of the cured silicone product prepared from the composition of
this invention as compared to a cured silicone product prepared from a hydrosilylation
curable composition that does not contain an inhibitor or that contains an acetylenic alcohol.
Suitable silylated acetylenic inhibitors may have the general formula (IX)(i):
/ R" R
et b e=—c—¢—r%0 Si—R"*
=

|

I
R

4
, OT

general formula (IX)(ii):

—(-CHZ—?—C*O Si—R?’

t 4-n o .
, Or a combination thereof;

where each RY is independently a hydrogen atom or a monovalent organic group, R'® is a
covalent bond or a divalent hydrocarbon group, uis 0, 1,2, or 3, tis 0 to 10, and vis 4 to 12.
Alternatively uis 1 or 3.  Alternatively, in general formula (IX)(i) uis 3. Alternatively, in
general formula (IX)(ii), uis 1. Alternatively tis 0. Alternatively v is 5, 6, or 7, and
alternatively vis 6. Examples of monovalent organic groups for R'® include an aliphatically
unsaturated organic group, an aromatic group, or a monovalent substituted or unsubstituted
hydrocarbon group free of aromatics and free aliphatic unsaturation, as described above.
[0048] Silylated acetylenic inhibitors are exemplified by (3-methyl-1-butyn-3-
oxy)trimethylsilane, ((1,1-dimethyl-2-propynyl)oxy)trimethylsilane, bis(3 -methyl-1-butyn-3-
oxy)dimethylsilane, bis(3-methyl-1-butyn-3-oxy)silanemethylvinylsilane, bis((1,1-dimethyl-
2-propynyl)oxy)dimethylsilane, methyl(tris(1,1-dimethyl-2-propynyloxy))silane,
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methyl(tris(3-methyl-1-butyn-3-oxy))silane, (3-methyl-1-butyn-3-oxy)dimethylphenylsilane,
(3-methyl-1-butyn-3-oxy)dimethylhexenylsilane, (3-methyl-1-butyn-3-oxy)triethylsilane,
bis(3-methyl-1-butyn-3-oxy)methyltrifluoropropylsilane, (3,5-dimethyl-1-hexyn-3-
oxy)trimethylsilane, (3-phenyl-1-butyn-3-oxy)diphenylmethylsilane, (3-phenyl-1-butyn-3-
oxy)dimethylphenylsilane, (3-phenyl-1-butyn-3-oxy)dimethylvinylsilane, (3-phenyl-1-butyn-
3-oxy)dimethylhexenylsilane, (cyclohexyl-1-ethyn-1-oxy)dimethylhexenylsilane,
(cyclohexyl-1-ethyn-1-oxy)dimethylvinylsilane, (cyclohexyl-1-ethyn-1-
oxy)diphenylmethylsilane, (cyclohexyl-1-ethyn-1-oxy)trimethylsilane, and combinations
thereof.  Alternatively, the silylated acetylenic inhibitor may comprise methyl(tris(1,1-
dimethyl-2-propynyloxy))silane, ((1,1-dimethyl-2-propynyl)oxy)trimethylsilane, or a
combination thereof.

[0049) Silylated acetylenic inhibitors may be prepared by methods known in the art for

silylating an alcohol such as reacting a chlorosilane of formula R'’,SiCly., with an acetylenic

RIS /

15 RlS
- I
C C C'-—R—OH
15
\R / R

—Q—R

alcohol of formula t or

/RIS
P\
R: C c——cC

C C (CH2
\ &) [

OH

in the presence of an acid receptor. In these
formulae, u, t, v, R'> and R are as described above. Examples of silylated acetylenic
inhibitors and methods for their preparation are disclosed, for example, in EP 0 764 703 A2
and U.S. Patent 5,449,802.[0050] The amount of component (IX) added to the
composition will depend on the particular cure modifier used, the nature and amount of
component (III), and the composition of component (II). However, the amount of
component (IX) may range from 0.001 % to 10 % based on the weight of the composition,
alternatively 0.001 % to 5 %.

Component (X) Rheology Modifier

[0051] Component (X) is a rheology modifier. Rheology modifiers can be added to
change the thixotropic properties of the composition. Component (X) is exemplified by
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flow control additives; reactive diluents; anti-settling agents; alpha-olefins; hydroxyl-
terminated silicone-organic copolymers, including but not limited to hydroxyl-terminated
polypropyleneoxide-dimethylsiloxane copolymers; and combinations thereof.

