
DESCRIPTION TITSE OF THE INVENTION: PHOSPHOR-CONTAINING SHEET, LED LIGHT
EMITTING DEVICE USING THE SAME., AND METHOD FOR. MANUFACTURING LED TECHNICAL
FIELD [000]        The present invention relates to a fluorescent material foxmed into a sheet for
convertind an emission avplength of an LED chip. BACKGROUND ART [OCE21        A light emitting
diode (1,1M) is rapidly expanding ips market for a backlight of a liquid 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 life time and design against the background of significant improvement in
luminance efficiency. 100031        An entission, color of an LED is limited since an emission speurrum
of the LED depends on a semiconductor material for forming an LE:, chip. Therefore, in order to obtain
LCD backlight or. white light. for general lighting by using an LED, it is necessary that a phosphor
suitable for an EEO chip is  arranged on. the EED chi.o t.o convert an emission waveiength.
Specifically method of disposing a yet 1 ow phosphor on an. 1 P: chip that emits blue 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, a green phosphor and a blue phosphor onLED chip that emits ultraviolet
light, and the like are proposed. Among these methods, the method of disposing a yellow phosphor on
an. LED chip that emits blue light, and the method of disposing a red phosphor and a green phosphor
on an LED chip that emits blue light are currently most widely 



employed from the viewpoints of luminance efficiency and cost of an LED chip. [0004]         Patent
Documents I to 3 propose a method of bonding a sheet containing a phosphor (hereinafter, referred to
as a phosphor sheet ) to an LED chip as a sped i f ic method of disposing a phosphor on an bED chip.
This method is superior in that a constant amount of a phosphor can be more easily arranged on an
LED chip than a method of dispensing a liquid resin, in which a phosphor heretofore put to practical
use is dispersed, on an LED chip and ctiring the resin, and color and luminance of t.he resulting white
LED can he uniform. PRIOR ART DOCUMENTS PATENT DOCUMENTS          Patent Document 1:
Japanese Patent Laid-open Pablecation No, 2009-235368         Patent Document 2: Japanese Patent
Laid- open Publication No. 2015-123802:         Patent Document 3: Japanese Patent Publicati on No .
2001-102034 SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[0006-I        The method of bonding a phosphor sheet to an LED chip is a more excellent method for
stalbilizing color and luminance than the method of using a liquid resin containing a phosphor as
described above but it includes a problem of difficulty of machining. There is a fear fhat cutting for
singulating the phosphor sheet into a size of the LED chip may be cumbersome, and it is necessary zo
previously perform holing at an area of the phosphor sheet corresponding to an electrode portion on
the LED chin. Therefore, it is important to develop a phosphor: sheet material having excellent
machinability. [0007J        On the other hand, it is essential to imart tackiness or adhesiveness in order
no bond The phosphor sheer. 7. 0 the LEI) chH p. For example, Patent Document 1 discloses a
method in 0 1 



which. a sheet materiel obtained by dispersihg a phosphor in an uncured silicche resih is no and the
no material. is bonded and thermally cured to attain firm adhesion_ However, in the disclosed method
herein, the phosphor sheet orbor to bondinel is in an uncured state since if a resin main component
conformed in the phosphor sheet is a cured silicone resin, the phosphor sheet hardly attains art
adhesive property, and it is in the form of a semisolid Of flexible solid and therefore the phosphor
sheet is very difficult to perform cutting of holing with high precision. [0008]         Further, Patent.
Document 2 employs a double-layered structure of a layer containing a phosphor and a layer not
containing a phosphor for securing an adhesive property, and specifies high-temperature (150C)
elastic modulus in both cases before curing and after curing. By having the double-layered structure,
the layers are functionally separated into 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 laver
is specified and therefore the ohosohor sheet has an excellent bonding property, but properties at
normal temperature are not identified, and machinability such as holing or cutting before bonding is
not. considered. [0009I          Moreover, Patent Document 3 d idz; C.] 0 (d d composite sheet formed
by laminating an inorganic: phosphor plate and an adbes Iye Layer and disc:Loses that the .inorganic
;phosphor plate can be out by dicing,. but the (adhesive 1 slyer is made of aSili cone-based elastomer,
ar.d machinabliity of the sheet at rocm temper(ETn::re is not clear.. [0010]        As described. above, a
phosphor sheet which has excellent mad:inability prior to bonding and has an excellent adhesive
property at the time of bonding has not been attained. It is an object. of the present invention to
provide a phosphor sheet which achieves these characteristics simultaneously. SOLUTIONS TO THE
PROBLEMS 10011]        The present invention pertains to a phosphor-containing sheet having a
storage modulus, of 0.1 MPa or mbre at 25C and a storage modAlus of less than 0:1 Y.Pa at 100C,
wherein. a 7.-esmain component of the phospPor-containing sheet is a crosslinked product formed by
subjecting a crosslinkable silicone compost, ti on containing at least the following. compositions (PT to
(P) to a hygrosilyiat ion reaction; 



(A) organopolystioxane represented by an average unit formula: (ROSi..02/2) a (R13.iC3.(2) b ( R2
11-2) in which. Fta phenyl gib-up, an alkyl. croup or a  cycloalkyl group }saving 1 to 6 carbona(B4ms,
or an alkenyi draue having 2 to 6 carbon atama, Barna-idea; that 65 to 75 mol "a of 14] is pher0/4 and
IC to 20 mol. % of iki is an albenyl group, Pf is a hydrogen atom or an alkyl group having 1 to 6 carbon
atoms, and a, b and a satisfy the relationship of 0.5 :c a B) 0.6, 0.4 '4 b "4 0.5, 0 < c <4 0.1. and a + h
= I;         (B) orgabopolysilexane (5 to 15 parts by weight with respect to 100 partsbyweight of
thecadaqypnent (A)) representeol by the general formula: la.3115i0 ( Pi-2Si) mS i R3.3         in which
P.2 is a phenyl croup, an alkyl group or a cycloalkya group having 1 to 6 carbon atoms, or analkenyl
group having 2 to 6 carbon atoms, provided. that 40 to 70 mei % of P.3 is phenyl and at -Mast one of.
Rfn is an alkenyi group, ara. m Is an integer of Ti to 50;    n organotrisiloxane (such an amount that a
molar ratio of ahydrogen atomcoupled ,aitila silicollatmin this component to the total ofthe alkenyl
group in the component (A) and. the alkenyl group in the component (B) is 0.0 to 2) represented by the
general formula: (HR44.31_0(k)(1)(1F442         in. which R4 is a. phenyl group or an alkyl group or a
cycloalkyl group having 1 to 6 carbon atoms provided that 30 to 10 mol S of 144 is phenyl; and C.)) a
catalyst for a hydrosidylatior reaction (such an  amount enough no promoic a hvdrosilyiation reaction
Of toe alkery: groups in he component. (JO and the: cnnpLett. (3) wifh Line hydrogen atom. coupled
Wjrn a ail:ices atom if:: the component:. (C). EFFECTS OF THE INVENTION 



rce12! In accordance with the present invention, a phosphor ...containingresin layer has excellent
ability machining such as cutting an.d holing since the phosphor-confaining resin layer has a high
storage modulus at around room temperature. Further, the phosphor-confadning resin layer has an
excellent adhesive property by being bonded to an LED element at elevated temperatures since it has
a low storage modulus at elevated temperatares BRIEF DESCRIPTION OF THE DRAWINGS [001311
Fig. 1 shows a first example of a manufacturing process of an LED I ight emitting device with a resin
laminated sheet of the present invention.         Fig. 2 shows a second example of a manufacturing
process of an LED light emitting device with a resin laminated sheet of the present invention. Fig. 3
shows a third example of a manufacturing process  of an LED light emitting device with a. resin
laminated sheet of ths prpstirt invention EY.BODIMENTS OF TIlE INVENTION [0014]        A. silicone
resin or an epoxy resin is preferably used for a phosphor-containing sheet (hereinafter, sometimes
referred to 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. F00151        As the silicone resin used in the present invention, a curable silicone rubber is
preferred. Any liquid form of a. one-component liquid form and two-component liquid form
(three-component liquid form) may be employed. A type of the. curable silicone rubber includes a type
in which a condensation reaction occurs by amoisture in the air or a catalyst, and this type includes a
dealcoholixatlon type, a deoximation type, an acetic acid elimination type, and a hydrpxyamine
elimnation tune, but am. addition cure type in which a hydrosilyiation reaction occurs by a catalyst is
srbfemred. 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. caring can be
easily 



accelerated by heating. [00]6]       The add" jun o CO I. Tune rub.ber in :rined, as an exampt by a
hyd.r.csilyiation react ion of e compound containing an. alkenyl grmup coupled with a silicon atom with
a compound containing a hydrogenatomcoupled with a. silicon. atom. In the present invention,
characteristics described later can he obtained by using a siliccrne resin which is a crossilnked product
formed by subjecting a crosslinkatie silicone composition (hereinafter, the present composition')
containing the followind compositions (A) to (D) to a bydrosilylation reaction. [0017]        The
crosslinkable silicone composition is preferably used, which includes at least (A) organopolysiloxame
represented by an average unit formula: (R125702,o) (R1S103b)h(6201n)(.         in which P? 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 Tr'sfli % of is phenyl and 10 to 20 mol 'is of W. is
a.n alkenyi group, PO is a hydrogen atom or an arr.N1 group havimg 1 to 6 carbon atoms, and a, b
and .satisfy the relaiionshio of 0.5 .((" a0.6, 0.4 b L7(- 0.5, 0 fc. c < 0.1 and a + b -- (13)
organopolysiioxane (5 to 15 parts by weight with  respeto 10 oart.s by wel gut ofombo erepresented
hrformula: thRo, 



