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ITLE OF THE INVENTICN: PHOSPHOR-CONTAINING SHEET, LED LIGHT

=

EMITTING DEVICE USING THE SAME, AND METHCD FOR MANUFPACTURING

LED

TECHNICAL FIELD
[0001]

The present lnvention relates to a fluorescent material
formed into a sheet for converting an emisslon wavelength of

an LED chip.

BACKGROUND ART
[o002]

A Jignt emitting diode (LED) is rapidly expanding its
market faor a backlight of a liguid crystal display {LCD) and
for general lighting in addition to lighting in automotive
applications such as headlight because of a low power
consumption, a long 1ife time and desion against the background
of significant improvement in luminance efficiency.

[00G63]

Ay emlission color of an LED is limited since an emission
spectrum of the LED depends on a semiconductor material for
forming an LED chip. Therefore, in order to obtain LCD
backlight or white light for general lighting by using an LED,

it 1s necessary that a phosphor suitable for an LED chip is



arranged on the LED chip to convert an emission wavelength.
Specifically, amethod of disposing a vellow phosphor on an LED
chip that emits plue light, a method of disposing a red phosphor
and a green phosphor on an LED chip that emits blue light, a
method of disposing a red phosphor, & green phosphor and a lue
phosphor on an LED chip that emits ultraviolet light, and the
like are proposed. Among these methods, themethod of disposing
a yellow phosphor on an LED chip that emits blue light, and the
method of disposing a red phosphor and & green phosphor on an
LED chip that emits blue light are currently most widely
employed from the viewpcints of luminance efficiency and cost
of an LED chip.

[0004]

Patent Documents lto13prop@seazmethcd@ﬁfbondinqaasheet
containing a phosphor (hereinafter, referred to as a phosphor
sheet) toan LED chip as a specificmethod of disposing a phosphor
on an LED chip. This method is superior in that a constant
amount of a phosphor can be mere easily arranged on an LED chip
than a method of dispensing a liguid resin, in which a phosphor
heretofore put to practical use 1s dispersed, on an LED chip
cand curing the resin, and color and luminance of the resulting

white LED can be uniform.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

A



[60G5]

Patent Document 1: Japanese Patent Laid-open Publication
No. 2009-235368

Patent Document 2: Japanese Patent Laid-open Publication
No. 2010-123802

Patent Document 3: Japanese Patent Publication No.

2001-102004

SUMMARY OF THE INVENTION
PROBLEMS TO BE SCOLVED BY THE INVENTION
[00G6]
The method of bonding a phosphory sheet to a@n LED chip is
amore excellent method for stabilizing color and luminance than

1

the method of using a liguid resin containing a phosphor as
described above but it includes a problem of difficulty of
machining. There is a fear that cutting for singulating the
ohosphor sheet into a size of the LED chip may be cumberscme,
and it is necessary To previously perform holing at an area of
the phosphor sheet corresponding to an electrode portion on the
LED chip. Therefore, it is important to develop a phosphor
sheet material having excellent machinability.
(00507

On the other hand, it is essential to impart Lackiness
or adhesiveness in order o bond the phesphor sheet to the LED

chip. For example, Patent Document 1 discloses a method in

tad



which a sheet material obtained by dispersing a phosphor in an

3
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uricured silicone resin is molded, and the molded material
bonded and thermally cured to attain firm adheslion. However,
in the disclosed method herein, the phosphor sheet prior to
bonding is in an uncured state since 1f a resin main component
contained in the phosphor sheet is a cured silicone resin, the
phosphor sheet hardly attains an adhesive property, and 1t is
in the form of a2 semisolid or flexible solld and therefore the
phosphor sheet is very difficult to perform cutting or holing
with high precision.

[0008]

Further, Patent Document 2 employs a double-layered
structure of a layver containing a phosphor and a layer not
containing a phosphor for securing an adhesive property, and
specifies high-temperature (150°C) elastic modulus in both
cases before curing and after curing. By having the
double-layered structure, the layers are functionally
separated inte a layer containing a phosphor in a high
concentration and an adhesive layer not containing a phosphor,
and an elastic modulus at a high-temperature of each layer is

specified and therefore the phosphor sheet has an excellent

ot

bonding property, but properties at normal Lemperature are not
identified, and mechinability such as holing or cutting before

honding i3 not considered.

(0009}
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Moreover, Patent Document 3 discloses a composite shee
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formed by laminating an inorganic phosphor plate and an adhesiv
iaver and discloses that the lnorganic phosphor plate can be
cut by dicing, but the adhesive layer 1smade of a s1licone-based
elastomer, and machinabilility of the sheet at room temperature
is not clear.
(G010}

As described above, a phosphor sheetf which has excellent

machinablility pricr to bonding and has an excellent adhesive

property at the time of bonding has noif been attained. It iz
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an cbject of the present invention to provide a phospho

which achieves these characteristics simultaneously.

SOLUTIONS TG THE PROBLEMS
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In a first aspect, there is provided a phosphor-containing
sheet having a storage modulus of 0.1 MPa or more at 25°C and

a storage modulus of less than 0.1 MPa at 1L00°C, wherein a resin

maln component of the phospher-containing she
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crossiinked product formed by sublecting a crosslinkable

icone composition ceontaining at least the following

compesitions [A) to (D) to a nydrosilylation reaction;

(RY28105,2) 4 (RPS103,2) 5 (R¥01/2) ¢

in which R' is a phenyl group, an alkyl group or a



cycloalkyl group having 1 fo 6 carbon atoms, or an alkenvl group
Y Y P g S| f
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having 2 to & carbon atoms, provided that 65 to 75 mol % of R°

»

is phenyl and 10 to 20 mol % of R' is an
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a hydrogen atom cr an alkyl group having 1 to 6 carbon atoms,

and a, b and ¢ satisty the relationship of 0.5 2 a £{0.6, 0.4
b £ 0.5, 0£c<£0.Y and a + b = 1;

(B} organcpolysiloxane (5 to 15 parts by weight with
respect to 100 parts by welght of the component. (A} ) represented
by the general formula:

R%810(R%510),51R";

in which R* is a phenyl group, an alkyl group or a
cycloalkyl group having 1 to € carbon atoms, or an alkenvl group
having 2 Lo 6 carbon atoms, provided that 40 to 70 mol % of R’
is phenyl and at least one of R’s is an alkenyl group, and m
is an integer of 5 to 56;

{C) organotrisiloxane (such an amount that a molar ratio
of a hydrogen atom coupled with a sllicon atom in this component
to the teotal of the alkenyl group in the component (A) and the
alkenyl group in the component (B) i1s 0.5 to 2) represented by
the general formula:

(HR®,810},5ir",

in which R* is a phenyl group, ©or an alkyl group or a
cycloalkyl group having 1 to 6 carbon atoms, provided that 30
to 70 mol ¢ of R® is phenvyl; and

(DY a catalyst for a hydrosilylatien reaction {(such an



amount encugh to promote a hydrosilylation reaction of the

alkenyl groups in the component (A) and the component (B) with

the hydrogen atom coupled with a silicon atom in the component

In a second aspect, there iz provided a laminate in which the
phosphor-containing shest as defined herein 1is laminated on a
semiconductor wafer providad with an LED element therson.

In a third aspect, there is provided a light emitting device

obtained by using the phosphor-containing sheet as defined herein,

wherein a phosphor-containing layer having 2 thickness of

10 to 1000 wm, in which a difference between the thickness at

a center and the thickness at a middle point of

a line s=gment

drawn from the center Lo an arbitrary point at an end of the

emission surface is within a range of the thickness at said

center plus or minus 5%, is disposed on an LED element.
P 4

In a fourth aspect, there is provided a method for manufacturing
2 light emitting device comprising at least the step of bonding the
phosphor-containing sheet as defined herein to an emission surface of

an LED element by heating.

EFFECTS OF THE INVENTION

In accordance with the present disclosure, a

phosphor-containing resin laver has excelle
machining such as cutting and holing since the

phosphor-containing resin layer has a high storage modulus at

around room temperature. FTurther, the phosphor-containing

resin layer has an excsllent adhesive property by being bonded

-

to an LED element at elevated temperatures since 1t has a low

storage modulus at elevated temperatures.



BRIEF DESCRIPTION OF THE DRAWINGS

00137
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Fig. 1 shows a first example of a manufacturing process

of an LED light emitting device with a resin laminated sheet
of the present invention.
Fig. Z shows a second example of a manufacturing process

of an LED light emitting devi

@]

& with a resin laminated sheet

of the pressnt invention.

W

Fig. 3 shows a third example of a manufacturing process

7a



of an LED light emitting device with a resin laminated sheet

of the present invention.

EMBODIMENTS O THE INVENTION
(00147

A silicone resin cor an epoxy resin is preferably used for
a phosphor-containing sheet (hereinafter, sometimes referred
te as a "phosphor sheet" simply) of the present invention
principally from the viewpoint of transparency. Furthermore,
a silicone resin is particularly preferably used from the
viewpoint of heat resistance.
[0015]

2s the silicone rezin used in the present invention, a
curapble silicone rubber is preferred. Any ligquid form of a
cnie—component liquid form and two-component ligquid form
(three~component liguid form) may be empléyed. A type of the
curaple silicone rubber includes a type in which a condensation
reactlion occurs by a molsture in the alr or a catalyst, and this
type includes a dealcoholization type, a deoximation type, an
acetic acid elimination type, and a hydroxyamine elimination
type, but an additicn cure type in which a hydrosilylation
reaction occurs by a catalyst is preferred. Particularly, an
addition cure silicone rubber is more preferred in that a
by-product associated with a curing reaction is not produced,

shrinkage by curing is small, and curing can be easily



accelerated by heating.

o

[0010]

The addition cure sirlicone rubber is formed, as an example,
by a hydrosilyliation reaction of a compound containing an
alkenyl group coupled with a silicon atom with a compound
containing a hydrogen atom coupled with a gsilicon atom. In the
present invention, characteristics described later can be
obhtained by using a silicone resin which is a crosslinked
product formed by subjecting 2 crosslinkable silicone
compogsition {hereinafter, the present composition) containing
the following compositions (A} to (D} to a hydrosiiyiation

reaction.