Other Optional Components

[0052] Other optional components may be added in addition to, or instead of, all or a
portion of those described above, provided the optional component does not prevent the
composition from curing to form a silicone product. Examples of other optional
components include, but are not limited to, acid acceptors; anti-oxidants; stabilizers such as
magnesium oxide, calcium hydroxide, metal salt additives such as those disclosed in EP 0
950 685 Al, heat stabilizers, and ultra-violet (UV) stabilizers; flame retardants; silylating
agents, such as 4-(trimethylsilyloxy)-3-penten-2-one and N-(t-butyl dimethylsilyl)-N-
methyltrifluoroacetamide; desiccants, such as zeolites, anhydrous aluminum sulfate,
molecular sieves (preferably with a pore diameter of 10 Angstroms or less), kieselguhr, silica
gel, and activated carbon; optical diffusants; colloidal silica; and blowing agents, such as
water, methanol, ethanol, iso-propyl alcohol, benzyl alcohol, 1,4 butanediol, 1,5 pentanediol,
1,7 heptanediol, and silanols.

Overall SiH: Vi Ratio

[0053] The components in the composition may be selected such that the molar ratio of
the total amount of silicon-bonded hydrogen atoms to aliphatically unsaturated groups in the
composition (SiHynt/Vitot) is greater than 0.5 and alternatively at least 0.8.  SiHgt/Vigot

may be up to 10.0, alternatively up to 5.0, and alternatively up to 3.0. Without wishing to be
bound by theory, it is thought that if SiHn1/Vitet is too low, then the composition may not

cure or may not adhere to some substrates, and there may be an increase in bleed from within
the composition to other surfaces. Without wishing to be bound by theory, it is thought that
if SiHot/Vigot is too high, surface properties such as adhesion may be hindered and there
may be an increase in bleed from within the composition to other surfaces.

Kits '

[0054) The composition may be a one-part composition or a multiple-part composition
such as a two-part composition. In a multiple-part composition, component (II) and
optional component (IV), when present, are stored in a separate part from component (III).

Any of components (I) and (V)-(VIII) can be added to either or both parts. One skilled in
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the art would know how to select components for each part without undue experimentation.
[0055] When a multiple part composition is prepared, it may be marketed as a kit. The
kit may further comprise information or instructions or both as how to use the kit, how to
combine the parts, or how to cure the resulting combination, or combinations thereof. For
example, a kit comprising Part A and Part B can be prepared as follows.

Part A comprises:

(I) an alkenyl functional phenyl-containing polyorganosiloxane,

(III) a hydrosilylation catalyst,

optionally (V) an adhesion promoter,

optionally (VI) a filler,

optionally (VII) a treating agent,

optionally (VIII) a cure modifier, and

optionally (IX) a rheology modifier.

Part B comprises

optionally (I) an alkenyl functional phenyl-containing polyorganosiloxane,

(II) a hydrogendiorganosiloxy terminated oligodiphenylsiloxane,

optionally (IV) a co-crosslinker

optionally (V) an adhesion promoter

optionally (VI) a filler,

optionally (VII) a treating agent,

optionally (VIII) a cure modifier, and

optionally (IX) a rheology modifier.

[0056] Alternatively, a multiple part composition having Part A and Part B, may be
prepared as follows. Part A comprises:

(II) an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane having a

molecular formula given as R1R328iO(SiPh20)xSiR32R1 where Ph represents a phenyl

group, each R1 is independently an alkeny] group having 2 to 12 carbon atoms, each R3 is
independently a methyl group or a phenyl group, x is an integer from 2 to 8, and x has an
average value of 2 to 4,

(III) a hydrosilylation catalyst,

optionally (V) an adhesion promoter
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optionally (VI) a filler,

optionally (VII) a treating agent,
optionally (VIII) a cure modifier, and
(IX) a rheology modifier.