WILC P7 is a phenvi, group, an aikyl group or a cyc 1 o a .1.. k y.l. grouto 6 caroon atoms, or an al
kenyl group haying 2 to 6 carbon atoms, provided that( 40 to 7 C47. MOn -6 Or  is onenva and au
least one ofan alkenyl group, and in is an integer of 5 to 50;         (C) organotri siloxane (such an
amount_ that a molar ratio of a7abom coupled wi th a silicon, atom in this component to the total of the
alkenyl group in the component and the alltenyl group in the component B) is 0.g to 2) represented by
the cienoral (formula: (HP4,        in which R4 is a phenyl group, or an alki group or. a cycloalgyl group
hayto 6 carbon atoms, provided that 30 to 70benyl," and         (0) a catalyst for a hydrosilylatlori
reaction (such an amount enough to promote a hydro, a ton reaction of the alkenyl groups in the.
component (A) and the component (B) wi 



Moon atom in the component [001811        A silicone resin having the a hove-mentioned compositicm
is. a silicone resi n wh mb i s us(P.'fllimplerne,-Ling L s present  invention. In the general formbi a of
the foribbhont flaj , a, b and c ahe (it fined so as to tali withi fahge nn which rho fePuit.ing crossiin1":af
plonoun has aufficienf hardness at Loom temperature and an enough degree of softening La
implement. the present invention at elevated temperatures. In the general formula of the component
(B) , when. the content of the phenyl group is less than a lower limit of the above range, softening at
elevated temperatures of the resulting crosslinked product    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 cross! inked prhduct is lost and mechanical strength of the crosslinked product is
deteriorated. Further, in the formbl a, at least one of .R 3S an al kenyl group. The reason for this is that
there is a possibilifY that if this component does not have an alkenyi group, this COMOorient is riot
taken in a crosslinking reaction and is bled out of The resulting crosslinked product. Further, .in the
formula., m is an integer of 5 to 50, and this is a fang e within which handling workability is maintained.
while the mechanical strength of the resulting crosslinked prodbct is maintained. [0019]         In the
present composition, the content of the comochent (B) is in a. range of 5 to 15 parts by weight with
respeci to 100 parts by weight of the component (A) This ramie of the contont of the coifprina3nt (2) is
a range for achieving adequate  softening of the resulting crosslinked product. In the genes_ al iormul
of the., component., R4 is a phenyl croup, or an alkyl group or a cycloalkyl group having 1. to 6 carbon
atoms. Examples of the alkyl group of B4 include amethyi group, an ethyl group, a propyl group, a
butyl group, a pent yl. group and a heptyl group. Examples of the cycloagkyl. group of PP include a
cyclopentyl group and a cyclohebtyl group. in addition, the content of the phenyl. group of 11.4 is in a
range cj: 30 to 70 molt. This range of the content of the phenyl group is a range for achieving adequate
softening of the resulting crossl inked product at elevated temperatures and for maintaining
transparency and mechanical strength of the resulting crossiinked product. [0021] 



in the present composition, the content of the component (C) is adiusheg to suchanamount thatamolar
ratio of a hydrogen atom coupled with a silicon atom in the component (C) te the total of an alkenyl
group in the componentand an. alkenyl grpep in the component (B) is 0.5 to 2. This range of the
content of the component. (C) is a range for achieving adequate hardness at room temneretuhe of the
resulting crosslinked product. [0022]        The component (D) is a catayst for a hydrosilylation reaction
for promotinp a hydrosilylation react., ion of alkenyl  groups in the component RM and the component
(2) with a hydrogen a ri OTR C our)] end with a s 11 2 one atom In the component ( C )Cramp 1 a s of
Coe comp os ti on (B I no I utio o plati run- based cat a. I ye t , rhodium-based catalyst, and a pa 11
ath UM-based catalyst ,and a platinum-based catalyst is preferred since it can stgrci fi cantity promote
curing of the present composition. Examples of the platinum-based catalyss include a. platinum fine
powder, ch.loroplatinic aci:d, an alcohol solution of chloroplatinic acid, a pi. ace:num-al kienyl_si
:Logone complex, a platinum-olefin complex, and a platinum-carbonyl complex, and a
platinam-aibbnylsilotkanb complex is particularly preferred. tramples of such alkenylsiloxane include
3-diviny1-1,1, 3, 3-tetramethyldb siloxane, 1, 3, 5, 7-tetramethy1-1, 3, S,
d-tetravinylcyclotetrasiloxaney alkenylsiloxanes formed by substituting art ethyl group, a phenyl group
or the like for a part of methyl. groups of these al beryl siloxanes, and aikenyls iloxanes formed by
substituting an ally' group, a hexenyi group or the like for a vinyl group of tbbse alkenvl sie oxbmbs.
Particularly, 1, 3-di viny1-1, 1, 3, 3-betramethyldeoxane Is preferred since the stability of the complex
of this alkehylsbibxane with platinum is good. Further, it is preferred to add alkenyisiloxane such. as 1,
3-diefinyi: 1,1, 3, 3-tetramethyldisidoxane, 1, 3-d, 1, 3Lrame Thyi.si. l.oxa.ne,  1,3-diminy1-1,3-dimethyl
1,3-diphenyidisiioxane, 1,3-diviny1-1,1,,3-tetdophemyld1...5ilsw,:42m and 



,3,5,0-tetramcAnyl-1,3,5"2-LetravinylcyclotetrasMioxane; or an cmoancsiloxane oligomer such as a
dimothylsiloxane oligomer to the complex since the stability of the complex of this alkenyisilomane with
platinum can he improved, and it particularly preferred to add aikenylsloxame. [0023]        In the
present composition, the content of the component (D) is not particularly limited as long as the amount
of the component (M) is enough to promote a hydrosilyiation reacficn of the alkbnyi groups in the
component (A) and the. component (B) with the hydrogen atom coupled with a silicon atom in the
component. (C), hut 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 ofa.massunit, furthermore preferably 0.01 70 100 ppm,
and particularly preferably 0.01 to 50 Qom. This is a range in which the resulting composition is
adequately crosslinked and a problem of coloring does not arise. [0024)        The present composition
includes at least she above-mentioned component (A) to component. (D), and may additionally
contain., as an optional component, a. reaction. inhibitorsuchas alkyne alcohol, for example,
ethynyihexanoi, 2-methyi-3-butyne-2-oly 3,5-dimethyl-i-hexyne-3-o1, and  2-pneryl-3-butyne-2-01; on
enyne compound, for examoie, 3-it ethy1-2-penten 1 -yne and 3,5-dimethvi-3-bexen-1.-yne; and
7-1etramethy1-1,3,5,7-tetravinyicy icieirasiloxane, 1,3,5,2- to trametny1-1,3,5,7- tetrahexenyi cyclote t
ras ii pxane, and. hen7otriazole. mhe content of the reaction. inhibitor is not particularly limited, and it
is preferably ln. a range of 1 to 5000 ppm with respect to the weight of the present composition. The
storage modulus of the resulting silicone resin can also be adjusted by adjusting the content of the
reaction :Inhibitor. [0025;         It is also possible to add a dispersant or a. leveling agent for stabilising
a coating film as an additive, or an adhesion aid such as a silane coupling agent as a modifier of a
sheet surface to the phosphor-containing sheet of the present invention. Further, alumina particles,
silica particles or silicone particles can be added as an anti-settling agent for a phosphor. [0026]
17 is essential 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 25C and is less than 0.1 MPa at 1e0C.
The siurage modulus is more pmeferahly 0.3 MPa or more, more preferably O. MPa Or more,
furthermore preferably 0.7 MPa or more, and particularly preferably 1.0 MPa or more  



at 25C, Also, th- torage modulus is morepreferabless than    07 Y.Pa, more n:.refer.abiv .1es.s. than
0.05 MPa, furthermore pxete.ahlyiess than. 0. 03 MPa and parti MPa at 100C. [00271 The storage
modulus referred to heis a storage modulus in the case of measuring dynanoelasticlty. dynamic
viscoelasticity is a technique inwhen shear- strain is acideci to a material at a certain sine frequency,
shear str ss ar.isinq .1 n re.achinq a .teatate is hr oken down in. two components, a component in
chase with the shear s rain (elastic component) and a component 90 out of phase with the shear. strag
(viscous co) and ain characteris of the nmierial is analyzed. Herein, sinecomponent in phase witM the
shear strain di.vided by the -shearstrain is a storage modulus G' and represents deformation or
conformity of a material to dynamic strain at each temperature, this is closely related to machinablity.
and an adhesive property of a mat [0028] 