Py

0017]

The crosslinkable silicone composition is preferably
used, which includes at least (A) organopolysiloxane
represented by an average unit formula:

{R'2810;/2) 2 (R*5103,2) 5 (R*01/2) ¢

in which R! is a phenyl group, an alkyl group or a
cycloalkyl group having 1 to 6 carbon atoms, or an alkenyl group
having 2 to 6 carbon atoms, provided that 65 to 75 mol % of R'

.

is phenvi and 10 to 20 mol % of R’

bt

is an alkenyl group, R® is

a hydrogen atom or an alkyl group having 1 to 6 carbon atoms,

3

and a, b and ¢ satisfy the relationship of 0.5 £ a3 £ 0.6, U.4

i

£h £0.5, 0£cg£0.1 and a + b

(B) organopolysiloxane (5 to 15 parts by weight with

o



respect to 100 parts by weight of the component {(A)) represented
by the general formula:

R¥ 510 (R75510) 451R

in which R® is a phenyl group, an alkyl group cr a
cycloalkyl group having 1 to 6 carbon atoms, or an alkenyl group
having 2 to 6 carbon atoms, provided that 40 to 70 mol % of R’
is phenyl and at least one of R’s is an alkenyl group, and m
is an integer of 5 to 50;

{C) organctrisiloxane {such an amcunt that a molar ratio
of a hyvdrogen atom coupled with a silicon atom in thils component
to the total of the alkenyl group in the component (2} and TChe
alkenyl group in the component (B) is 0.5 to 2) represented by
the general formula:

(HR*;S10),51R%;

in which R* is a phenyl group, or an alkyl group or a
cycloalkyl group having 1 to & carbon atoms, provided that 30
to 70 mol % of R' is phenyl; and

(D) a catalyst for a hydrosilylation reaction (such an
amount enough to promote a hydrosilylation reaction of the
alkenyl groups in the component (A} and the component (B) with
the hydrogen atom coupled with a silicon atom in the component
(cy.

[0018]
A silicone resin having the above-menticned composition

ig asilicone resin which is useful in implementing the present

10



invention. In the general formula of the component (A}, a, b

i

nd ¢ are defined so as te fall within a range in which the

[«

.

resulting crosslinked product has sufficient hardness at room
temperature and an enough degree of softening to implement tThe
present invention at elevated temperatures. In fhe general
formula of the component (B), when Lhe content of the phenyl
group is less than a lower limit of the above range, softening
at elevated temperatures of the resulting crosslinked product
is insufficient, and on the other hand, when the content of the
phenyl group exceeds an upper limit of the above range,
transparency of the resulting crosslinked product is lost and
mechanical strength of the crosslinked product is deteriorated.
Further, in the formula, at least one of R’s is an alkenyl group.
The reason for this is that there is a possibllity that 1f this
component does not have an alkenyl group, this component 1s not
taken ina crosslinking reacticon and is bled oul of the resulting
crosslinked product. Further, in the formula, m is an integer
of 5 to 50, and this is a range within which handling workability
is maintained while the mechanical strength of the resulting
crosslinked preoduct 1s maintained.

(0012}

In the present composition, the content of the component

[

s

(B) is in a range of 5 Lo 15 parts by weight with respect to
100 parts by weight of the component (A). This range of the
¥ , 9 £ 3

content of the component (8) is a range for achieving adeguate

11



sofftening of the resulting crosslinked product.
[0020]

In the general formula of the component (C), R®

18 a phenyl
group, or an alkyl group or a cycloalkyl group having 1 to €
carbon atoms. Examples of the alkyl group of R® include a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group and a heptyl group. Examples of the cycloalkyl group of
R* include a cyclopentyl group and a cycloheptyl group. In
addition, the content of the phenyl group of R* is in a range
of 30 to 70 mol%. This range of the content of the phenyl group
is a range for achieving adeguate softening of the resulting
croesslinked product at elevated temperatures and for
maintaining transparency and mechanical strength of the
resultfing Crosslinked product.
[G021]

In the present composition, the content of fhe component
{C} is adjusted to such an amount that amolar ratio of a hyvdrogen
atom coupled with & silicon atom in the component (C) to the
total of an alkenvl group in the component {A) and an alkenyl
group in the component (B) is0.5to 2. This range of the content
of the component {C) is a range for achieving adequate hardness
at room temperature of the resulting crossiinksd product.
[00z22]

The component (D} is a catalyst for a hydrosilylation

reaction for promoting a hydrosilyiation reaction of alkenyl

12



groups in the compenent (A) and the component (B) with a hydrogen
atom coupledwith a silicon atom in the component {(C). Examples
of the composicion (D) include & platinum-based catalyst, a
rhodiuvm-based catalyst, and a palladium~based catalyst, and a
platinum-based catalyst is preferred since it cansignificantly
promote curing of the present compositicon. Examples of the
platinum-pased catalyst include a platinum fine powder,

chloroplatinicacid, analcohol solution of chloreplatinic acid,

oy

platinum-alkenylsiloxane complex, a platinum-olefin complex,
and a platinum-carbonyl complex, and a
platinum-alkenylsiloxane complex ls particulariy preferred.

Examples of such alkenylsiloxnane include

,3-divinyl-1,1,3, 3~-tetramethyldisiloxane,

fourd

1,3,5,7~tetramethyl~1,3,5, T-tetravinylcyclotetrasiloxan
alkenylsiloxanes formed by substituting an ethyl group, a
phenyl group or the like for a part of methyl groups of these
alkenylsiloxanes, and alkenvlsiloxanes formed by substituting
an allyl group, a hexenyl group or the like for a vinyl group
of these alkenvylsiloxanes. Particularly,

is preferred since

@

1,3-diwvinyli-1,1,3,3~-tetramethyldisiloxan

p

the stability of the complex of

;D‘

alkenylsiloxane with
platinum is good. Further, it 1s preferred to add
alkenylsiloxane such as
1,3~divinyi~1,1,3,3-tetramethyldisiloxane,

1,3-diallyl-1,1,3,3~tetramethyldisiloxane,

[
Ll



1,3-divinyl-1, 3~dimethyl~1, 3-diphenyidisiloxane,

4
RS

ya-divinyl-1,1,3, 3~tetraphenyldisiloxane and
1,3,5, 7-tetramethyi-1,3,5%, 7-tetravinyvlicyclotetrasiloxrane;
or an organcsllioxane oligomer such as a dimethylsiloxane
cligomer to the complex since the stability of the complex of
this alkenylsiloxane with platinum can be improved, and 1t 1s
particularly preferred to add alkenylsiloxane.

[0023]

In the present composition, the content of the component
(D} is not particularly limited as long as the amount of the
component (D) is enocugh to promote a hydrosilylation reaction
of the alkenyl groubs in the component {(A) and the component
{B) with the hydrogen atom coupled with a silicon atom in the
component {C}, pbut it is preferably such a content that a metal
atom in the component (D} is 0.01 to 500 ppm in the present
composition in terms of amass unit, furthermore preferably 0.01
to 100 ppm, and particularly preferably 0.01 to 50 ppm. This
is a range in which the resulting composition is adeguately
crosslinked and a problem of ccloring does not arise.

[0Gz24]

The present composition includes at least the
above-mentioned component (A) tTo component (D), and mavy
additionally contain, as an optional component, a reaction
inhibitor such as alkyne alcohol, for example, sthynylhexanol,

Z2-methyl-3-butyne-2-0l, 3,5-dimethyl-l-hexyne-3-ol, and

14



Z-phenyl-3-butyne-2-0l; an enyne compound, for example,
J-metnyl-3-penten-i-yne and 3, 5-dimethyl-3-hexen-i-yne; and

1
£

L

;I I-tetramethyl-1, 3,5, /-fetravinylcoyclotetrasiloxane,

. f -

(W8]

[

, 3,5, 7T-tetramethyl~1, 3,5, 7T-Letrahexenyvlicyclotetrasiloxane,
and benzotriazcole. The content of the reaction inhibitor is
not particularly limited, and it is preferably in & range of
L to 5000 ppm with respect to the weight of the presant
compositlion. The storage modulus of the resﬁlting silicone
resin can also be adjusted by adijusting the content of the
reaction inhibitor.
[(0025]

It isalscpossible to add a dispersant or a leveling agent
for stabilizing 2 coating film as an additive, or an adhesion

[S R

o,

such as a silane coupling agent as a modifier of a sheet
surface to the phosphor-containing sheet of the present
inventlon. Further, alumina particles, silica particles or
silicone particles can be added as an anti-settling agent for
2 phesphor.

[0026]

It 15 e

n

sential in the present invention that a storage
modulus of the phosphor sheet formed by dispersing a phosphor
in such a resin is 0.1 MPa or more at 25°C and is less than 0.1
MPa 2t 100°C. The storage modulus is more preferably 0.3 MPa
ormore, more preferably 0.5 MPa or more, furthermere preferably

0.7 MPa or more, and particularly preferably 1.0 MPa or more



at 25°C. Also, the storage modulus is more preferably less than
0.07 MPa, more preferably less than 0.05 MPa, furthermore
preferably less than .03 MPa, and particulariy preferabliy 0.01
MPa at 100°C.