Part B comprises:

(I) an Si-H functional, phenyl-containing polyorganosiloxane having an average

compositional formula given as HaszSi0(4_a_b)/2 where each RZ is independently a methyl

group or a phenyl group, at least 30 mol % of R2 are phenyl groups, a and b are positive
numbers having values such that: a +b=1 to 2.2 and a/(a + b) = 0.001 to 0.05;

optionally (II) an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane

having a molecular formula given as R1R3 28iO(SiPh20)XSiR32R1 where Ph represents a

phenyl group, each Rlis independently an alkenyl group having 2 to 12 carbon atoms, each
R3 is independently a methyl group or a phenyl group, X is an integer from 2 to 8, and x has
an average value of 2 to 4,

optionally (IV) a co-crosslinker;

optionally (V) an adhesion promoter;

optionally (VI) a filler;

optionally (VII) a treating agent;

optionally (VIII) a cure modifier; and

optionally (IX) a rheology modifier.

[0057] The kit may further comprise instructions for mixing Part A and Part B together
in a weight ratio. Part A and Part B can be mixed together in a ratio of Part A: Part B (A:B)
of 0.05:1 to 20:1, alternatively 0.1:1 to 10:1, alternatively 1:1 to 5:1.

Method of Making the Composition

[0058] The compositions described above can be prepared by mixing the components by
any convenient means. For example, the composition can be prepared by mixing all
components at ambient temperature. The mixer used is not specifically restricted and will
be determined by the viscosity of the components and the composition. Suitable mixers
include but are not limited to kneader type sigma blade mixers, double planetary mixers, non-
intrusive mixers such as those reliant on centrifugal motion, and two- and three-roll rubber

mills. The compositions may optionally be filtered after mixing. One skilled in the art
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would be able to prepare the composition without undue experimentation by the methods
disclosed above and in the examples set forth below.

Light Emitting Device

[0059] The composition of this invention is useful for a range of applications where
optically transmissive properties or adhesion properties or mechanical properties, or both, are
desired. For example, the compositions described above cure to form an optically clear
material with high adhesion strength and mechanical properties.

[0060] Cured silicone products prepared using the compositions of this invention can
vary in properties from rigid resins to elastomers to gels, depending upon various factors
including the types and concentrations of components (I) and (I1) and any optional
components that are added to the composition. The cured silicone products are preferably
soft elastomers or gels. Cured products prepared using the compositions are useful in end-
use applications as encapsulants or as coatings.

{0061] Encapsulation or coating techniques for light emitting devices in the present
invention are well known to the art and may be used in the present invention. Such
techniques comprise casting, dispensing, molding, and the like. For example, after the light
emitting device is enveloped in the uncured composition, typically performed in a mold, the
composition is cured. These compositions may be cured in one or more stages by heating.
For example, cure may be performed at temperatures in one embodiment ranging from room
temperature to 200 °C.

[0062] The light emitting devices withstand against thermal shock from soldering
condition and thermal and light exposure under light emitting condition. For example,
transmittance loss of the cured material at 400 nanometers (nm) is smaller than 10 % after
soldering at 260 °C for 5 minutes (Test-1). The cured composition show neither
delamination nor fracture during the soldering process. The similar stability is also
observed from following reliability test condition with lighting; a 500 thermal cycle between
-40 °C and 120 °C (Test-2), exposure at 85 °C/85% relative humidity for 1000 hours (Test-3),
and exposure at 150 °C for 1000 hours (Test-4).

Examples

[0063] These examples illustrate the invention to one of ordinary skill in the art and are

not intended to limit the scope of the invention set forth in the claims.
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Reference Example 1 - Preparation of HMe3SiO(Ph3SiO) 3SiMe H

[0064]) In a 4-necked 1L flask fitted with a thermometer, mechanical stirrer, nitrogen gas
inlet tube, and condenser, 735.6 grams (g) diphenyldimethoxysilane, 45.2 g acetic acid, and
670 milligrams (mg) trifluoromethanesulfonic acid were placed under nitrogen. Then the
reaction mixture was warmed up to 55 °C over 40 minutes (min). After heating for 80 min,
the reaction was quenched with addition of 4.5 g calcium carbonate. The reaction mixture
was evaporated to give 60 g of clear 0il. It was purified by a recrystallization from n-hexane
to yield a pure MeO(Ph>SiO),Me.