The hcsphcr sheet of the present invention has machinatility with a high dimensional orerls?on
because. of having storage modulus of 3.1 MPa or more at 25C to :hereby allow the sheet to be holed
orcuL without deformation of a cry of a machi ned port i on ing subjected to machiring  such as holing.
by to(25C), All ainOt of the at arty limitedfor is desirablybe 1 necessity of recticinp stress-strain    i-g
with a blade at room shear stress fs T. room 



ctof the pr eseninventi less in consi end lug the oltosphor  element. Further, since the storage mochilus
less than 0.1 M.Pa at 100C, the. phosheer is quickly               conform to a surface shape f an LED
chip w phosphor sheet is heated and bonoeo so. the LE temperature of 60C to 250C and thereby a
high adhesive power can be attained. When the phcsp1tor sheet has a storage modulus of less than
0.1 MPa at 100C, the storage modulus is decree as a temperature is nrre-from room temperature and
a oondrng property of the phosphor sheen is made better with increase in temperature even below
100C, and a tempera .sure is preferably 60C or more in o.rder to attai.n a ractic adhesive property.
When such w ph.osphor sheet is heated h.igher than 00C, the s.torage modulus is further dased the
bon.d.ino poupefty is made better, exceeding zd, a problem of thermal expansion/thermal contraft.i or
or thermal decompz)si t tor of a resin generally tends 



to occur.. is ferred temperature of thermally           60C to 250C. A lower limit of the storagemodulus
100C is not particularly li.mined for thetetfthe  present invent.on, but it is dash,to be 0,00] MPa or more
since ii_f:ichH tv at the time of thermallynding the phosphor s.- el. emen t makes ] tle to maintain ion
ma ine by nutting orbonding the sheet, [0029]         A resin contained in the phosphor sheet may be
uncured or semicured as long a.s the above inlasti C modulus attained as the. elastic mod 1,s of the
phosphor sheet, in consideration of the abi lity of the sheet to he handlec or to by stored as described
below, the contained in the phosphor sheet is a cured resin. Whena resin is in an themstate 



or a semioured state, there is a p sib lity that a uring re-action n.a yprooeed at room temperature
during storage of the phosphor sheet and the storage modulusreprops range. Inorder t prevent deter
oration of the storase modulus, it is preferred that the rus n has- been cured or curing of the resin
proceeds to such. an extemodulus does not change during a long-term, about one month, upon
storage at room temperature. r'-'03(.]]         The phosphor absorbs bJuo light, violet light, or u.l.traviolet
light emitted from the LED chAp, co r.:varts their wavelength, and ermits light c-iifferclength from the
orange, yellow, green and blue. Thereby, a part. of light cdroled from tne LlP chip Is mixed with. a part
of ligrt amitted from the phosphor Co Plain an LED cf multiple co'l.00 including a. white color. [0031]
The phosphor described above includes various phosphors such as a phosphor emitting green light, a
phosphor emitting blue light, a phosphor emitting yellow light, a phosphor emittinglight and. the like.
Specific exaifyges of the. phosphor used in the present invention include, knowriphospdiors such as
organic phosphors, inorganic phosphors, fluorescent pigments and fluorescent dyes. Examples of the
organic phosphors include allyisuifoamide-melamineformaidehyde co-condensation dyes and oerylehe
phosphors and peryiene phosphors are preferably used since they can be used for the long tetm. The
fluorescent substance particularly preferably used. in the present invention inc7udes inorganic
phosphors. Hereinafter, the inorganic phosphor used in the present invention will be described.
LOC327        Examples of the phosphor emitting oreen lighf include SrAl204:Eu, 17251.05:Ce"Th,
MgAilikkkpC.e,ritp SrA1120:d:Ea., and (at least one of Mg, Ca, Sr and Ba)cla2.54:Eu. [0033j 



Examples of the phosphor elotting blue light incTude  Sam(PO4)3Gimmu (,SrGa8a).0.PO4)3CI:Eu,
(13aGaG5(.404hC1.:EG, (at least one cM Mg, Ca, Sr and Ra)2B509Ci.:FuyMn, and. (ad. least one of
Mg, Ca, Sr and Da) ftc..M.i6C1m:EalEm. [0034]        Exampdes of the phosphor emitting green-yenow
light include an yttrium-aluminm oxide phosphor activated with at least cerium, an
yttriumegadolinium-aluminum oxide phosphor activated with at least cerium, an
yttrium-aluminum-garnet oxide phosphor activated with at least cerium, and an
yttriurrEgaidium-aluminum oxide phosphor ,ctivated with at least. cerium (so-cal 1ed TAG-based
phosphor). Specifically, in,3M5012:P (On is at least one selected from among Y, Gd and La,
Mincludes at least either Ai. or Ca, and E is a lanthanoid-based and (Y-m-xGgx) PLL 5.Gay)5012:E.
GE is at least one selected from Co, Th, Pr, SirG Ea, Dy and Ho, and 0 < Ex < 0.5, o < y < 0,5) can he
used. [00351        Examples of the phosphor emitting red light include Y202S:Eu, La202S:Etly
Y2M0..iEa, and Gd.202S:Eiii [00361         Further, Examples of a phosphor emitting light compatible
with a blue LED which. is currently mainstream include TAG-based phosphors such as
YG(AI,Ga)5012:Ce, flif.,Gd)3Alimgh:Ce, Lu3A1E,ME12:Ce and I3AGE.012:Ce; TAG-based phosphors
such as TiiiA.EMDmiCe; silicate-based phosphors such as (BaySr3SiO4:Eu  phoslai(P phosphor; ltric
based ohosliGn as (Ca, :Et and C 



such af Sax (Si.12(0, N)Ca) S phosphor, 538Eu pines or SrAl204:Eu, and Sr4Alm 0037 j Among
Lneae5, SAG-based phosonors, TAG-based s and a', ;e-based ohare preferably used from the
viewpoimt of luminance efficiencyrmi.nance. (0038]        Known p3o1sphors otherchar..ihe above
oicsphors Ca ..be used depending on uses or a desired. et-Liss:lc-m-1 color. [0039 rtsithe ohosphor is
not oar..licularly ed,particle size n which 050 is 0.05 pm, or more and a particle size in whimh (000i pm
or more is more preferred. Further, a particle s.i ZP in which 050 i.s 30 pm or less is preferred, and a
particle size in which. 050 is 20 am or less is more preferred. Herein D50 refers to a. part le diameter
ah a la ercent passI. nq from the small carticle-size s etiol e si 



obtained by measuring with a laser    f fr :actior / scatter ing particle size disribut ionmeasurement
method reachesWhen 050 is within the above-me i one  range, disbersibiliny of the phosphor in the
phosphor sheet is oped, endstahte emissban is achieved_ [00401         In rhp present invention, the
content of the ohosphct is preferably 53% by weight or more, more preferably 57% by weight or more,
and moreover preferably 60% by weight or more of the wholephosphor-sheet. By adjusting the content
of the phosphor in the phosphor sheet to the above range, light-resistance of the phosphor sheet can
be enhanced. Ifiaddition, actigiper. limit of the phosphor content is not particularly limited, but the
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 weight
of the phosphor sheet from the viewpoint 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 exh:ibitine excellent
performance can be obtained. [OCA21 The thickness of the phosphor sheet of the present
isticf.phosohor content e  Vi  