[0027]

The storage modulus referred to herein 1s a storage
modulus in the case of measuring dynamic viscoelasticity. ‘The
dynamic viscoelasticity is a technigue in which when shear
strain is added to a material at a certain sine frequency, shear
stress arising in reaching a steady state 1s broken down into
twe components, a component in phase with the shear strain
(elastic component) and a component 307 out of phase with Lhe
shear strain (viscous component), and a dvnamic characteristic
of the material is analyzed. Herxrein, since the component in
phase with the shear strain divided by the shear strain is a
storage modulus G' and represents deformation or conformity of
a material fo dynamic strain at each femperature, this is
closely related to machinability and an adhesive property of
a material.

(00281

The phosphor sheet of the pfesent invention has
machinability with a high dimenslonal precision because of
having a storage modulus of 0.1 MPa or more at 25°C to thereby
allow the sheet to be holed or cut without deformation of a

perighery of a machined portion in being subjecied to machining

i—
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cemparature {25°%C), in which a fast shear stress is applied.
An upper limit of the storage modulus at room temperature is
not particulariy limited for the object of the present invention,
but it is desirably to be 1 GPa or less in consideration of
necessity of reducing stress—strain after bonding the phosphor
sheat to an LEDR element. Further, since the storage modulus
is less than G.1 MPa at 100°C, the phosphor sheet is guickly
deformed to conform to 2 surface shape of an LED chip when the
phosphor shest is heated and bonded to the LED chip at a

temperature of 60°C to 250°C and thersby a high adhesive power
can be attained. When the phosphor sheet has a storage modulus

of less than 0.1 MPa at 100°C, the storage modulus is decreased

as & temperaturs ls increa

5]

U

sed from room temperature and a
bonding property of the phosphor sheet is made bhetter with
increase in temperature even below 100°C, and a temperature 1is
preferably 60°C or more in order to attain a practical adhesive
property. When suéh a phosphor sheef is heated higher than
100°C, the storage modulus is further decreased, and therefore
the bonding property is made better, but at temperatures
exceeding 250°C, 2 problem of thermal expansion/thermal
contraction or tnermal decomposition of z resin generally ftends

to cccur. Accordingly, a preferred temperature of thermally

Foedd

bonding is 60°C to 250°C. A lower limit of the storage modulus

foud

at 100°C is not particularly limited for the object of the

17



present invention, but it is desirably to be 0.001 MPa or more
since too high fiowability at the time of thermally konding the
phosphor sheet to an LED element makes 1t impossible tomaintain
a configuration machined by cutting or holing before bonding
the sheet.

[0029]

A resin contained in the phosphor sheet may be uncured
or semicured as long as the above-mentioned elastic modulus is
attained as the elastic modulus of the phospher sheet, 1in
consideration of the ability of the sheet tc¢ be handled or to
be stored as described below, the contained in the phosphor
sheet 13 a cured resin. When Lhe resin is in an uncured state
or a semicured state, there is a possibility that a curing
reaction may proceed at room temperature during storage of the
phosphor sheet and the storage modulus may deviate froma proper
range. Inorder toprevent deteriorationof the storagemodulus,
it is preferred that the resin has been cured or curing of the
resin proceeds To such an extent that the storage modulus does
not change during a long-term, about one month, upon storage

at room temperature.

The phosphor absorbs blue light, violet light, or
ultraviolet light emitted from the LED chip, converts their
wavelength, and emits light different in wavelength from the

light of the LED chip having wavelengths in regions of red,

18
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orange, vyellow, green and blue. Thereby, a part of light
emitted from the LED chip is mixed with a part of light emitted
from the phosphor to obtain an LED of multiple color including
a white color.

[0C31}

The phosphor described above includes various phosphors
such as a phosphor emitting green light, a phosphor amitting
blue light, 2z phosphor enitting yvellow light, a phosphor
emitting red light and the like. Specific examples of the
prhosphor used in the present invention include known phosphors
such as organic phosphors, inorganic phosphors, fluorescent
pigments and fluorescent dyes. Examples cf the crganic
phosphors include allvlsulfoamide-melamineformaldehyde
co-condensation dyes and perylene phosphors, and perylene
phosphors are preferably used since they can be used for the
iong term. The fluorescent substance particularly preferably.
used In the present invention includes inorganic phosphors.
Hereinafter, the Iincrganic phosphor used in the present
invention will be described,

(00321

Examples of the phesphor emitting green light include
SrAl;04:Eu, Yo510s5:Ce, Th, MgAli0:9:Ce,Th, SriAl;,0:5:Eu, and (at
least one of Mg, Ca, Sr and Ba}Ga;3;:Eu.

[0033]

Examples of the phosphor emitting blue light include



Srg(POL)YLCLIEu, (SrCaBaj(PO41-ClEu, {BaCa)s (PO sC1:EBu, {at

least one of Mg, Ca, Sr and Ba);Bs0sC1l:Eu,Mn, and {at least on

of Mg, Ca, Sr and Ba) (PO;)«Ll,:Eu, Mn.

Examples of the phosphor emitting green-yellow light
include an yitriuvm-aluminum oxide phosphor activated with at
least cerium, an ytfirium-gadolinium-aluminum oxide phosphor
activated with at least cerium, an yvttirium-aluminum-garnet
oxide phosphor activated with at least cerium, and an
yvitrium—gallium~aluminum oxide phosphor activated with at
least cerium (so-called YAG-based phosphor}. Specifically,
IrsMsCyo:R (Ln is at least one selected from among Y, Gd and La,
M inciudes at least either Al or Ca, and R 18 a lanthanold-based
phosphor} and (Y1 xGay):(Ali.Ga,)s052:R (R 1s at leaét one
gselected from Ce, Th, Pr, Sm, BEu, Dy and Ho, and O < Rx < 0.5,
0 <y < 0.5 can be used.

[0035]

Examples of the phosphor emitting red light include
Y,0,5:Fu, Laz0.,5:Fu, Y.0::Eu, and Gd:0:5:Eu.

[0036]

Further, Examples of a2 phosphor emitting Light compatible
with a blue LED which is currently mainstream include YAG-based
phosphers such as Ys(AL,Ga)s013:Ce, (¥,Cd)A1:0,;:Ce,
Tu3AlsCiz:Ce and YiRl1s0.,:Ce; TAG-based phosphors such as

ThaAls0z:Ce; silicate-based phosphors such as (Ba, Sr)381i0,:Eu

20



phosphor, Ca:5c:;51:01;:Ce phosphor and (Sr, Ba, Mg) 510 Eu
phosphor; nitride~based phosphors such as {(Ca,3r);51:Na:Eu,
{Ca,SriAlSiNsrBEu and CaSiAlNs:Bu; coxynitride-based phosphors
such as Cax(Si,Al) {0, N)s:Eu; and (Ba,Sr,Ca)SiOxN::Eu
phosphor, CagMg5i.0:14CLl.:Eu phospheor, Sral;0,:Eu, and
SriAY4055:Fu.

[CG37]

Among these phosphors, YAG-based phosphors, TAG-based
phosphors and silicate-based phosphors are preferabply used from
the wviewpolint of luminance efficiency and luminance.

[0038]

Known phesphors other than the above phosphors can be used

depending on uses or a desired emission color.
[0039]
A particle size of the ghosphor is not particularly

limited, bur a particle size in which D50 is 0.05 pum or more

is preferred, and a particle size in which D50 is 3 um or more
is mere preferred. Further, a particle size In which D50 is
30 Um or less is preferred, and a particle size in which D50
ig 20 gm or less 1s more preferred. Herein, D50 refers to a
particle diameter at which the cumulative percent passing from

the small particle~size side in a volume based particle sirze
distribution obtained by measuring with z laser
diffraction/scatteringparticle size distribution measurement

method reaches 50%. When D50 is within the above-mentioned

(3]
bt



range, dispersibility of the phosphor in the phosphor sheet 1s
good, and stable emission is achieved.
[0040]

In the present invention, the content of the phosphor is
preferably 53% by weight or more, more preferably 57% by weight
or more, and moreover preferably 60% by welght or more of the
whole phosphor sheet. By adjusting the content of the phosphor
in the phosphor shest to the above range, light-resistance of
the phosphor sheet can be enhanced. Inaddition, anupper limit

of the phosphor content is not particularly limited, but the

n

content is preferably 95% by weight or less, more preferably
90% by weight or less, furthermore preferably 85% by weight or
less, and particularly preferably 80% by weight or less of the
whole welght of the phosphor sheet from the viewpolnt of
easiness of preparing a sheet excellent in workability.
(0041}

The phosphor sheet of the present invention is
particularly preferably used for uses of a surface cover of an
LED as described later. In this case, since the content of the
phosphor in the phosphor sheet is in the above-mentioned range,
an LED light emitting device exhlibiting excellent performance
can pbe obtained.

(00427
The thickness of the phosphor sheet of Lhe present

invention is determined by the phosphor content and desired
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optical characteristics. Since the phosphor content has a
limit from the viewpoint of workabhility as described above, the
thickrness is preferably 10 pm or more. Further, the phosphor
sheet of the present invention is excellent in light-resistance
even 1in a ifarge thickness since the phosphor content is high.
On the other hand, the thickness of the phosphor sheet is
preferably 1000 um or less, more preferably Z00 um or less, and
moreover preferably 100 pm or less from the viewpoinD of
improving optical characteristics/heat resistance of the
phosphor sheet. When the thickness of the phosphor sheet is
1000 umor less, light absorption or light scattering by a binder
resin can be reduced, and therefore an cptically excellent

phosphor sheet is attained.

The thickness of the phosphor sheet of the present
invention refers to a thickness [(average thickness) measured
according to JIS K 7130 {(1299) "Plastics - Film and sheeting
~ Determination of thickness by mechanical scanning (A} ".
[0044]

ers Lo resistance Lo heat

=y

The heat resistance re
generated in the LED chip. The heat resistance canbe evaluated
by comparing the luminance at the time when the LED emits light
at room temperature with the luminance at the time when the LED

emits light at elevated temperatures, and measuring a degree

¢

of reductilon in luminance at elevated temperatures.