[0065] In a 4-necked 0.5-L flask fitted with a thermometer, a mechanical stirrer, pressure
equalized dropping funnel, and condenser, 128 g MeO(Ph)SiO)7>Me, 73.8 g 1,1,3,3-
hexamethyldiéiloxane, and 34.7 g acetic acid were placed under nitrogen. To dissolve the
alkoxysilane, 100 ml toluene was added to the flask, and then, 267 mg
trifluoromethanesulfonic acid was added to the reaction mixture. The reaction mixture was
warmed up at 50 °C.  After aging at 50 °C for 45 minutes, 28.1 g acetic anhydride was added
slowly to the reaction mixture over a 30 min period. After the addition, the reaction mixture
was kept standing at 40-50 °C for 2 hours (h). After cooling to 25 °C, the reaction mixture
was transferred to a 1-1 separation funnel with 170 ml toluene. The organic layer was
washed 6 times with 50 milliliters (ml) of water in each time. The residual organic layer
was evaporated to yield 153 g colorless liquid.

Reference Example 2 - Preparation of HMeSiO(Ph3Si0) 3 5SiMeH

[0066] In a 4-necked 2-L flask equipped with a thermometer, mechanical stirrer, pressure
equalized dropping funnel, and condenser, 977.6 g diphenyldimethoxysilane, 1.497 g
trifluoromethanesulfonic acid, and 144 g acetic acid were placed in this order under nitrogen.
After the reaction mixture was warmed to 42 °C, the reaction temperature gradually raised to
64 °C during 15 min without any heating. After the reaction temperature was decreased to
62 °C (20 minutes later), the reaction mixture was refluxed for 15 min. The mixture was
evaporated to yield a crude intermediate MeO(Ph)SiO); 50Me as a mixture still containing
trifluoromethanesulfonic acid.

[0067) To the above residue, 258 g 1,1,3,3-tetramethyldisiloxane was added. After the
mixture was warmed at 50 °C, 192 g acetic acid was added slowly to the mixture maintaining

the pot temperature at 49-51 °C.  After the addition, the reaction temperature was
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maintained at 50 °C for 5 min. To the reaction mixture, 163 g acetic anhydride was added
slowly to maintain the temperature at 48-52 °C with aid of a water bath.  After the addition
was completed, the reaction mixture was kept standing at 50 °C to 51 °C for 45 min. After
cooling to room temperature, the reaction mixture was transferred to a 2-1 separation funnel
with 200 ml heptane. The organic layer was washed 6 times with 50 ml of water in each
time. The residual organic layer was evaporated to yield 1005 g colorless liquid.

Using diphenyldimethoxysilane, trifluoromethanesulfonic acid, acetic acid, and acetic
anhydride, HMe»SiO(Ph3Si0)2 5SiMeoH is prepared.

Reference Example 3 - Characterization of Composition and Cured Composition

[0068] A composition was characterized by its viscosity at 25 °C and refractive index of
587 nm light at 25 °C.  The cured silicone product prepared by heating the composition at
150 °C for 1 min an oven was characterized by its transmittance at 400 nm with 10 mm light
path length and durometer A or D hardness.

Reference Example 4 - Preparation of Light Emitting Device

{0069] A light emitting diode device shown in Figure 1 was prepared as follows. A
GaN compound semiconductor (LED) chip 2 was placed in a polyphthalamide (PPA) case 1
and die bonded to an inner lead 3 portion of a lead frame with electroconductive paste, and
then the semiconductor chip was wire bonded with gold wire 4. A silicone composition as
described herein was coated on the semiconductor chip followed by cure at 150 °C for 1 hour
in an oven to form a cured silicone 5.

Reference Example 5 - Reliability Test of Light Emitting Device

[0070] Samples for % transmission testing were prepared according to reference example
3, and the samples were separately exposed to following conditions; (1) heating at 260 °C for
5 min on a hot plate, (2) heating at 150 °C for 100 h in an oven, (3) heating at 85 °C under
85% relative humidity for 100 h, and (4) applying a 500 thermal cycle test between —40 °C
and 100 °C, and (5) heating at 150 °C for 1000 h. Samples were also prepared according to
reference example 4 and exposed to the same conditions. After the exposures, appearance
of the encapsulant was 6bserve& with microscope in term of delamination, fracture, or the
other deformation. % Transmission before and after the exposures were measured, and

relative output values based on the initial output value as 100 were obtained.
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Example 1 - Curable Silicone Composition of the Invention