ilify as descr :131100:_. OILCIC even in a Iarge biy 10 t Invention is n Fh There, instance the phosphor
content is high.  On the other hand, the thickness of ....he phosphor sheet is preferably 1000 tnt or
less, more prefe..r ably 200 p.m or I moreover preferably 1ef7 Antviewpoint of                     1 chafe
terisf n/ eht resistance of the phosphor sheet.the thickness of the phosphor sneet. is 1000 pm or less,
light absorptionoriighd scatteringbyahinder resin can be reduced, and therefore an optically exoellent
phosphor sheet is attained. [0 0 4 31 thickness,of roe phosphor  sheet of the present 



fersto ethics (averageed accordto DIE K 7130 (1999) "Feast icsFilm and sheeting - Bet errninatic. of
thickness by m.ec.hanfeal scanning [0044J The heat res to res is.tance to hear Gene FCLC3LED
chiThe heatrct inc the I umi oance at the tthe LED e at room temperature with. L. he luminance at the
rime when the LED emit- light at el.evafed temoeratures, and vLeasd a. degree  FO 0451        The
environment of tPne 7%bb He an env1 ronment. in which a large amount at heat is generated in d
small space, and particularly in the case of a high power I.15D, heat generation is remarkable.
Atemperature of the phosphor is raised by such heat generation and hence the luminance of the LED
is reduced* Therefore, it is important how to release the generated heat with efficiency. In the present
invention, a sheet having excellent heat resistance can be attdined by setting the thickness of a sheet
to the above-mentioned range* Further, when the sheet thickness varies, there are differences in the
amount of the phosphor among the LED chips, and consequently variations in emissirm: spectrum
(colortemberature, luminance, chromaticity) are caused_ Accordingly, a sheet thickness variation is
preferably within a range of plus or minds 5%, and more preferablywithin a range of plus or minus 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 (21)", and calculating from the following equation, [00461        More specifically,
using measurement conditions of "Determination of thickness by mechanical scanning (A)", a
thickness is measured with. a commercially available micrometLer  such as a contact type thickness
measurement ahoaratos, a difference bea rrxime.m vglao or a minim= value and an 



average t hi. C Pu net as of :tie. resulti no: tnj e kne as is calcuiat ea ane a ratio expressed in
percendage of the calculated value divided by the average thickness is a thickness variation B 0%).
[0047]          Thickness variation P. (0 -(maximum thickness deviation* - average thickness) /average
thickness} x 100   As a maximum thickness deviation, of the two differences in the thickness between
the niax.nual value and the average value, and between the minimum value and the average value, a
larger difference is selected. [0048                        for preparing a. phosphor sheet of the present
invention will be described. In addition, the following descriotion is just an example, and the method for
prepaing a. phosphor sheet is not limited to this. First, a. solution in which a phosphor is dispersed in a
resin (hereinafter, referred to as a "silicone resin including a phosphor dispersed therein for preparing
a sheet") is prepared as a coating solution for forming a ohosdhor sheet. The silicone resin including a
phospinc:dispersecithereinforpreparing a sheet catlbe prepared by mixing the phosphor and a resin. in
the case of using an addition cure silicone resin, since a curing reaction. can he initiated at room
temperature if a compound containing an  Jikenyl group coupled with a silicon atom is mixed with a
compoundcontaimmingahydrogenatomcdmpledwithasillcmfatom, a delaying agent for a hydrosil lation
reaction sucn as an acetylene compound can also be further compounded with the silicone resin
including a. phosphor disperbed therein for preparing a. sheet to extend a pot lifeit is also possible to
mixadispersaint or a leveling agent for stabilizing a: coating filg. as an additive, or an adhesion aid
such as a silano coupling agent as a. modifier of a sheet surface in the silicone resin including a
phosphor dispersed therein for preparing a sheet. Further, it is also possible to mix, as an anti-settling
agent, alumina particles, silica particles or silicone particles in the silicone resin including a phosphor
dispersed therein for preparing a sheet. [0049]         If necessary for making flowability appropriate, a
solvent can also be added to form a solution. The solvent not particularly limited as long as it can
adjust the viscosity of a fluent resin- Examples of the solvent include toluene, methyl ethyl ketone,
methyl isoloutyl ketone, hexane, acetone, terpinepl, and the like. [0050]        These components are
blended so as to have a predetermined comppsltien, and :hen the result ant is une formly orwith a
mixer/kneader such as a hcmbgeni 7er, a  reLation-revointion mixer, a three roil mill, a ball min, a
planetary ball mli or a beacsmil.L to obtain a silicone resin incIud 3 nga nlso spho r di sparst. ha rei ii
for preparing a st.u.2e t Ai ter mi xi n.o:/d.isoersing, or in the process of mixing/dispersing, deaeration
isalso preferably performed in a vacuum or under a reduced pressure. 



[0051]         Next, the silicone resin md ndsnc a phosphor. dispersed therein for preparing a sheet is
appdied 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, an offset gravure coaten, a reverse roll
costar, a blade coater, a kiss coater, a natural roll coater, an air knife caster, a roll blade coater, a
ParlIgar roll blade coater, a two str[[...ilu coater, a rod c.oater, a wire bar coater, a coating applicator, a
dip coater, a curtain caster, a spin caster, 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 ;[[1t die cater.
Further, the phosphor sheet of the present invention can also be prepared. by using a printing method
such as screen printing, gravure crinting, planographic printing or the like. When the printing method is
en-played, screen Nn4nt2ng is preferably used. -0052; A sheet. can be dried by using a common
heating apparatus  apparat.usa hoti, an a.dri-r or theke is used for thIn case, thermall:erformed under
the conditinns of a temp- nature 40 to 250C and a heating time i minute to 5 hours, and prefeahiy
under the conditions of a temperature 100C200C and a heat inc time 2 minutes to 3 hours. [0053] The
base material is not paly limited, and          film, glass, ceramic, paper or the ike can be used. Specific
examples of the base material include plates or foils of. metal such as aluminu.. (including a' uminum a
copper andiron.; fi.l irs of plas ri.cs such asulose acetate, 



polyet )yiene te phthalate (PET), polyethylene, polyester, polyamide, poitide, polyphenyiene sulfide,
polystyrene, polypropylene, poll arbonate, nolyvinyl acetate and aramidi and paper flaying the
above-mentioned plastics laminated thereon orpapercoatedwiththea Dye mentionedplastics oaoer
havinc the above-mentioned metals laminated thereon or deposited ttiereon, and
plasticabove-mentioned metals laminated thereon or deposited thereon. Further, when the base mais
a metal plate, the plat.esurface may be subjected to chrome- OE nichial-plating or ceramic treatment,
Among them, f,l exibie film-like m.aterial 5 are pre (the base material  -forviewp.oint ciSHadhes I.. on in
:bonding a pninp reshee n ho theE D e.i...emenicFurther, a fi.i..nh.avihigh. sO renqcki o lire I. erabsv
used in ordef Lo 3vold possibility of 19 in honiling the film--like base material . is preferred from the
vier,,coinheabove-mentioned required character.i.ssic.s and economit efficiency, and among resin
films, a PET film is referred from she viewpoints of economic efficiency and handling. When an
elevated 7e.mperat re of 200C or more is requiren in curina a re-'and mg the phosphor sheet toLED, a
calyimide filmpr ferred from the 



viewpoint of heat resistance. The base material may be  reviocsly subjected to release treatment of a
surface for ea of releasing a sheet. [00541 The thickness of the base material is not particularly
_ed, hut a _Lower limefera ." 40 ktm or more, and more preferably 60 lim or more Also, an upper 1 unit
is pre-ferx 5000 lim or less, and mane preferobly 3000 pm or less. [0055]        The phosphor sheet of
the present n:venti on is bonded to an LED element as a wave_h canine s son layer, and used as a I i
qht emitt nq.deviceIn the preswhen _fle phosphor sheettided to an LED element, the sheet is
bc)inc-jed nnd.er heating. A heati....q temperature is desirably 60C or more  less. By settitagthe
heatitigteaurature to 60Cormore, resim design for Hnereasin.qthe daffereuce in elastic=illiu-, between
roam temperiiture and a. bedding temperature is easily madeo Farther, by settinq the heating
temperature to 250C or less, the accuracy of bonding can be improved since thermal
expansion/thermal contraction of the base material and the phosphor sheet can be reduced_ Location
accuracy of bonding is important particularly when the phosphor sheet is previously subjected to holing
and aligned with a predetermined portion on the LED element. It. is more favorable to bond the
phosphor sheen at a temperature of 150C or less in order to improve the accuracy of bonding.
Moreover, it is 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 withithe
present invention. Therefore, the bonding temperature is maintained at the vicinity of an operational
temperature of the LED light:emitting dev*.e, and preferably within a range of the operational
temperature plus or minus 20C. A temperature of the ZED light emitting device is increased to 80 to
130C in. lightmqup. Thus, the bonding temperature is preferably 60C or more and 159C. or less in
order to bring the operational tegiperature close to the bonding temperatute. Accordimply, the
characteristic. of the phosphor sheet designed so that a storage modulus is adequately decreased at
100C is important.  