100457

The environment of the LED is an environment in which a
large amount of heat is generated in 'a small space, and
particularly in the case of a high power LED, heat generation
is remarkable. A femperature of the phosphor is raised by such
heat generation and hence the luminance of the LED i reduced.
Therefore, it 1s important how to release the generated heat
with efficiency. In the present invention, a sheet having
excellent heat resistance can be attained by setiing the
fhickness of a sheet to the above-mentioned range. Further,
when the sheet thickness varies, there are differences in the
amount of tﬁe phesphor among the LED chips, and conseguently
variations in emission spectrum (color temperature, luminance,
chromaticity) are caused. Accordingly, a sheet thickness
variation is preferably within a range of plus or minus 5%, and
more preferably withina range of plus orminus 3%. Inaddition,
the sheet thickness variation referred to herein is determined
by measuring a thickness according to JIS K 7130 (1999)
"Plastics — Film and sheeting - Determination of thickness by
mechanical scanning (A)", and calculating from the following
equation.
[(0046]

More specifically, using measurement conditions of
"Determination of thickness by mechanical scanning (B)", a

1

tnickness 1s measured with a commercially available micrometer
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such as a contact tvpe thickness measurement apparatus, a
difference between a maximum value or @ minimum value and an
average thickness of the resulting thickness is calculated, and
a ratio expressed in percentage of the calculated value divided
by the average thickness is a thickness variation B (%).
[Goa7;

Thickness wvariaticn B8 (%) = { {maximum thickness
deviation* -~ average thickness)/average thickness}! x 100
* As g maximum thickness deviation, of the two differences in
the thickness between the mazimum value and the average value,
and between the minimom value and the average value, a larger

difference is selected.

[0048]

h
o)

A method reparing a phosphor sheet of the present

s
s

invention will be described. In addition, the following

description is just an example, and the method for preparing
a pﬁosphoz sheet is not limited o this. First, a solution in
which a phosphor is dispersed in a resin (hereinafter, referred

Lo as a "silicone resin including a2 ghosphor dispersed therein
for preparing a sheet™) 1s prepared as a coating selution for
forming a phosphor sheet. The silicone resin including a

phosphor dispersed therein for preparing a sheet can be prepared
by mixing the phosphor and a resin. In the case of using an

addition cure gilicone resin, since a curing reactlon can be

initiated at room temperature if a compound containing an

Iy
i85}



alkeny! group cecupled with a silicon atom is mixed with a
compound containing a hydrogen atomcoupledwith a silicon atom,
a delaying agent for a hydresilylation reactlion such as an
acetylene compound can also be further compounded with the
silicone resin including a phosphor dispersed therein for
preparing a sheet to extend a pot life. It is also possible
tomix a dispersant or a leveling agent for stabillizing a coating
filmas an additive, or an adhesion aid such as 2 silane coupling
agent as a modifier of a sheet surface in the silicone resin
including a phosphor dispersed therein for preparing a sheet.
Further, it 1s also possible tomix, as an anti-setiling agent,
alumina particles, silica particles or silicone particles in
the silicone resin including a phosphor dispersed therein for
preparing & sheet.

[0049]

If nécessary for making flowability appropriate, a
solvent can also be added to form a scliution. The solvent is
not particularly limited as long as it can adjust the viscosity
of a fluent resin. Examples of the scivent include toluene,
methyl ethyl ketone, methyl l1sobutyl ketone, hexane, acatone,

terpinacl, and the like.

These components are blended so as to have a predetermined
composition, and then the resultant is uniformly

mixed/dispersed with a mizer/kneader such as a homogenizer, a
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rotation-vevolutlon mixer, a three roll mill, a ball mill, a
planetzry ball mill or a beads mill to obtain a silicone resin

3

including a phosphor dispersed therein for preparing a sheet.
After mixing/dispersing, or in the process of mixing/dispersing,
deaeration is also preferably performed in a vacuum or underxr
a reduced pressure.

[0051]

Next, the siliceone resin including a phosphor dispersed
therein for preparing a sheet 1s applied onto a base material,
and dried. The application can be performed by using a reverse
roll coater, a blade coater, a slit die coater, a direct gravure
coater, anoffset gravure cecater, a reverse roll coater, & blade
coater, a kiss coater, anatural roll coater, anair knife coater,
a roll blade coater, a baribar roll blade coater, a twe stream
coater, a rod coater, a wire bar coater, a coating applicator,
a dip coater, a curtalin coater, a spin coater, a knife coater
or the like. In order to achieve uniformity of the thickness
of the phosphor sheet, the silicone resin is preferably applied
with a slit die coater. Further, the phosphor sheet of the
present invention can also be prepared by using a printing
method such as screen printing, gravure printing, planograchic
printing or the like. When the printing method is employed,
screen printing is preferably used.

(00527

A sheet can be dried by using a common heating apparatus

K]
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such as a hot air drier, an infrareddrier or the like. A common
heating apparatus such as a hot alir drier, an infrared drier
or the like is used for thermally curing the sheet. In this
case, thermally curing is usually performed under the

conditions of a temperature 40 to 250°C and a heating time 1
minute to 5 hours, and preferably under the conditions of a

temperature 100°C to 200°C and a heating time 2 minutes to

Lt

hours.
[0053]

The base material is not particularly limited, and known
metal, film, glass, ceramic, paper or the like can be used.
Specific examples of the base material incliude plates or folls
of metal such as aluminum (including aluminum alloy), zinc,
copper and iron; films of plastics such as cellulose acetate,
polyethylene terephthalate (PET), polyethylene, polyester,
polyamide, polyimide, polyphenylene sulfide, polystyrene,
polypropylene, polycarhonate, polyvinyl acetate and aramid;
and paper having the above-mentioned plastics laminated thereon
or paper coated with the above-mentioned plastics, paper having
the above-mentioned metals laminated thereon or deposited
thereon, and plastic films having the above-mentioned metals
laminated thereon or deposited therecn. Further, when the base
material is a metal plate, the plate surface may be subjected
to chrome- or nickel-plating or ceramic treatment. Among them,

flexible film~like materials are preferred as the hase material
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from the viewpolnt of adhesion in bonding a phosphor~containing

reszin sheef to the LED element. Further, & film having high

strength 1s preferably used in order to avoid a possibility of
v I

breaking in handling the film-like basematerial. A resin Lilm
is preferred from the viewpoint of the above-mentioned regquired

characteristics and economicefficiency, and among resin fiims,

[al]
avd

ET f£ilm 1s preferred from the viewpoints of economic
efficiency and handling. When an elevated temperature of 200°C
or more is reguired in curing a resin or in bonding the phosphor
sheet to the LED, a polyimide film is preferred from the
viewpoint of heat resistance. The base material may be
previcusly subjected to release treatment of a surface for ease

-~

of releasing a sheet.

ey

005

=y

]
The thickness of the base material 1s not particularly

limited, but a lower limit iz preferaply 40 um or more, and more

T

referably 60 pm or more. Also, an upper limit is preferably
5000 pm or less, and more preferably 3000 pm or less.
[0055]

The phosphor sheet of the present invention is bonded to
an LED element as a wavelength conversicon layer, and used as
2 light emitting device. In the present invention, when the
phosphor sheét is bonded to an LED element, £he sheet 15 bonded
under heating. A heating temperature is desirably 60°C cr more

and 250°C or less, and more desirably 60°C or more and 150°C or



less. By setting the heating temperature to 60°C or more, resin
design for increasing the difference inelastic modulus between
room temperature and a bonding temperature is easily made.
Further, by setting the heating temperature to 250°C or less,
the accuracy of bonding can be improved since thermal
expansion/thermal contraction cof the base material and-the
phosphor sheet can be reduced. Location accuracy of bonding
is important particularly when the phosphor sheet is previcusly
subjected to holing and aligned with a predetermined portion
on the LED element. It is more favorable to pond the phosphor
sheet at a temperature of 150°C or less in order Lo improve the
accuracy of bonding. Moreover, it 1s preferred that
stress—strain is not produced between the phosphor sheet and
the LED element in order to improve the reliability of the LED
light emitting device in accordance with the present invention.
Therefore, the bonding temperature is maintained at the
vicinity of an operational temperature of the LED light emitting
device, and preferably within a range cf the coperational
temperature plus or minus 20°C. A temperature of the LED light
emitting device is increased to 80 to 130°C in lightingup. Thus,
the bonding temperature is preferably 60°C or more and 150°C
or less in order to bring the operational temperature close To
the bonding temperature.  Accordingly, the characteristic of
the phosphor sheet designed so that a storage modulus 1s

adequately decreased at 100°C is important.



[0056]

In & method of bonding the phosphor sheet, an existing

g

arpitrary apparatus can be used as long as apparatus can
perform heating and pressurizing at desired tenperatures. As
described later, the method of bonding the phosphor sheet
includes a method in which the phosphor sheet 1s cut into
singulated pieces, and then bonded to a separate LEDR, and a
method in which the phosphor sheet is collectively bonded fo

a wafer provided with an undiced LED element, and dicing of Lhe

waler and cutting of the phosphor sheet are collectively

s

performed, and in the case of dividing the phosphor sheet into

singulatedpieces and then bonding the singulated pieces, a fli

chip bonder can be employed. The phosphor sheet 1s  bonded with
& thermccompression onding tool having a heating area of about
100 mwm square In collectively bonding the sheet Lo an LED element

of a wafer level. TIn any of these cases, after the phosphor

sheet is melted and attached to the LED element at elevated

~f

temperatures by heating, the phosphor sheet is left standing
to be cooled to room temperature, and the basematerial is peeled.
By having a relationship between a temperature and an elastic
modulus like the present invention, the phosphor sheet, which
has been left standing and cooled to room temperature after
thermal fusion bonding, is allowed to be peeled off easily from
the base material while firmly keeping the phosphor sheet in

absolute contact with the LED element.