[0071] A mixture of ViMeSiO(SiMePhO),oSiMer Vi (44.11 %),
ViMe;SiO(SiMePhO)4SiMes Vi (8.22 %),
(ViMe38i01/2)0.15(MePh8i02/2)0.40(PhSiO3,2)0 45 (28.78 %), and
HMe3Si0(SiPhO)> 5SiMeyH (21.89 %), was prepared by mixing the components..
Addition of 0.38 parts Catalyst, which is a mixture of 90 % 1,3-diethenyl-1,1,3,3-
tetramethyldisiloxane and 10 % 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane complexes with
platinum, said mixture having a platinum content of 4.0 %, 1.0 parts a hydroxy-terminated
poly(dimethylsiloxane/methylvinylsiloxane) with (glycidoxypropyl)trimeth_oxysilane as
Adhesion Promoter, and 0.05 parts ethyl cyclohexanol as Cure Modifier to 100 parts of the
above mixture yielded a clear composition.

Example 2 ~ Curable Silicone Composition of the Invention

[0072] A mixture of ViMeSiO(SiMePhO)44(SiMeViO)1 2SiMer Vi,
(ViMe38i01/2)0.25(PhSi03/2)0. 75, HMenSiO(SiPhyO)2 5SiMegH, and PhSi(OSiMeyH)3
in ratio of 40.0:31.1:27.9:1.0 was prepared by mixing the components. Addition of 0.005
parts Catalyst, which is a mixture of 90 % 1,3-diethenyl-1,1,3,3~tetramethyldisiloxane and 10
% 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane complexes with platinum, said mixture having
a platinurn content of 5.0 %, 0.1 parts a hydroxy-terminated
poly(methylphenylsiloxane/methylvinylsiloxane) with (glycidoxypropyl)trimethoxysilane as
Adhesion Promoter, and 0.01 parts ethynylcyclohexan-1-ol as Cure Modifier to 100 parts of
the above mixture yielded a clear composition.

Example 3 - Curable Silicone Composition of the Invention

[0073] A mixture of (ViMe8i01/2)0 25(PhSi03/2)0.75, PhoSi(OSiMenVi)p,
PhSi(OSiMepVi)3, and HMepSiO(SiPhy0)2SiMeoH in ratio of 51.5:2.5:2.5:43.5 was

prepared by mixing the components. Addition of 0.01 parts Catalyst, which is a mixture of
90 % 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane and 10 % 1,3-diethenyl-1,1,3,3-
tetramethyldisiloxane complexes with platinum, said mixture havirig a platinum content of
5.0 %, and 0.05 parts ethynylcyclohexan-1-ol as Cure Modifier to 100 parts of the above
mixture yielded a clear composition.

Comparative example 1 - Curable Silicone Composition
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[0074] A mixture of ViMesSiO(SiMePhO)70SiMer Vi (37.54%),
ViMeSiO(SiMePhO)4SiMen Vi (6.11%),

(ViMe38i01/2)0.15(MePhSi02/2)0 40(PhSiO3/2)( 45 (43.65%), and PhySi(OSiMesH),
(12.7%) was prepared by mixing the components. Addition of 0.38 parts Catalyst, which is
a mixture of 90 % 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane and 10 % 1,3-diethenyl-
1,1,3,3-tetramethyldisiloxane complexes with platinum, said mixture having a platinum
content of 4.0 %, as Adhesion Promoter, and 0.05 parts ethynyl cyclohexanol as Cure
Modifier to 100 parts of the above mixture yielded a clear composition.

Comparative example 2 - Curable Silicone Composition

[0075] A mixture of ViMesSiO(SiMePhO)50SiMes Vi,
(ViMe38i01/2)0.25(PhSi03/2)¢.75, and HMerSiO(SiPhy0)4SiMesH in ratio of
44.4:36.3:19.4 was prepared by mixing the components. Addition of 0.005 parts Catalyst,
which is a mixture of 90 % 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane and 10 % 1,3-
diethenyl-1,1,3,3-tetramethyldisiloxane complexes with platinum, said mixture having a
platinum content of 5.0 %, 0.1 parts a hydroxy-terminated
poly(methylphenylsiloxane/methylvinylsiloxane) with (glycidoxypropyl)trimethoxysilane as
Adhesion Promoter, and 0.01 parts ethynylcyclohexan-1-ol as Cure Modifier to 100 parts of
the above mixture yielded a clear composition.