[P0561         In a method of bonding the phosphor. sheet, r. existing. arblia r a ry abpaTat as can. he
used as to no as The appal:alus can. perform heating and pressurizing at desired Tompehaapres ,As
described later, the method of hondin.g the phosphor sheet includes a method in which the phosphor
sheet is cut into sinqulated pieces, and then bonded to a separate LED, and a method in which the
phosphor sheet is collectively bonded Co a wafer provided with an undiced LED element, and dicing of
the wafer and cutting of the phosphor sheet are collectively performed, and in the case of dividing the
phosphor sheet into sineulated pieces and then bonding the singulated pieces, a flip chip bonder can
be employed. The phosphor sheet is bonded with    thermocompression bonding tool having a heating
area of abouu 100 ram square in collectively bonding the sheet to an LED element of a wafer level In
any of these oases, after the phosphor sheet is melted and attached to- the LED element at elevated.
temperatures by heating, the phosphor sheet is left standing to be cooled to room temperature, and
the base material is pE.:eled. 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 Co be peeled off easily from the base
material while firmly keeping the ph osphom sheet in absclafe contact with the LED element .  [0057]
A method a i cut E ing the phe'sphor sheet] w L11 be deucrihed. The method of cutting the phosphor
sheet includes a method in which the phosphor sheer is previously cut into singulated pieces orIor to
bonding to an LED element, and then bonded to a separate LED, and a method in which the phosphor
sheet is bonded to an LED. el.ement of a. wafer level, and cut concurrently with dicing of the wafer. In
the case where the phosphor sheet is previously cut prior to bonding of the sheet, a phosphor sheet
uniformly formed is machined into a predetermined shape by laser Lena machining or cutting by a
blade, and the machined fil-tosphor sheet is divided. The laser beam machining is very hard to avoid
scorch of a resin or degradation of a phosphor due to high energy added, and therefore cutting by a
blade is desirable. In ormic to imp.rove machinaloility in cutting with a blade, it is very important that a
storage modulus at 25C of the phosphor sheet is 0.1 MPa or more. A meLhod of cutting with a blade
includes a simple method of pushing a. blade in an oLject, and a method of cutting with a rotary blade,
and both of them can be suitably used. As an apparatus for cutting with a rotary blade, an aoparatus
referred to as a dicer, which is used for cutting (turfing) a seadifcLmiuctor substrate into separate
chips, can be suitably utilized. When the dicer is used, a higher machining. accuracy cam be achieved.
than cutting by simple hushing in of a blade s? rico a width of a dividing line can be precisely
controlled by a. thickness of the rotary blade or sett ring of nn.;58,        When the phosphor- sheet wtP
ch it. s laminated on the base material is our, the phosphor sheet may be singulated together with the
base material., or the Ease material nay not be cut while the phosphor sheet may be singulated.
Alternatively, ane base =terial may be subjected to the so-cal ed half-cut in which a cut in not
penetrating is made_ The phosphor sheet thus singullated is melted and attached to a separate lib;fl1
chip by h eha ti nor. An ex.amele of the steps of singulation/boneting of an LED element/dicing in the
case where the phosphor sheet is singulated with the base material is shown in Fig. 1. The step
Shown in Fig. 1 includes the step of cutting the phosphor sheet into singulaced pieces, and the step of
bonding the phosphor-containing sheet out into singulated pieces to an LED element by heating. Fig.
11(a) is a view showing a state in which the phosphor sheet 1 laminated on a base material 2 of the
present invention is fixed to a temporary fixing sheet 3. In the step shown in Fig. 1, since both of the
phosphor sheet 1 and the base material hare sir:quieted, the plii0SphOS SI-Sset 1 is fixed to the
temporary fixing sheet 3 in order to ha.ndie easily. Next, as shown in Fig. 10-2) , the phosphor sheet 1
and the base material 2 are cut into singulated pi eces. Subsequently, as shown in Fig. 1 (c) , the
phosphor sheet 1 and the babe material 2,  respectively singulated, are aligned on an LED element 4
mounted on e 'bunting substrate 5 2md. eposs-bnded w i.th a. tpermccombre ssi on bondd ng tool , as
shown in Fig. 1. (e) . In this time, press-bonding is preferably performed in a vacuum or under a
reduced pressure in order to prevent air from being involved between 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. the base material 2 is peeled as shown in Fig. 1(e) [U059] 



Further, when the phosphor sheet is singalated leaving the base material in a continuous state,
singulated phosphor sheets may be melted and attached collectively to an undiceb LED element of a
wafer level. as-is. An example of the steps of singalation/bonding of an LED element/dicing in the case
where the phosphor sheet is singuiatect leaving the base material in a continuous state is 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 into singulateb peces to an LED
elembnt by heating. In an example of the step shown in Fig. 2, the base material 2 is not singulated in
singulatina the phosphor sheet 1. 'a rot. in the step shown in Fig. 2 (o) . In. Fag. 2 Po) , the base
material 2 is not cut at all, but the base material 2 may he partially cat. as long as it is continued. Next,
as  shown in El p. 2(c1 , the singulatmd phcispMom sheet 1.L. is opgmEgivil to a wafer 7 provided with
an undiced TI:gin!einent on the surface thereof, and alLigin1 with thm wafer 7. In the step shngidi in
Fig, 2(d), the phosphor sheet. ) is press-bonded La the wafer    provided with an undiced LED elememt
on the surface thereof by using a thermocompressicm bonding tool. In this time, oress-bonding is
mreferably performed in a vacuum or under a reduced pressure in or des to prevent air from being
involved between 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 the base material 2 is peeled as shown
in Fig. 2(ei, and then the wafer is diced to be singalated to obtain an .11)elementwiIhtlini"singulated
phosphor sheet, as shown in Fig. 2(1). {0001 When the singulated phosphor sheet is melted and
atitachiiMcellective]v TO an undiced LED element of awafer level by heating, the phosphor sheet may
he cut together with dicing of the LED element wafer after bonding. Siiniun dicing of the wafer is
carried out by the above-mentioned dicer and condimi ohs such as number of rotations or cutiLing
seed at the time of cutting is set to ootimum conditions ofcsittinpa semiconductor wafer, it is difficult to
set the conditions at the Lime of cutting to optimum conditions to out the phosphor sheet, but 



the phosphor sheet can be suitably cut by using the phosphor  sheet having a high elastic modulus at.
25PC as specified by the :Present inventinn. An example of the step in 2he case where the phosphor
sheet and the wafer are collectively diced after bonding the phosphor sheet to the T.,72d(.(3r is shown
in Fig. 3. The step shown in Fig. 3 includes the step of bonding the pheschop sheet to a pluraid.ty 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 LEG element on the surface thereof with the side
of the phosphor sheet I opposed to the wafer 7 as shown in Fig. 3(a). Then, as shown in rig. 3(h), the
phosphor sheet I. is press-bonded to the wafer 7 provided with an undiced LED element on rho
surface thereof by using a theimcompression bonding tool. In this time, press-bonding is preferably
performed in a vacuum or under a reduced pressure in order to prevent air frombeing involved
between 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 the base material 2 is peeled as shown in Fig.
3((d, and then the wafer is diced and at the same time the phosphor sheet I is cut to be singuiated to
obtain anLEDelemenit with the s1nguiated phosphor sheet, as shown in Fig. 3(d). [00611 In any of
cases where one of the steps in Figs. 1 to 3  descr.. bed aboVe is employed, wheh the phrr sphcrr
sheet of t present inattlict s bc nded ho an LED eiemen' electroit is d s if a 'f orm ha linc (form a
thrbin-noat an areaphc-r sheet aoove          ctrode 7liar tomin ate theof the)hor shoet before bonding
the pho phor sheet. Known methods such as lase heam machining, die punchinG and the like can be
suitabi..y used for holing, hut punb. mg by asnit.). more desirable since the iaher beam machi i a
causes scorch of a resin. or degradation of phosphor. When punchingit is essential to per: orm
punching. priorof the phosphor 