31



)
[}
[
[y
~J

[

A method of cutting the phosphor sheet will be described.

)

B

The method of cutting the phosphor sheet includes a method in
which the phosphor sheet is previocusly cut into singulated

pieces prior to bonding to an LED element, and then bonded to
a separate LED, and a method inwhich the phosphor sheet is bonded
to an LED element of a wafer level, and cut concurrently with
dicing of the wafer. In the case where fhe phosphor sheet is
previously cut pricr fo bonding of the sheet, a phosphor sheet
uniformly formed ismachined into a predetermined shape by laser
heam machinirig or cutting by a blade, and Lhe machined phosphor
sheet ig divided. The laser beammachining is veryhardtoaveid
scorch of a resin or degradation of a phosphor due to high energy
added, and therefore cutting by a blade is desirable. In order
to improve machinability in cutting with a blade, 1t is verny
important that a storage modulus at 25°C of the phosphor sheet
is G.1 MPa or more. A method of cutting with a blade incliudes
a simple method of pushing a blade in an cobject, and a method
of cutting with a rotary blade, and both of them can be suitabliy
used. As an apparatus for cutfing with a rotary blade, an

apparatus‘referred te as a dicer, which is used for cutting
(dicing) a semiconductor substrate into separate chips, can be
suitably utilized. When the dicer is used, a higher machining
accuracy can be achieved than cutting by simple pushing in of

a plade since a width of a dividing line can be precisely
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contrelled by a thickness of the rotary blade or setting of
conditions.
(00587

When the phosphor sheet which 1s laminated on the base
material i1s cut, the phosphor sheet may be singulated together
with the basematerial, or the base material may not be cut while
the phosphor sheet may be singulated. Alternatively, Lhe base
material may be subjected to the so-called half-cut in which
a cut in not penetrating is made. The phosphor sheet thus
singulated is melted and attached to a separate LED chip by
neating. An‘example of the steps of singulation/bonding of an
LED element/dicing in the case where the phosphor sheet is
singulated with the base materlial is shown in Fig. 1. The step
shown in Fig. 1 includes the step of cutting the phosphor sheet
into singulated pieces, and the step of bonding the
phosphor-containing sheet cut into singuiated pleces to an LED
element by heating. Fig. 1(a) is a view showing a state inwhich
the phosphor sheet 1 laminated on abasematerial 2 of the present
invention is fixed to & temporary fixing sheet 3. In the sitep
shown in Fig. 1, since both of the phosphor sheet 1 and the base
material 2 are singulated, the phoesphor sheet 1 is fixed to the
temporary fixing sheet 3 in order to handle easily. Next, as
shown in Fig. 1 (b}, the phosphor sheet 1 and the base material
2 are cut inte singulated pieces. Subsequently, as shown in

Fig. 1{c}, the phosphor sheet 1 and the base material 2,



respectively singulated, are aligned on an LED element 4 mounted
on @ mounting substrate 5 and press-~bonded with a
thermocompression bonding tool, as shown in Fig. 1{d}. In this
time, press-honding is preferably performed in a vacuum or undery
a reduced pressure in order to prevent alr from being involved
between the phesphor sheet 1 and the LED element 4. After
press-bonding, the phosphor sheet 1 is left standing to be
cooled to room temperature, and the base material 2 is peelad
as shown in Fig. lle).

[0059]

Further, when the phosphor sheet is singulated leaving
the base material in a continuous state, singulated phosphor
sheets may be melted and attached collectively to an undiced
LED element of a wafer level as-is. An example of the steps
of singulation/bonding of an LED element/dicing in the case
where the phosphor sheet is singulated leaving the basematerial
in a continuous state 1s shown in Fig. 2.  The step shown in
Fig. 2 also includes the step of cutting the phosphor sheet into
singulated pieces, and the step of bonding the
phosphor-containing sheet cut 1nto singulated pisces to an LED
element by heating. In an example of the step shown in Fig.
2, the base material 2 is not singulated in singulating the
phosphor sheet 1 first in the step shown in Frg. 2{(k). In Fig.
Z{b), the basematerial 2 is not cut at all, but the basematerial

2 may be partially cut as long as 1t 1s continued. MNext, as
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shown in Fig. Z{c), the singulated phosphor sheet 1 1s opposed
to awafer 7 provided with an undiced LED element on ©he surface
therecf, and aligned with the wafer 7. In the step shown in
Fig. Z2{d), the phosphor sheet 1 is press-ponded to the wafer
7 provided with an undiced LED element on the surface thereof
by using a thermocompression bonding tool. In this time,
press-bonding is preferably performed 1n a vacuum or under a
reduced pressure in crder to prevent air from being involved
between the phosphor sheett 1 and the LED element 4. After
press—ponding, the phosphor sheet 1 i1s left standing to be
cecoled to room temperature, and the base material 2 is peeled
as shown in Fig. 2{e), and then the wafer is diced to be
singulated to obtain an LED element with the singulated phosphor
sheet, as shown in Fig. 2/(1).

[60a0]

When the singulated phosphor sheet 1s melted and
attached collectively Lo anundiced LED element of a wafer level
by heating, the phosphor sheet may be cut together with dicing
of the LED element wafer after bonding. Since dicing of the
wafer 1s carriedout by the above-mentioned dicer and conditions
such ag number of rotations or cutting speed at the time of
cutting is set to optimum conditicons of cutting a semiconductor
wafer, 1t 1s difficult teo set the conditicns at the time of
cutting to optimum conditions to cut the phosphor sheet, bhut

the pnosphor sheet can be suitably cut by using the phosphor



sheet having a high elastic modulus at 25°C as specified by the
present invention. An example of the step in the case where
the phosphor sheet and the wafer are collectively diced after
Londing the phosphor sheet to the wafer 1s shown in Fig. 3. The
step shown in Fig. 3 includes the step of bonding the phosphor
sheet To a plurality of LED elements collectively by heating,
and the step of collectively dicing the phosphor sheet and the
LED element. In the step of Fig. 3, the phosphor sheet 1 of
the present invention is not previously cut, and aligned with
a wafer 7 provided with an undiced LED element on the surface
thereof with the side of the phospﬁor sheet 1 opposed to the
wafer 7 as shown in Fig. 3(a). Then, as shown in Fig. 3 (b,
the phosphor sheet 1 is press-bonded to the wafer 7 provided
with an undiced LED element on the surface thereof by using a
thermocompression bonding tocl. In this Time, press-bonding
is preferably performed in a vacuum or under a reduced pressure
inorder to prevent air fromopeing involved pbetween the phosphor
sheet 1 and the LED element 4. After press-bonding, the
phosphor sheet 1 is left standing to be cooled to room
temperature, and Lhe base material 2 is peeled as shown in Fig.
3{c), and then the wafer is diced and at the same time the
phosphor sheet T is cut to be singulated Lo obtain an LED element
with the singulated phosphor sheet, as shown in Fig. 3(d).
[oosl]

In any of cases where cone of the steps in Figs. 1 to 3



described above 1s emploved, when the phosphor sheet of the

present invention 1s bonded to an LED element having an

electrode thereon, 1T is desirable to previocusly perform holing

(form a through-hole) at an ares

o]

of the phosphor sheest above

h

the electrode in order Lo eliminate the area of the phosphor
sheet before bonding the phosphor sheet. Known methods such
as laser Ppeam machining, die punching and the like can be
suitably used for holing, but punching by adie ismore desirable
gsince the laser beam machining causes scorch of a resin ox
degradation of a phosphor. When punching is performed, it is
essential to perform punching prior to bonding of the phosphor
sheet since punching cannot be performed after bonding the
phosphor sheet to the LED element. n punching by a die, a haole
of anarbitrary shape and an arbitrary size can be made depending
on a configuration of an electrode of the LED element Lo which
the phosphor sheet 1s bonded. The size and the shape of a hole
can bhe arbitrary 1f a die is designed, but since a size of an
electrode connecting portion on the LED element of arcund 1 mm
sguare 1s preferably 500 um or less in order to avold a reduction
in an area of an emission surface, and the hole is formed in
a diameter of 500 pm or less in conformity to the size of the
electrode connecting portion. Further, since Che electrode to
pe subjected to wire bonding reguires a certalin size and this
size is at least about 50 pm, 2 size of the hole is about 50

pm in conformity to the size. When tLhe size of the hole i3 too
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ger than that of the electrode, the emission surface is
exposed to cause light leakage, and therefore color
characteristics of an LED light emitting device are
detericrated. Further, whenthe size of the hole is too smaller
than that of the electrode, a wire is brought into contact with
the hole during wire bonding to cause defective connection.
Accordingly, it is necessary tomachine a hole which is as small
as 50 ywm or more and 500 um or less with high precision within
plus or minus 10% in holing, and therefore it is very important
for improving the precision of punching that a storage modulus
of the phosphor sheset at 25°C is 0.1 MPa or more.

[0062]

When the phosphor sheet having undergene cutting and
holing is aligned with a predetermined portion of the LED
element and 1s bonded to the LED element, a bonder having an
optical alignment mechanism is recquired. In this fime, 1t is
difficult due to the nature of the operation to align the
phosphor sheet with the LED element in a state of being
closely-gituated, and it is practically often to align the
phosphor sheet with the LED element with the phosphor sheet
slightly contacting the LED element. In this time, if the
phosphor sheet has tackiness, it 1s very difficult to move the
phosphor sheet inastate of being incontact with the LED elemant.
In accordance with the phosphor sheet of the present invention,

it i3 easy to align the phosphor sheet with the LED element with
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the phosphor sheet slightly contacting the LED element since
the phosphor sheet does not have tackiness when allgnment is
paerformed at room tenperature.