Comparative example 3 - Curable Silicone Composition

[0076] A mixture of (ViMe3Si0}/2)p 25(PhSi03/2)0.75, PhoSi(OSiMe; Vi)), and
PhySi(0SiMesH) in ratio of 69.5:2.8:27.7 was prepared by mixing the components.

Addition of 0.01 parts Catalyst, which is a mixture of 90 % 1,3-diethenyl-1,1,3,3-
tetramethyldisiloxane and 10 % 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane complexes with
platinum, said mixture having a platinum content of 5.0 %, and 0.05 parts
ethynylcyclohexan-1-ol as Cure Modifier to 100 parts of the above mixture yielded a clear
composition.

[06077)] The compositions in examples 1-3 and comparative examples 1-3 were evaluated
according to reference examples 3-5. The results are in Table 1.

Example 4

[0078] A mixture of ViMepSiO(MePhSiO2/2)19SiMer Vi (54.84 %),

ViMeS10(MePhS102/7)758iMep Vi (20.72 %), (ViMenSi01/2)9.25(PhSi03,2)0.75 (728
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%), (PhSi03/2)0.4(Me2HSi01/2)0.6 (0.51%) and HMeSiO(PhySiOy/0)) 5SiMeyH (15.48

%), was prepared by mixing the components. Addition of 0.77 parts Catalyst, which is a
mixture of 99 % ViMeSiO(SiMePhO)19SiMes Vi, 0.38% 1,3-diethenyl-1,1,3,3-
tetramethyldisiloxane, and 0.62% 1,3-diethenyl-1,1,3,3-tetramethyldisiloxane complexes
with platinum, said mixture having a platinum content of 25.0 %, and 0.39 paris inhibitor
which is a mixture of 99 % ViMe)SiO(SiMePhO)9SiMes Vi and 1% 1-ethynyl-1-
cyclohexanol as Cure Modifier to 100 parts of the above mixture yielded a clear composition.

The composition was evaluated according to test (5) in reference example 5. The results are
in Table 2.
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DRAWINGS

FIG. 1 is a cross-section image of light emitting device
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CLAIMS
1. A composition prepared by mixing components comprising:
(I) an alkeny! functional, phenyl-containing polyorganosiloxane having an average
compositional formula given as R1 aszSiO(4_a_b)/2 where R1 is an atkenyl group having 2
to 12 carbon atoms, each R2 is independently a methyl group or a phenyl group, at least 30

mol % of R2 are phenyl groups, a and b are positive numbers having values such that:
a+b=1to2.2anda/(a+b)=0.001 to 0.05;

(II) a hydrogendiorganosiloxy terminated oligodiphenylsiloxane having a molecular formula
given as HR378i0(SiPhp0),SiR37H where Ph represents a phenyl group, each R3 is

independently a methyl group or a phenyl group, X is an integer from 2 to 8, and x has an
average value of 2 to 4; and

(I1II) a hydrosilylation catalyst.

2. The composition of claim 1, where component (I) is selected from:
ViMe;SiO(SiMePhO),SiMes Vi,
ViMesSiO(SiPhy0),,SiMen Vi,
ViMesSiO(SiMerO)n(SiMePhO),SiMer Vi,
ViMerSiO(SiMerO)y (SiPhyO)yy SiMen Vi,
HexMe)SiO(8iMePhO),SiMesHex,
HexMe2SiO(SiPhoO),SiMeoHex,

HexMesSiO(8iMen 0),(SiMePhO),SiMesHex,
HexMe2SiO(SiMe0)y(SiPhpO)y SiMepHex,
ViMePhSiO(8iMePhO),SiMePhVi,
ViMePhSiO(SiPhyO),SiMePhVi,
ViMePhSiO(SiMep0)n(SiMePhO)y, SiMePhVi,
ViMePhSiO(SiMe20)(SiPhoO), SiMePhVi,
ViMe,SiO(SiMePhO) (SiMeViO)y, SiMe) Vi,
ViMeSiO(SiMer0)n(SiMePhO)y, (SiMeViO) SiMe, Vi,
ViMepSiO(SiMen ), (SiPhyO) iy (SiMeViO)SiMes Vi,
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ViMePhSiO(SiMePhO)(SiMeViO), SiMePhVi,
ViMePhSiO(SiMe0)p(SiMePhO)y, (SiMeViO)SiMePhVi,
ViMePhSiO(SiMer0)y(SiPhoO)m(SiMeViO) SiMePhVi,