fnot be performed after bonding the phosphor sheet to the LEE element. In bun "rig by able, a hole
shape and an iisizeeaLade depending       confi prat:Leh of the LED el erie nt to which the phosphor
shept. is bonded, The size: and the shape of a hole can be arbitrary if a die is designed., but since a
size of an              onnec on the LED element of around 1 mm square ,s oreterably 500 1,it or ic-so in
order to avoid reduction in an areac-f an emisa surface, and the hole formed in t  a diameter of 500 um
of less in conformity to th.e size of the electrode conneportnce the electrode to ISO sd to wire bonding
requires a certain size arid this size is atast about 5(1 !..1.7, a size. of the tic__ is about 50  larger than
that of the electrode, the emission. surface is exposed. to cause lignt leakage, and. therefore color
charhcterist les of an LED light emitting. device are     eriorated Further, when the size of the hole is
too smal Leo 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 to machine a hole which is as
small as 50 .tlm or more and 500 pm or less with high precision within plus or minus 10% in holing,
and thbrbfore it is very important for improving the precision of punching that a storage modulus of the
phosphor sheet at 2.5C is 0.1 MPa or more. [00621         When the phosphor sheet having undergone
cutting and noming is aligned with a preuetermined portion of the L:D element and is bonded to the
LED element, a bonder having an optical alignment mechanism is required_ In this time, it is difficult
due to the nature of. the operat ion to align the phosphor sheet with the LED element in a state of
being closely-situated, and It is practically often to align the phbsphor sheet with the LED element with
the phosphor sheet slichtl y contacting the LED elememt. In this time, .if the phosphor sheet has
tackiness, it is very difficult to move the phosphor sheet in a state of being in contact with the LED
element. in accordance with the phosphor sheet of the present invention, it is easy to align the
phosphor sheet with the LED element with  the phosphor shoot slightly contacting the LED element
since the phosphor sheet. does not have tackiness when alignment is. performed. at room
temperature. 



(1.063;        In lighting pouipment using the LED element including the phosphor sheet obtained
according to the present invention bonded thereto, cc]. or variation and luminance variation are very
small, since the phosphor. sheet Eaxactligmaiknined is. provided on the LED. element. and therefore a
constant chosphor exists on the LED. element in comparison with the conventional methods based on
dispensing cif a liquid phosphor-containing resin or a known phosphor sheet. In the method based on
dispensing of a liquid phosphor-containing resin, since a shape: of the phosphor sheet depends ona
surface tension of the liquid resin supplied, it isdifficalt toformaliniformthickness. Further, in accordance
with the phosphor sheet based on design of an elastic modulus range according to the present
invention, it becomes possible to reduce the thickness of the phosphor sheet since the phosphor nhoet
can be machined with high precision. compared with conventional phosphor sheets even when the
phosphor is loaded at high concentrations. Specifically, according to the present invention, a light
emftfing device obtained Ify disposing, on the LED element, a phosphor-containing layer having a
thickness of 10 to 1000 mm, II n which a. dif-fe-erce between the thioness at a center and the
thickness at a middle point of , line segment drawn from the center to an erhinfory point :it an end of
the emission surface is preferablvv.thln a. ranpe of the thickness at the center plus or minus S% and
more preferably within a range of the thickness plus or minus 3%, is manufactured_ Herein, the center
on the LED element refers to a point of intersection of two diagonal. lines since an. LED element amiss
on surface is rectangular, and a, middle point of a line segment drawn from the center to an end of the
emission surface is taken as a 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 fail withina range of plus or minus
3%. EXAMPLES =647        Hereinafter, the present invention will be described in more detaillb.ywaycf
examples. However, the present invention is not limited to these examples. [0065] <Silicone Resin>
Components for compounding a silicone resin Resin main component (mevis102,c)u.,5(Ph25i02/2)n.;
(Phs-io, D,(HOLonpci (average composition, corresponding the ccmoositich (A))  



Cure modifier ViMeeSiO(blePhS10)1b,.SiMei,V1 (average comoosixion, ao*respondira the
composition (B))        Crossiinking agent MiMe2SiCa2SiPh2 (corresponding the combmtsition (C)) *
Me: methyl. group, Vi: vinyl group, ph: phenyl group Reaction inhibitor 1-ethynylhexanol Platinum.
catalyst: 1,3-diviny -1,1,3,3-totramethyldislioxane soli:tits-1 of
platinumb1,3-diviny1-1,1"3,3-tetramethyldisilomane complex platinum content 5% by weight
Asilicone resin 1 and a silicone resin2 used in examples were prepared by compoundingthe
above-mentioned components for compounding a silicone resinsoas to correspond to "the present
composition" in the present specification, and ommercialired products were used for silicone resins 3
and 4 used in examples. - Silicone resin 1         resin main component 75 parts by weight, cure
modifier 10 parts by weight, crossiinking agent 25 parts by weight, reaction inhibitor 0.025 parts by
weight, platinum. catabyst 0.01 parts by weight Silicone resip 2         resin main component 75 parts by
weight, cure modifier 10 parts by weight, crossiinking aoent 25 parts bv weight, reaction inhibitor 0.05
parts:byweight., &Latin= catalyst 0.01 parts by weight  Silicone resin 3 X-32-2520 0uartifacturtmiby
Shin-DishChemical Co., Ltd..) Silicone resin 4 KE29, 6072 (manufactured by Shin-Ersu Chemical
[00661 



<Dynamic elastic modulus mpasurempnt>     Measurement apparatus: Viscoelasticity measurement
apparatus ARES-G2 (mairifapMbired by TA Instruments Japan Inc.) Geometry: parallel circular disc (lb
mm) Distortion: Ii Angular frequency: 1 Hz Temperature range: 25C to 140C Temperature-rising rate:
5C/sin. Measurement atmosphere: in the air [0067]        <Preparation of measurement sample for
measuring dynamic vishoelastioity>        A resin liquid for a phosphor sheet obtained by mixing 30
parts by. weight. of each of the silicone resins I to 4 and 70 parts by weight of a phosphci "NYA(2-02"
(manufactured by IntemPtix Corporation: YA.G-based phosphor doped with Cc,  specific:gravity: 4.8
g/cm3, 0460: 11.m0 wmusappifecito"Cerabeel" BLE (manufactured by Toray Advanced Film Co., Ltd.)
as a base material. witlaa slit dip coater to forma. filihavimiloattlickness of 100 4m. This operation was
carried out for each of the  silicone resinsTO 4The silicone resins 1, 2 and 4 wetie heaLed af a film
forming dpmperagre of 120C for hour, and the eilieene renHn ci was reamed at 120C fnr 10 minutes
since the silimidne resin 3 was a silicone adhesive to be used in a semicured state. 



[0068]        Eight sheets of the resulting films having a thickness of 100 VI were lamimated, and
thermocompression bonded to one another on a hot plate heated to 100C to prepare an integrated.
film (sheet) of 800 wm in thickness, and the sheet was cut out into measurement samples of. 15 up in
diameter. [00691        Stomade moduli. of the samples (containing. 70% by weight of the phosphor) an
room temperature (25C) , 2 0 0 'C. and 140E] were shown in Table 1. [0070] <Adhesive Property
Test>        When a phosphor sheet laminate-don a base material, was bonded. to an LEO element at
1.00C, press-bonded for a predetermined time and then cooled to room temperature, and the base
material. was peeled, the least press-bonding time iri'Abnich the phosphor sheet epLirely adhered to
the LED element and was. not left. on the base material was taken as the least time to enable
bonding. The phosphor sheet which entirely adhered to the LED element and was not left on the base
material in a time  of press-bonding by heatinhJte or less was rated as 1 adios ire pro-aid not.
LED ei erpent, Of pa the 1,1%0 element but was partd ly left on the base materia.l even -though
press-bonding bay 0ating for 1 minute or more was conducted was rated as defective adhesive
property. [0071] (Examp]         Using a 300 ml polyethylene container, 30% by weight of the silicone
resin 1 and 70% by weight of a phosphor "NYAG(manufactured by int( natix Corporation: YAG-based
phosphor doped with Ce, specific gravity:, 050: 7 km) were [0072] 