[0063]

In lighting egquipment using the LED element including the
phosphor sheet obtained according to the present invention
bonded thereto, color variation and luminance variation are
vexysmallsincéthepﬁosphorSheetexactlyﬁﬁchin@jisprovided
on the LED element and therefore a constant phosphor exists on
the LED element in ccmparison with the conventicnal methods
based on dispensing of & liguid phosphor-containing resin or
a known phosphor sheet. In the method based on dispensing of
a liguid phosphor-containing resin, since a shape of the

1

phosphor sheet depends on a surface tension of the ligqulid resin
supplied, it isdifficult to formauniformthickness. Further,
in accerdance with the phosphor sheet based on design of an

elastic modulus range according to the present invention, it

becomes

e

ossible to reduce the thickness of the phosphor sheet
since the phosphor sheet can be machined with high precision
compared with ponventional phosphor sheets even when the
phosphor is loaded at high concentrations. Specifically,
according te the present invention, a light emitting device
obtained by disposing, on the LED element, a
phosphor-containing laver having a thickness of 10 to 1000 um,

in which a difference between the thickness at a center and the
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thickness at a middlie point of a line segment drawn from the
center te an arbitrary point at an end of the emission surface

.

> thickness at the center plus

Fh

is preferably within a rang T

6

<

i
]

or minus 5% and mere preferably within a range of the thickness
plus or minus 3%,-15 manufactured. Herein, the center on the
LED element refers to a point cf intersection of ftwo diagoenal
lines since an LED element emission surface is rectangular, and
a2 middle point of a line segment drawn from the center to an
end of the emission surface is taken as & middle point between
the center and the end. In the present invention, the
difference in thickness between the arbitrary middle point and
the center can fall within a range of plus or minus 5%. More
preferably, the difference in thickness can fall within a range
of plus or minus 3%.

EXAMPLES

Hereinafter, the present invention will be described in
more detail by way of examples. However, the present invention
is not limited fTo these examples.

[0065]

<5ilicone Resin>

Components for compounding a silicone resin

Resin main componant
(MeViSi0z,2) 6,25 (PhoS1i00,20 0.3 (PhS105,2) 0,45 (HO12)0.03 {average

compositicn, correspending the composition (A))

.
[



Cure modifier ViMe,510 (MePh31i0} 7. :51Me;Vi (average
composition, corresponding the compositicn {B))

Crossiinking agent (HMe,510):51Ph, (corresponding the
composlition (L))

* Me: methyl group, Vi: vinyl group, ph: phenyl group

Reaction inhibitor l-ethynylhexanol

Platinum catalyst:
1,3-divinyl-1,1,3,3-tetramethyldisiloxane solution of
platinum-1, 3~-divinyl-1,1,3,3~tetramethyldisiloxane complex

platinum content 5% by weight

A silicone resin l and a silicone resin 2 used in examples
were prepared by compounding the above-mentioned cemponents for
compoundinge&siliconeresin,@aastx;co?respondto‘%ﬂmzpreseﬂt
composition” in the present specification, and commerciallzed
products were used for silicone resins 3 and 4 used in examples.
- Silicone resin 1

resin main compenent 75 parts by weight, cure modifier
10 parts by weight, crosslinking agent 25 parts by weight,
reaction inhibitor 0.025 parts by weight, platinum catalyst
0.01 parts by weight
- Silicone resin 2

resin main component 75 parts by welght, cure modifier
10 parts by weight, crosslinking agent 25 parts by weight,
reactilon inhibitor 0.05 parts by weight, platinumcatalyst G.01

parts by welght
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- Silicone resin 3

K-32-2528 (manufactured by Shin-Etsu Chemical Co.,

e
oe
o

- Silicone resin 4

KER 6075 {(manufactured by Shin-Etsu Chemical Co., Ltd.)
(0066}

<Dynamic elastic modulus measurement>

Measuremeni apparatus: Viscoelasticliy measurement
apparatus ARES-GZ (manufactured by TA Instruments Japan Inc.)

Geometry: parallel circular disc (15 mm)

Distortion: 1%

Angular freqguency: 1 Hz

Temperature range: 25°C to 140°C

Temperature-rising rate: 5°C/min

Meagurement atmosphere: in the alr
(0067}

<Preparation of measurement sample for measuring dynamic
viscoelasticity>

A resin liguld for a phosphor sheet obtained by mixing
30 parts by weight of each of the silicone resins 1 to 4 and
70 parts by weight of a phosphor "NYAG-02" (manufactured by
Intematix Corporation: YAG-based phosphor doped with Ce,
sp@cificqravity:4.8g/cm3,DBO:?;mw was applied to "Cerapeel”
RLK {(manufactured by Toray Bdvanced rilm Co., Ltd.} as a base
material witha slit die coater to forma filmhaving a thickness

of 100 wm. This operation was carried ocut for esach of the
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silicone resins 1 to 4. The silicone resins 1, 2 and 4 were
heated a2t a film forming temperature of 120°C for 1 hour, and
the silicone resin 3 was heated at 1Z0°C for 10 minutes since
the silicone resin 3 was a silicone adhesive fo be used in a
semicured state.

[0068)

Eight sheets of the resulting films having a thickness
of 100 wm were laminated, and thermocompression bonded to one
ancther on a hot plate heated to 100°C to prepare an integrated
film {sheet) of 800 pm in thickness, and the sheet was cul cut
into measurement samples of 1% mm 1n diameter.

Storage moduli of the samples {(containing 70% by weight
of the phosphor) at room temperature (25°C), 100°C and 140°C were
shown in Table 1.

[00G70]

<Adhesive Property Test>

When a phosphor sheet laminated on & base material was
bonded to an LED slement at 100°C, press-bonded for a
predetermined time and then cooled to room temperature, and the
base material was peeled, the least press-bonding time in which
the phosphor sheet entirely adhered to the LED element and was
not left on the base materizal was taken as the least time to
enable bonding. The phosphor sheet which entirely adhered to

the LFED element and was not left on the base material in a tine

i
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of press-bonding by heating of 1 minute or less was rated as

good adhesive property, and the phosphor sheet which did not

2

adhere to the LED element, or partially adhered to the LED
element but was partially 1eft on the base material even though
press-ponding by heating for 1 minute or more was conducted was

rated as defectlive adhesive property.

(Example 1}

Using a 300 ml polyethylene container, 20% by waight of
the silicone resin 1 and 70% by welight of a phosphor "NYAG-02"
(manufactured by Intematix Corporation: YAG-based phoesphor
doped with Ce, Specific gravity: 4.8 g/cm®, D50: 7 um) were
mixed.

(00727

Thereafter, the resulting mixture was stirred and
deaerated at 1000 rpm for 20 minutes by using a planetary
mixer/deaerator "MAZERUSTAR KX-400" {(manufactured by KURARO
INDUSTRIES LTD.) toobtalna silicone resin including a phosphor
dispersed therein for preparing a sheet. The silicone resin
including a phosphor dispersed for preparing a sheet was applied
onto "Cerapesel” BLK (manufactured by Toray Advanced Film Co.,
Ltd.) as a base material by use of a siit die coater, heated
at 120°C for 1 hour, and dried to cbtain a phosphor sheet having
a thickness of 90 um and a size of 100 mm square. Thereafter,

a hole of 200 pm in diameter was punched in the phosphor sheet



by using a die punching apparatus {(manufactured ny UHT
CORPORATION) . Diameters of 10 punched holes were investligated
with a microscope equipped with & length measurement device to
determine an average of the diameters, and conseguently holes
almost according to a design value were cobtained as shown in
Table Z. Then, the phosphor sheet was singulated intc 10000
pieces having a size of 1 mm square by using a cutting apparatus
(GCUT manufactured by UHT CORPORATION} . Both of the phosphor
sheet and the base material were cut and completely singulated.
A cutting plane did not leave burrs and cracks and had a good
shape, and re~-pbonding of a cut portion did not take place. OUne
hundred pleces were randomly selected from 10000 pieces
singulated, and the number of pieces inwhichastatecf acutting
portion was good was counted to evaluate cutting
characteristics.

[6073]

The phosphor sheet cut into a size of 1 mm square was
located in such a way Lhat a phosphor sheet surface was in contact
with a chip surface of a blue LED chip mounted oﬁ a substrate.
I hole of the phosphor sheet was aligned on a surface electrode
of the LED chip by using a die bonder (manufactured by Toray
Frngineering Co., Ltd.), and the phosphor sheet was pressed {rom
a base matrerial side by a heating head heated to 100°C, and
consequently the least time to enable bonding was 10 seconds.

A sample press-bonded for 10 seconds was cococled toe room



rtemperature,

conseguently

.
L

and then the base materiai was peelead,
e pt

and
hosphor sheet completely adhered to the blue
LED, and the base material could be cleanly peeled off without

leaving the phosphor shest on the base material, and therefore

an adhesive property was good. The surface electrode of the
LED chip was subiject to wire bonding,

and ccnsequently tThe
electrode could be connected through the hole previously

machined in the phosphor sheet without any difficulty.

The same

10 LEDs provided with a phosphor sheet and sealed with a
transparent resin were prepared, and each LED was connected to

£ oin
L4y

a DC power scurce to lignt up, and consequently it wae verified
that all of 10 LEDs 1it up.

of ail o

meter

Correlated color temperatures (CC
samples were measured with a chromo illuminance
{Konica Minolta CI

2T
LZC0A),

color temperature variation and evaluated.
(00741

and a difference between the
maxilmum value and the minimum value of the CCT was haken

as d

An LED element with a phosphor sheet prepared ina similar
respect to 10 samples,

way was cult, and SEM of a cross section was measured,

and with

a difference between the thickness at
a center of an LED element smission surface and the thickness
at a middlie point of a line segment between the above center

and an end of the emission surface was measured to determine
of

a difference in thickness between these two points.