Me3SiO(SiMePhO)(SiMeViO), SiMes,

Me3SiO(SiMep0)(SiMePhO)m(SiMeViO) SiMe3,
Me3SiO(SiMep0)n(SiPhyO)m(SiMeViO)SiMes,

Me3SiO(SiMePhO)n(SiMeHexO)mSiMe3,

Me3SiO(SiMenO)y(SiMePhO)m(SiMecHex0))SiMe3,
Me3SiO(SiMepO)n(SiPhyO)m(SiMeHexO) SiMes,

(ViMeSi01/2)p(PhSi03/2)g;
(ViMe3Si0}/2)p(Me28i02/2)q(PhSiO3/2)r,
(ViMerSiO1/2)p(MePhSi02/2)q(PhSiO3/2)r,
(ViMe2SiO1/2)p(Ph28i02/2)q(PhSi03/2)r,
(ViMenSiO1/2)p(MeSi03/2)q(PhSiO3/2)r,
(ViMe38i01/2)p(PhSi03/2)q(8i04/2)r
(HexMePhSiO1/2)p(PhSiO3/2)q
(ViMePhSi01/2)p(PhSiO3/2)g,
(ViMePhSiO]/2)p(Me25i02/2)q(PhSiO3/2)r,
(ViMePhSiO1 /z)p(MePhS iOg /2)q(PhSiO3 /2
(ViMePhSiO1/2)p(Ph25i02/2)q(PhSiO3/2)y,
(ViMePhSi10q /z)p(MeSiO?, /z)q(PhSi03 /2)rs
(ViMePhSiO1/2)p(PhSi03/2)q(8i04/2)x
(ViMePhSiO1 /2)p(PhSiO3 2D

(HexMenSiOq /z)p(PhSiO3 /2)qs

(HexMe3SiOg /2)p(Mezsi02 /2)q(PhSi03 /D>
(HexMepSiOq /2)p(MePhSi02 /z)q(PhSiO3 2>
(HexMenSiOq /2)p(Ph28i02 /z)q(PhSiO3 /2>
(HexMenSiO1 /z)p(MeSiO3 /2)q(PhSiO3 /D1

PCT/US2007/002966
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(Me38i01/2)p(MeViSi02/2)q(PhSiO3/2)y,
(Me38i01/2)p(ViSi03/2)q(PhSiO3/2)y,
(Me38i01/2)p(MeViSiOg /2)q(PhSiO3/2)y,
(ViMeSiO2/2)p(Me28i02/2)q(PhSiO3/2)y,
(ViMeSi02/2)p(MePhSi02/2)(PhSiO3/2)y,
(ViMeSi02/2)p(Ph8i02/2)(PhSiO3/2);,
(ViMeSi02/2)p(MeSi032)q(PhSi03/)y,
(ViMeS102/2)p(PhSi03/2)4(Si04/2)r
(ViMeSi02/2)p(MeSi02/2)q(PhSiO3/2)y,
(ViMeSi02/2)p(MePhSi02/2)q(PhSiO3/2)y,
(HexMeSiO2/2)p(Ph2Si02/2)g(PhSiO3/2)y,
(HexMeSi02/2)p(MeSi03/2)q(PhSiO3/2)y,
(HexMeSiOz/z)p(PhSiO:; /2)q(8104/2)y, or
a combination thereof,

where n, m, | are positive numbers less than 200 that mean the average number of each

monomer unit; and p, q, r, and s mean the average mol percentages of each monomer unit.

3. The composition of claim 1, where the composition contains 0.1 % to 35 % branched
alkenyl functional, phenyl-containing polyorganosiloxane based on the weight of the

composition.

4. The composition of claim 1, where component (II) is selected from:
HMeySiO(SiPhpO)SiMeo H,
HMePhSiO(SiPhyO)SiMePhH, or

a combination thereof.