Thereafter, the resuitiuog rcdxture was stirred and deadrated at 1000 rpm for 20 minut.es by using a
planetary mixerideaerator "MAZERURTAR KM-400" (manufactured by KURABO INDUSTRIES LTD.)
to obtain a. silicone resin including a phosphor dispersed therein for pepari.ng a sheet. The sglresin
udino a phosphor dispersed for preparing a sheet was appl ied ontoaceel" ELK (maraffacti -hi by Toray
Ltd.) as a base material. by use of a slit die coater, heated 12.0C for hour, .and dried to obtain a
phosphor sheet having a thickness of 9and a. si ze of 100 mm squareThereafter,  by us() ng a die
punch lug apparatus (manufactured by UHT CORL'OP"nl bib )Diarnoters ct tO ponched holes were [
hvest a. gat el witn a microsCOITEJ: eTlipptt(i WJ. Lb 61 length measurement device to deteran
average of the diameters, and consequently holes almost according to a. design value were obtained
as shown in Table 2. Then, the phosphor sheet was singulated into 10000 pieces having a size of 1
nun square by using a coLiing apparatus (GOUT manufactured by UHT CORPORATION() .Both of the
phosphor sheet and the base material were cut and completely singulated. A cutting pl.ane did not
leave burrs and cracks and had a good shape, and re-bonding of a cut portion did not take place. One
hundred pieces were randomly selected from 10000 pieces singulated,and the number of -nieces in
which a state of a cutting portion was good was counted to evaluate cutting characteristics. [00731
The phosphor sheet cuv into a size (.),(f 1 mm square was located in such a way that a phosphor
sheet surface was in contact with a chip surface of a blue LED chip mounted on a substrate. A hole of
the phosphor sheet was aligned on a surface electrode of the 1.1(11) chic by using a die bonder
(manufactured by 'Foray Engineering Co., Ltd. ) , and the phosphor sheet was pressed from a base
material side by a. heating head heated to 1003C, and consequently the least time to enable bonding
was 10 seconds. A sample press-bonded for 1.0 seconds was cooled to room  Lemperatur, and then
the base material was peeled, and COP SPOfl e.. n t 1.11 the phosphor she(ar complstely ar-mt,htcri
to the 



LED), and the base material cold he cleanly peiera oft without leavii"the phosphor sheet on the base
material, and therefore an adhesive property was. good. The surface electrode of the LED chip was
suiect to wire bonding, and conseguengly the electrode could. be connected through the hole
previously machine.dinthephosphorstmetwitlautanvdifficulty. The same 10 LEDs provided with a
phosphor sheet and sealed with a transpaent resin. were prepared, and each ifliwas connected to a
DC power source to light up, and consequently it was verified that all of 10 LEDs lit up. Correlated
color temperatures (COT) of all of 10 samples were measured with a chromo illuminance meter
(Konica Minolta CL200A), and a difference between the maximum value and the minimum value of the
OCT was taken as a color temperature variation and evaluated. 100741        An LED element witila
phosphor sheet prepared in a similar way was cut, and SEM of a cross section was measured, and
with respect to 10 samples, a difference between the thickness at a center of an LED element
emission surface, and the thickness at .middle point of a line segment. between the above center and
an end of The em. 55 surface was measured to determine a difference in thickness between these two
points. A ratio of the difference in thickness to the thickness at a center is  taken as a di fder en cc (1; )
En thickness of the sampie, and an are race gf the di fltexenees i n 7h rknesc: of the 10 samples was
calcul.atedi The calculated average was shown. a.s a. variation in Table 2. In addition, a negative
average shows that the thickness at the above middle point is larger than the thickness at the center.
[00751 (Example 2)        A phosphor sheet was obtained in the same manner as in Example 1 by
using the silicone resin 2 in place of the silicone resin 1. A hole of 200 1!-L in diameter was punched in
the phosphor sheet in the same manner as in Example 1, and the phosphor sheet was singglated into
a size of 1 mm square. holing characteristics and cutf ing characteristicis were good as wigin Example
1. A phosphor sheet cut into a size of 1 mm square in the same manner as in Example I was bonded.
to an LED element, and consequently the least time to enable. bonding was 5 seconds. Further, a LED
lighting test arid a thi ckfless of thb phosphor sheet were evaluated in the same manner as in Example
1, and the results were shown in Table 2. [0076] (Example 3)        A phosphor sheet was obtaihed in
the same manner as in Example 1 by using the silicone resin 2 in place of the silicone resin 1. A hole
of 200 km in diameter was punched in the phosphor  ame mhhher as in Exampl eand conse go enty
holing 



Then( plospiler ai4C_4L CC[JT mareo tc: base material was half-cut to remho s state while
compfet.elv sinquating the phosphor sheet. A cutting plane of the p.iosph>r sheet did not leave burrs
and cracks and had a good snape, and re-bonding of a CAFE. 1.7) rt ion did not take 'apace [0077]
phosphor sheet of 100 mm square in which the phosphor sheet was singi lated into a size of I wn
square and the base material wasmonollthic was located in sucha way that a phosphor sheet surface
was in contact with the surface of a 4-inch wafer not diced into sinnulated pieces and.cluding a blue
LEO element formed on the surface thereof. The singulated phosphor sheet was conformed to each
LED element, and a machined hole of the phosphoret was alAgned on a surfaceode of the LED -the
phosphor sheet was press cc, edOM material side by a heating head heated to 100C, and
consequent.... y the least time to enable oonoing was 15 seconds. A sample                       r 15 seco
cooled to room temperat. Ey and then the base materiel was peeled, and consequently re phosphor
adhered to tte. blue LED .he base materiel peeled off wi. thol.ut leaving the phosphor sheet on -:-he
base ma terial, and thcr-efore a nadhesive property was          Then, the water of the blue LED
element was dirned witt a dicing apparatus (manufactured. by PiSe0 Corporation) to he singul.atd, and
the surface electrode of thesinquiatedLED chip was subject to wire bonding, and consequently the
electrode could be connected through the hole previously machined in the phosphor sheet without any
difficudty. The same 10 LEDs provided with a phosphor sheet and sealed with a transparent resin
were prepaxed, and. each LED was connected to a DC power source to light up, and consequently it
was verified that all of 10 LEDs lit up. Correlated color temperatures (CCI) of 10 samples were
measured with a chronic illumiflddLe meter (Konica MinobLa CL200A), an.d a difference between the
maxinurnivlue and the minimum value of the OCT was evaluated. Further, a thickness of the phosphor
sheet was evaluated in the same manner as in Example I, and the results were shown in Table 2.
[0079] 



(Example 4)        A. bhosnhor 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 pdephed in the phosphor sheet. in the same
manner as in Example 1, and consequently holing characteristics were good. A. phosphor sheet of
100 mm square was locabed in such a way that a. phosphor sheet surface was in contact with the
suirfaem art a 1-inch wafer not diced into singulated DiCeeS and      ad i no a. blue 1.110 elPrumnt
formed on the cur face thereof. A hole of the phosphor sheet was aligu.ed on a surface electrode of
the. LED chip, and the phosphor sheet was press-bonded from a base material side by a heating
head. .eated to 100C, and consequently the least time to enable bonding was 10 seconds. A sample
press-bonded for 10 seconds was cooled to room temperature, and then the base material was
peeled., and consequently the phosphor sheet completely adhered to the blue LEM and the base
material could be cleanly peeled off win bout leaving the phosphor sheet on the base material, and
therAEore an adhesive property was good. r00801         Then, the wafer of the blue LED element was
diced together with the phosphor sheet from a wafer backside (side opposite to a side to which the
phosphor sheet was bonded.) with a dicing apparatus (manufactured by DISCO Corporation). A
cutting plane did not leave burrs and cracks and. had a good shape, and re-bonding of a out portion
did not take place, 100811         The surface electrode of the LED chip was subjected to wirebonding,
andconsequent",theelectrodecouldbe 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,  ith a chronee meter (Konica1 ta (.0200A), and a difference between
the maximummin of the CCT was evallbatedi Further, a thickness of the phosphor sheet as oval aated
in tne same manner as in Example 1, and the results were shown in Table 2. 



[0082] (Comparative ixanoTe 1) silicone resin 2 was usedutace of the silicone resin 1 to preoare
a)hor-containlnq 8i-hie:are resin for preparing a sheet and the phosohor containing ilicne resin a rig a
sheet was app0 onto "Cernpeel" BLK. (manufactured by TornFilm Co., Ltd.) as a base mater i al
heated at 120C for 10 minutesdried to obtain a phosphor saeha vinq a thickness of 90 jim and a size
of 100 mm square. A hole of 200 p.m in diamwas ouncneci in roe phosphor sheet in the same manner
as in Example 1, and conseouent.ry the silicone resin 2 had a no low e:lastic modulus  at room
temperat.ure a the.re.fore adt..erdie, and t of nole d ameters after machinina  Ssmaller than a desigla
value. T .e phosphor sheet  