A ratio

46

the difference in thickness to the thickness at a center 1s



taken as a difference (%) in thickness of the sample, and an
average of the differences in thickness ¢f the 10 samples was
calculated. The calculated average was shown as a variation
in Table 2. In addition, & negative average shows that the
thickness at the above middie point is larger than the thickness
at the center.

[Q075]

(

)

wample 2)

A phosphor sheet was obtained in the sams manner as in
Example 1 by using the silicone resin 2 in place of the silicons
resinl. Ahcoleof 200 umin diameter was punched in the phosphor
sheet in the same manner as in Example 1, and the phosphor sheet
was singulated into a size cof 1 mm sguare. Holing
characteristics and cutting characterlisilcs were good as with
mxample L. A phosphor sheet cut into a size of 1 mm sguare in
the same manner as in Example 1 was bonded to an LED element,

and consequently the least fime to enable bonding was 5 seconds.

I'}‘]

urther, a LED lighting test and a thickness of the phosphor
sheet were evaluated in the same manner as in Example 1, and
the results were shown in Table 2.

[0G76]

(Example 3)

A phosphor sheet was c¢btained in the same manner as in

Example L by using the silicone vresin 2 in place of the silicone

resinl. Aholeof 200 pum in diameter was punched in the phosphor
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sheeat in the same manner as in Example 1, and consequently holing

characteristics were good. Then, the phosphcor shest was

singulated into a size of lmmsquare by using a cutting apparatus
(GCUT manufactured by UHT CORPORATION) . In this fime, the base
material was half-cut fo remain in a continuous state while
completely singulating the phosphor sheet. A cutting plane of
the phosphor sheet did not leave burrs and cracks and had a good
shape, and re-bonding of a cut portion did not take place.
[o077]

% phosphor sheset of 100 mr sguare in which the phosphor
sheet was singulated into a size of 1 mm square and the base
material was monclithic was located in such a way that a phosphor
sheet surface was in contact with the surface of a d4—-inch wafer
not diced inte singulated pileces and including a blue LED
element formed on the surface therecf. The singulated phosphor
sheet was conformed to each LED element, and a machined hole
of the phosphor sheet was aligned on a surface electrode of the
LED chip, and the phosphor sheet was press-bonded from a base
material side by a heating head heated to 100°C, and consequently
the least time to enable bonding was 15 seconds. A sample
press-bonded for 15 seconds was cooled Co room temperature, and
then the base material was peeled, and consequently the phosphor
sheet completely adhered to the blue LED, and the base material
could be cleanly peeled off without leaving the phosphor sheet

on the bkase material, and therefcore an adhesive property wWas
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Then, the walfer of the blus LED element was diced with

a dicing apparatus (manufactured by DISCO Corporation) to be
singulated, and the surface electrode of the singulated LED chip
was subject to wire bonding, and consequently the electrode
could be connected through the hole previously machined in the
phosphor sheet without any difficulty. The same 10 LEDs

provided with a phosphor sheet and sealed with a tra

o

sparent
resin were prepared, and each LED was connected to a DC power
source to light up, and consequently it was verified that all
of 10 LEDs 1it€ up. Correlated color temperatures (CCTY of 10
samples were measured with a chromc illuminance meter (Konica
Minclta CLZ200RA), and a difference hetween Lhe maximum value and
the minimum value of the CCT was evaluated. Further, =
thickness of the phosphor sheet was evaluated in the same manner
as 1ln Example 1, and the results were shown in Tahle 2.
FO072]

{Examplie 4)

E phosphor-sheet was obtained in the same manner as in
Example 1 by using the silicone resin 1. A hole of 200 um in
diameter was punched in the phosphor sheet in the same manner
as in Example 1, and consequently holling characteristics were
gocd. A phosphor sheet of 100 mm sguare was located in such

a way that a phosphoer sheet surface was in contact with the

iy
[t



surface of a 4-inch wafer not diced into singulated pieces and
including a blue LED element formed on the surface thereof. A
hole of the phosphor sheet was aligned on a surface electrode
of the LED chip, and the phosphor sheest was press-bonded from
a base material side by a heating head heated to 100°C, and
consequently the least time to enable bonding was 10 seconds.
B sample press-bonded for 10 seconds was cooled to room
temperature, and then the base material was peeled, and
consegquently the phosphor sheet completely adhered to the blue
£D, and the base material could be.cl@anly peeled off without
leaving the phosphor sheet on the base material, and therefors
an adhesive property was good.

(00803

Then, the wafer of the blue LED element was diced Logether

with the phosphor sheet from a wafer backside (side opposite
to a side to which the phosphor sheet was bonded) with a diéinq
apparatus {manufactured by DISCO Corporatrion). A cutting
plane did not leave burrs and cracks and had a good shape, and

re-bonding of a cut portion did ncot take place.

The surface electrode of the LED chip was subjected to
wire bonding, and conseguently the electrode could be connected
through the hole previously machined in the phosphor sheet
without any difficulty. The same 10 LEDs provided with a

phosphor sheet and sealedwith a transparent resinwere preparad,



and each LED was connected fto a DC power source To light up,
and conseqguently it was verified that all of 10 LEDs 1it up.
Correlated color temperatures (CCT) of 10 samples were measured
with a chromo illuminance meter (Konica Minclta CL200A), and
a difference between the maximum value and the minimum value
of the CCT was evaluated. Further, a thickness of the phosphor
sheet was evaluated in the same manner as in Example 1, and the
results were shown in Table Z.

[0082)

{Comparative Example 1)

The silicone resin 2 was used in place of the silicone
resin 1 to prepare a phosphor-containing silicone resin for
preparing a sheet, and the phosphor-containing silicone resin
for preparing a sheet was applied onto "Cerapeel” BLK
{manufactured by Toray Advanced Film Co., Ltd.}) as a base
material, heated at 120°C for 10 minutes, and dried to obtain
a phosphor sheet having a thickness of 50 um and a size of 100
mrEl sgquare. A hole of 200 um in diameter was punched in the
phosphor sheet in the same manner as in Examplie 1, and
consequentliy the silicone resin 2 had a so low elastic modulus
at room temperature as to exhibit an adherence property, and
therefore it adhered to a die, and this made an average value
of hole diameters after machining the phosphor sheet
significantly smaller than a design value. The phosphor sheet

was singulated in the same manner as in BExample 1, but about

(%1
ot



one half of the phosphor sheets was re~bonded and could not be

(0083]

Using only phosphor sheets which could be singulated
without any difficulty, the phosphor sheet was
thermocompression bonded to a blue LED element at 100°C for 10
seconds by using the same die bonder as in Example 1, and the
base material was peeled, and the phosphor sheet was thermally
cured at 150°C for 30 minutes. The blue LED was ¢ooled to room
temperature, and then the base material was peeled, and
consequently the phosphor sheet completely adhered to the blue
LED, and the basé material could be cleanly peeled off without
leaving the phosphor sheet on the base material, and therefore
an adhesive property was good. The surface electrode of the
LED chip was sublject to wire bonding, and consequently a paft
of bonding wire was brought into contact with a hole previcusly
machined in the phosphor sheet since the hole size was small.
Ten LED provided with a phosphor sheet and sealed with a resin
after wire bonding were prepared, and each LED was connected
to a DC power source to light up, but three of the 10 LEDs had
defective connecticn and could not light up. The number of
samples prepared was increased, and 10 LED light emitting
devices with a phosphor sheet, normally lighting up, were
obtained, and correlated color temperatures {CCT) of 10 samples

were measured with a chromo iliuminance meter (Konica Minolta
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CLZ0CAY, and a difference hetween the maximum value and the
minimum value of the COT was evaluated. Further, a thickness

of the phosphor sheet was evaluated in the same manner as

ot
—
—

Ewxample 1, and the results were shown in Taple 2.
[0CB4]

(Comparative Example 2)

A phosphor-sheet was obtained in the same manner as in
Example L by using the silicone resin 4 in place of the silicone
resinl. Aholeof 200 um in diameter was punched in the phosphor
sheet in the same manner as in Example 1, and the phosphor sheet
was singulated into a size of 1 mm square. Holing
characteristics and cutting characteristics were good as with
Example 1. The phosphor sheet cut into a size of 1 mm square
was located in such & way that a phosphor sheet surface was in
contact with a chip surface of a blue LED chip mounted on a
substrate, and a holse ¢f the phosphor sheet was aligned on a
surface slectrode of the LED chip by using a die bondexr
{manufactured by Toray Engineering Co., Ltd.), and the phosphor
sheet was press-bonded for 1 minute from a base [ilm side by
a heating head heated to 100°C. The LED chip provided with the
phosphor sheet was ¢ooled to room temperature, and then the base
filwm was peeled, and consequently the phosphor sheet
incompletely adhered to the blue LED and peeled off {rom the
LED element fogether with the base film, and therefore an

~

evaluation of the LED element was impossible.