5. A composition prepared by mixing components comprising:
(D) an Si-H functional, phenyl-containing polyorganosiloxane having an average

compositional formula given as HaszSi0(4_a_b) /2 where each R2 is independently a methyl
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group or a phenyl group, at least 30 mol % of R2 are phenyl groups, a and b are positive
numbers having values such that: a+ b= 1 to 2.2 and a/(a + b) = 0.001 to 0.05;

(I) an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane having a

molecular formula given as R1 Rg’zsiO(SithO)xSiR32R1 where Ph represents a phenyl

group, each R1 is independently an alkenyl group having 2 to 12 carbon atoms, each R3 is
independently a methyl group or a phenyl group, X is an integer from 2 to 8, and x has an
average value of 2 to 4; and

(III) a hydrosilylation catalyst.

6. The composition of any one of claims 1 to 5, further comprising a component selected
from: (IV) a co-crosslinker (V) an adhesion promoter, (V1) a filler, (VII) treating agent,
(VIII) an optically active agent, (IX) a cure modifier, (X) a theology modifier, or a

combination thereof.
7. A silicone product prepared by curing the composition of any one of claims 1 to 5.
8. A device comprising:

i) a semiconductor chip,
ii) a lead frame,
iii) a wire bonding the semiconductor chip to the lead frame, and

iv) the silicone product of claim 7 coated over the semiconductor chip.
9. The device of claim 8, where the semiconductor chip is light emitting.

10. A multiple part composition having Part A and Part B, where

Part A comprises:

(I) an alkenyl functional, phenyl-containing polyorganosiloxane having an average
compositional formula given as RlaszSiO(4_a_b)/2 where R1 is an alkenyl group having 2
to 12 carbon atoms, each R2 is independently a methyl group or a phenyl group, at least 30

mol % of R2 are phenyl groups, a and b are positive numbers having values such that:
a+b=1102.2and a/(a + b)=0.001 to 0.05;
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(III) a hydrosilylation catalyst,

optionally (V) an adhesion promoter

optionally (VI) a filler,

optionally (VII) a treating agent,

optionally (VIII) a cure modifier, and

(IX) a rheology modifier.

Part B comprises

optionally (I) the alkenyl functional phenyl-containing polyorganosiloxane,

(II) a hydrogendiorganosiloxy terminated oligodiphenylsiloxane having a molecular formula
given as HR3 QSiO(SiPh20)xSiR32H where Ph represents a phenyl group, each R3 is
independently a methyl group or a phenyl group, x is an integer from 2 to 8, and x has an
average value of 2 to 4;

optionally (IV) a co-crosslinker;

optionally (V) an adhesion promoter;

optionally (V1) a filler;

optionally (VII) a treating agent;

optionally (VIII) a cure modifier; and

optionally (IX) a rheology modifier.

1. A multiple part composition having Part A and Part B, where
Part A comprises:

(II) an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane having a

molecular formula given as R1R3ZSiO(SiPh20)xSiR3 2R1 where Ph represents a phenyl

group, each R1 is independently an alkenyl group having 2 to 12 carbon atoms, each R3 is
independently a methyl group or a phenyl group, x is an integer from 2 to 8, and x has an
average value of 2 to 4,

(111) a hydrosilylation catalyst,

optionally (V) an adhesion promoter

optionally (VI) a filler,

optionally (VII) a treating agent,
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optionally (VIII) a cure modifier, and
(IX) a rheology modifier.
Part B comprises

() an Si-H functional, phenyl-containing polyorganosiloxane having an average
compositional formula giveﬁ as HaR2bSi0(4_a_b)/2 where each R2 is independently a methyl

group or a phenyl group, at least 30 mol % of R? are phenyl groups, a and b are positive
numbers having values such that: a+ b =1 to 2.2 and a/(a + b) = 0.001 to 0.05;
optionally (IT) an alkenyl-functional, diorganosiloxy-terminated oligodiphenylsiloxane

having a molecular formula given as R1R328iO(SiPh20)xSiR32R1 where Ph represents a

phenyl group, each R1 is independently an alkenyl group having 2 to 12 carbon atoms, each
R3 is independently a methyl group or a phenyl group, x is an integer from 2 to 8, and x has
an average value of 2 to 4,

optionally (IV) a co-crosslinker;

optionally (V) an adhesion promoter;

optionally (VI) a filler;

optionally (VII) a treating agent;

optionally (VIII) a cure modifier; and

optionally (IX) a rheology modifier.

12. The kit of claim 10 or claim 11, further comprising instructions for mixing Part A
and Part B together in a weight ratio of Part A: Part B of 0.05:1 to 20:1.
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