A phosphor-sheet was obtained in the same manner as in
Example 1 by using the silicone resin 4 in place of the silicone
resin 1. The silicone resin 3 not containing a phosphor was
applied cnto the phosphor sheet by use of a slit die coater,
heateaed at 120° for 10 minutes, and dried to obtain a laminate
type phosphor sheet in which an adhesive layer having a

thickness of 10 pm was formed on the phosphor sheet having a

1

£5:8

3

knes

9]

of 90 um.
[00B6]

Thereafter, a hole of 200 um in diameter was punched in
the phosphor sheet by using a die punching apparatus
(manufactured by UHT CORPORATION)}. Diameters of 10 punched
hoie were investigated with a microscope equipped with a i@ngth
measurement device to determine an average of the diameters,
and consequently the average was slightly smaller than a design
value as shown in Table 2, and an extrusion of the siliéone resin
3 was partially found. Then, the resin sheet was singulated
inte 10000 pieces having a size of 1 mm square by using a2 cutting
apparatus (GCUT manufactured by UHT CORPORATION) , but about one
third of these pieces was re-bonded and could not be cut off.
[0087]

Using only phosphor sheets which could be singulated

without any difficulty, the phosphor sheet was
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thermocompression bonded to a blue LED element at 100°C for 10
seconds by using ths same die bonder as in Example 1, and the
base filmwas peeled, and Che phosphor sheet was Thermally cured
at 150°C for 30 minutes. The blue LED element provided with
the phosphor sheet was cooled to room Temperature, and then the
base film was peeled, and conseguently the phospher sheet
completely adhered to the blue LED, and the base film could be
cleanly peeled off without leaving the phosphor sheet on the
base £ilm. The surface electrode of the LED chip was subjected
to wire bonding, and conseguently a wire was brought into
contact with a silicone resin 3 since the silicone resin 3
partially extruded to a hole previcusly machined in the phesphor
sheet. Ten blue LED provided with a phosphor sheel and sealed
with a resin after wire bonding were prepared, and each LED was
connected to a DC power source to light up, but two of the 10
LEDs had defective connection and could neot light up. The
number of samples prepared was increased, and 10 LED light
emitting devices with a phosphor sheet, normally lighting up,
ware obtalned, and correlated color temperatures [(CCT) of 10
gsamples were measured with a chromo illuminance meter (Konilca
Minolta CL200A), and a difference between the maximum value and
the minimum value of the CCT was evaluated. Further, a
thickness of the phosphor sheet was evaluated in the same manner
as in Example 1, and the results were shown in Table Z.

(0Ge8]

L2 ]
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(Comparative Example 4)

—

Jging a 300 ml polyethylene contaliner, 9O%Iby welght of
the silicone resin 1 and 10% by welght of a phosphor "NYAG-02Y
(manufactured by Intemaltix Corporation: YAG-based phosphor

doped with Ce, specific gravity: 4.8 g/cm’, D50: 7 um) were
mixed,.

[0og9]

Thereafter, the resulting mixture was stirred and
deaerated at 1000 rpm for 20 minutes by using a planetary
mixer/deaerator "MAZERUSTAR KK~400" {(manufactured by KURABG
INDUSTRIES LTD.) toobtainasilicone resin including a phosphor
dispersed for dispensing.

[0090]

A predetermined amount of the resin including a phosphor
was dispensed on a chip surface of 2 substrate on which a blue
LED chip was mounted and wire bonding was applied by using a
dispenser, and the resin including a phosphor was thermally
cured at 150°C for 1 hour. The 10 LEDs sealed with a
phosphor-containing resin were prepared, and each LED was
connected to a DC power scurce to light up, and consequently
it was verified that all of 10 LEDs 1lit up. Correlated color
temperatures (CCT) of all of 10 samples were measured with a
chromo 1lluminance meter {(Konica Minolta CLZ002), and a
differsnce between the maximum value and the minimum vaiue of

the CCT was taken as a color temperature variation and evaluated.
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The results were shown 1n Table 2. In addition, since the

dispensed phosphor-containing resin was configured into a
dome-shape, a difference hetween the thickness at a center and
the thickness at a middle point between the center and an end
was very large.

[00Gli

[Table 1]

25°C 100°C L40°C
silicone 1 1.0MPa 0.025MPa 0.038MPa
silicone 2 6MPa 0.0035MPa 0.0020MPA
siliceone 3 0.005MPa 0.006MPa 0.007MPa
silicone 4 1. 1MPa 0.35MPa J.29MPa
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Comparative

Comparative

Comparative

Comparative

B le 1| Example 2| Example 3! E le 4
*ame Boxamp ramt HATMEAE Example 1 Example 2 Example 3 Example 4
Type silicone Ijsilicone 2isilicone llsilicone 1} silicone 3 silicone 4 silicone 4 silicone 1
Binder Resin
Parts by Welight 30 30 ED] 30 30 30 30 Ll
First Layer Type NYAG-02 NYAG-02 MYaAG-02 RYRG-02 NYAG-02 NYRG~02 NYAG-02 NYAG-02
FPhosphor
Parts by Weight 70 T 70 Jo 0 70 70 10
Thickness 3 30 g0 30 gn 24 g0 g0 Dome-shaped
Type - - - - - - silicone 3 -
Binder Resin -
Parts by Welighz - - - - - - 100 .
Second Layer Type - - - - - - - -
Phosphor
Parts by Weight - - - - - - - -
Thickness um - - - - - - 14 -
2 I 1
200 um holing RuGrage e 195 188 195 147 160 195 180 -
characteristics Diameter
Cutting Number of Pleces Normally Cut .
Characteristics in 100 Pieces e 100 104 100 46 1co 58
Adhesive Property {Bonding to LED Chip goad good good good good nat adhere good -
Humb f LEDs Lighted in 10
%mber of LEDs Lighted in 10 1o 10 10 4 out of g 10
X X LEDs avaluation
LED Lighting Test ey
Color Temperature Variation . 1t
orer Temperatu 68 55 10 85 101 out of 39 210
(K} evaluation
Difference between Thickness at
Center of LED Element and
Thickness at Middle Point c of
betwesn Center and End of LED {variatien (%) 3.8 ~2.5 4.6 -4.7 -13.2 out @ 8.9 —2E.2

Element (ratio by % relative to
thickness at centern)

1{¢ Sampie Average

evaluation




DESCRIPTION OF REFERENCE S5ICGN

o
G
€2}

[0G93]

1 phosphor sheet

2 base material

3 temporary fixing sheet

4 LED element

5 mounting substrate

5 thermocompression bonding tool

7 wafer provided with LED element on surface thereof



CLATME

1. A phospher-containing sheet having a storage modulus of
0.1 MPa or more at 25°C and a storage modulus of less than 0.1
MPa at 100°C, whereiﬁ a resin main component of the
phosphor-centaining sheet is a crosslinked product formed by
subjecting a crosslinkable silicone composition containing at
least the fellowing compasitions (A) to (D) toa hydrosilylation
reaction;
(A} organcpolysiloxane represented by an average unit formula;
(B135105/5) 5 (R'8105,5) 5 (R701/2) ¢
in which R' is a phenyl group, an alkyl group or a
cycloalkyl group having 1 to 6 carbon atoms, or an alkenyl group
having 2 to 6 carbon atoms, provided that 65 to 75 mol % of R*
is phenyl and 10 to 20 mol % of R' is an alkenyl group, R® is
a hydrogen atom or an alkyl group having 1 to & carbon atoms,

and a, b and ¢ satisfy the relationship of 0.5 £ a3 £ 0.6, 0.4

S bh <05 0€£ o001 and a+ b= 1;

-

{B) organocpoelysileoxane (5 fo 15 parts by weight with
respect to 100 parts by weight of the component (A)) revresented
by the general formula:

R'38510(R%510) 1S51R%

in which R® is a phenyl group, an alkxyl group or a
cycloalkyl group having 1 to 6 carbon atoms, or an alkenyl group

having 2 to & carbon atoms, provided that 40 to 70 mol & of R°



is phenyl and at least one of R’s is an alkenvl group, and m
is an integer of 5 to 5G;

€y organotrisiloxane (such an amount that a melar ratlo
of a hydrogen atom coupled with a silicon atom in thig component
to the total ¢f the alkenyl group in the component (&) and the
component (B) is 0.5 to 2) represented by the general formula:

(HR*;310}:581R%,

in which R* is a phenyl group, or an alkyl group or a
cyveloalkyl group having 1 to © carbon atoms, provided that 30
to 70 mol % of R' is phenvyl; and

(D) & catalyst for a hydrosilylaticn reaction (such an
amount enough to promote a hydrosilylation reaction of the

alkenyi groups in the component (A} and the component (B) with

the hydrogen atom ceupled with a silicon atom in the component

2. The phosphor-containing sheet according to claim 1,

wherein a phosphor content is 53% by welght or more.

3. The phosphor—containing sheet according to ¢laim 1 or 2,

which is used as awavelength conversion layer of an LED element.

=N

The phosphor-containing sheet according to any one of

claims 1 to 3, provided with a through-hole.
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5. & laminate in which the phosphor-containing sheet
according to any one of claims 1 to 4 is laminated on a

semicenductor wafer provided with an LED element thereon.

G. A light emitting device cobtained by using the
phosphor-containing sheet according to any one of claims 1 to
4, wherein a phosphor~containing layer having a thickness of

10 to 1000 um, in which a difference between the thickness at

.

a center and the thickness at a middle point of a line segment
drawn from the center to an arbitrary point at an end of the

emission surface is within a range of the thickness at said

center plus or minus 5%, is disposed on an LED element.

7. A methed for manufacturing a light emitting device
comprising at Least the step of bonding the phosphor-containing
sheet according to any one of claims 1 tod toanemission surface

of an LED element by heating.

8. The methed for manufacturing a light emitting device
according te claim 7, wherein a femperature at which said
phosphor—-containing sheet is bonded Lo sald emission surfacs

of an LED element is 60° or more and 230°C or less.

g. The method for manufacturing a light emitting device

according teclaim 7 or 8, further comprising the step of cutting
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the phosphor-containing sheet according to any one of claims

1 tod into singulated pieces, wherein said

i

tep of bonding said
phosphor-containing sheet to sald emlssion surface of an LED
element by heating is a step of bonding said phosphor-containing

sheet cut into singulated pieces tc an LED element by heating.

10. The method for manufacturing a light emitting device
according te claim 7 or 8, wherein said step of bonding said
ohosphor-containing shest to said emission surface of an LED
element by heating is a step of bonding said phospher-containing
sheet Lo a plurality of LED elements collectlively by heating,
further comprising the step of performing cutting of said
phosphor-containing sheet and dicing of said LED element

collectively.

11. The methaod for manufacturing a light emitiing device
according te any one of claims 7 to 10, wherein the
phosphor-containing sheet according to any one of claims 1 to

4 is subjected to heling hefore being bonded to an LED element.