sohor the-hchiled and could not he cuti off, [U0431 Using on.Ly pM.or sheets which. could be 5.a.teo
without any d4 ff culty, the ohosphor sheet was thermocompress Ion bonded to a blue LED element. at
100C for 10 seconds. bying the same die bonder as in Example 1, and the materhis peeled, and the
phosphor sheet w cured: at 150C for 30 minutes. The blue LED was cooled to room temperature, and
thenP base material was peeled, and consequently the phosphor sheet completely adhered to the blue
LED, and the base material could be ci eanly neecec off without leaving the phosphor sheet on the
base matearid therefc.re an adhesive property was good. The surface enegtrode of the LED chi was
subject to we ) ii.g, and consecuently apart of bon ing wire was brought Into contact with a hole
previously machined in the phosphor sheet since the hole size was sma Ten LED provided
wiphosphor sheet and sealed with a resin aftere bonding were prepared, and each LED was
connected to a DC power source to light up, but three of the 10 LEDs had defective connection and
could not 1. The nurr.her of saprepared was inc.reased, and 10 52.5' tic th a phlosphpr sheet, normally
hgup, were 



obtained, and correr ate d color temperatures (C1C1) of 10 samples were measured with a
chrom:inarice meteYinolta  Cl200A), and a. diffemence between. the maximum value and the hlaimum
va-lue of thn CCT was evalaated. Darther, a. thickness c.f the phosphor sheet was evaluated in the
samh mmnnef as in Example I, and the results were shown in Table. 2. [0064] (Comparative Example
2)        A phosphor-sheet was obtained in the same manner as in Example I by usinp the silicone resin.
4 in place of the silicone resin 1. Alfole of 200wairldiameter was punched in the phosphor sheet in the
same mariner as in Example 1, and the phosphor sheet was sinpulated into a size of 1 nun square.
Holing characteristics and cuntimd characteristics were good as with Example 1. The phosphor sheet
cut into a size of I mm square was located in such a way that a phosphor sheet surface was in contact
with a chip. surface. of a blue LED chip mounted on a substrate, and a hole of the phosphor sheet was
aligned on a surface electrode of the LED chip by using a die bonder nanufactured
byTorawyEngineering Co., Ltd.), and the phosphor sheet was press-bonded for 1 minute 1.. rem a
base film side by a heating head heated to 100C. The LED chip provided with the
phosphorsheetwascooledto room temperature, and therkthe base film was peeled, and consequently
the phosphor sheet incompletely adhered to the blue LED and peeled off from the LED element
together with the base film, and therefore an evaluation, of the LED eiement was impossible.  -sheet
was chtaindsame manner as in mg thee resin 4 in place of the silicone                    silicone rosin 3 not
con'tain.ing a phosphor was apli.ed ontoospor sheet by use of a slit die coater, heated at 120C for 10
minutes, and dried to obtain alam.inate type phosphor sheet in which an adhesive layer having a
thickness of 10 igrn was formed on the phosphor sheet having a cL-nf 90 irmi 



[0086]         Thereafter, a hole of 200 rim an diameter was punched in the !al- phor sheet by using achi
ng a (manufactured. byCORPORATION) . Diameters of 10 pi one hole were i nves.rigated with a
microscope equipped. with a 1. ength measurement device to determine a.n average of the diameters,
and con sequently the average was slightly smaller than a design value as shown in Table 2, and an
extrusion of the si licon.e resin 3 was partially found. Then, the resin sheer was singulated into 10000
pieces having a size of 1 ram square by using a cettiing apparatus (7U'IP manufactured by
UHTCORPORATION) , but about one third of hece piec -s was e"bonded and could nor be cub [00871
Using on lv phosphor sheetsbe sincul ated ulby, the phosphor she-- was  thernocomni.es s i on
bonded to a. b 1 :Jo LED element_ at 1.00C for 10 secondp by p sing The s an.e c.:'L.i e bender as in
Tuamlsde 1, and the basewas peeled, and the phosphor sheet was thermally cured at 150C tar m
minutes. The blue LTD element: Provided with the phosphor sheet was cooled to room temperature,
and then the base film was peeled, and consequently the phosphor sheet completely adhered to the
blue 1,-JD, and the base film could be cleanly peeled off, without leaving the phosphor sheet on the
base film. The surface electrode of the LED chip was subjected to wire bonding, and consequently a
wire was brought into contact with a silicone resin 3 since the silicone resin 3 partially extruded to a
hole previously machined in the phosphor sheet. Ten blue LED provided with a phospor sheet and
sealed with a resin after wire bonding were prepared, and each. LED was connected to a DC power
scarce to light up, but two of the 10 LEDs had defective connection 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 (COT) of 10 samples were
measured with a chronic illuminance meter (Konica Minolta CL20021) , and a di fference between the
maximum, value and the minimum value of. the OCT was ev.aluated. Further, a thickness of the
phosphor sheet was evaluated in the same manner as in Example 1, and the resui Is were shown in
Table 2. L00381  (Comparative Example 4)        Using a 300 m, nolyethylehe canbaimier, 90% by
weight of the silicohe rbbin 1 and 1.0% by weight of a phosphor "NYACH-00:" (manufactured. by
Intematix Corporation.: YAG-Lased phosphor doped with Ce, specific gravity: 4.8 /cm', 050: 7 pm)
were mixed. [00891         Thereafter, the resulting mixture was stirred and deaerated at 1000 rpm for
20 inby using a planetary 



mixer/deaerator "MAZERUSTAR KK-400" (manufactured by KUPIADO INDDSTRIEELTDu)
toobtainasiliconerbsinincluding aphosphor dispersed for dispensing. [0090]         A predetermined
amount of the resin including a phosphor was dispensed on a chip surface. of a 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. 150C for 1 hour. The 10 LEDs sealed with a
phosphor-containing 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 lit. up. Correlated color nemperatures (COT) of
all of 10 samples were measureb with a chrbmo i'luminnce meter (Konica Minolta CL200A), and a
difference between the M.L:ilnum value and the n)inimbm WiThIP of the MMTwas Laken as a color
temperaturevariatiOnarKievaluated.  -need ph1 n c4- -fblorea                a difference between the
thickness at a center and thirst thicknoss at a rrrsdctic. point between the center and an end was very
lahie, [0091] [Table II]  25C 100C 140'c silicone 1 1.0M0a 



C. 025M0a O. 0138M0a si.licone2 CM Pa 0.0035M0a 0.0020MPk silicone 2 0.005MPa 0.006MPa
0.007MPa silicone 4 1.1MPa 0.35MPa 0.29MPa  
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4base materiai temporary fixing sheet 4LEO element 5mounting substrate thermocompressior bonding
tool wafer provided witin LEO element on surface thereof  1.A bhohnhor-ebntaining sheet having a
storage modulus cf. 0.1 MPra or more at 25C and a storage modulus of less than MPa at 100C,
wherein. a resin . main component of the phosphor-containing sheet is a. cnosslinked product formed
by subjecting a crossiihkaLde silicone =position containing at least the Lot lowing compositions (A) to
(ID) to ahvdrosilylation reaction.; 2.20 organopolysiloxane represented by an average unit formula:
(R-25.202-)e,         In which Pf is a phenyl group, an. alkyl group or a. cycloafly1 group having 1 to
6cam-kb:aatoms, or analkenyi group having 2 to 6 carbon atoms, provided that 65 Po. 75 Mel I of RI is
pheny'i and 10 to 20 !Ppd. P of RI is an. alkenvl. group, P2 is a hydrogen atom or an alkyl group
having 1 to 6 carbon. atomp, and a, b and c satisfy the relationship cr1 0.5 ..< 0.6, 0.4 b < 0.5, 0c0.1
and a + b =         (B) organopplyslioxane (5 to 15 parts by weight with respect to 100 parts Py weicht of
the component (A)) represented by the general for=1ap PI3SiC(RI2Si0),Si Rd 



in which P.' is a phenyl group., an alkyl Group or a cvolpally1 group having. 1 to 6 carbon atom_s, or
an alkenyl group having 2 to 6 carbon atoms, provided that 40 to 70 mei I of R3  is phenyl and at least
one of R3s is an alkenyi group, and m is an. integer a 0 to 50;         (C) ordanotrisilchanc ;such an
ambdrat that a molar rat:Ho of a. hydrogen atom coucdkfd with a silicon atom in this component to She
total. of the alkenyi droop in the component CAT and the component (2) is 0.5 to 21 represented by
the general formula: (HP.42000) 251R12        in which P..4 is a phenyl group, or an alkyl. group or a
cyclo alkyl croup having 1 to 6 carbon atoms, provided that 0 to 70 =1 )1) of 95) is phenyl; and         (D)
a catalyst for a hydrosilylation reaction (such an amount enough to promote a hydrosilyiation reaction
of the alkpnyl groups in the component (A) and the component (B) with the hydrogen atom cnnpled
with a silicon atom in the component (C) .        The phosphor-containing sheet according to claim 1,
wherein a ohosphor content is 53.by weight or more,        The phosohor-containind sheet according to
claim I or 2, which is used as a wavelength conversion layer of fug LED element.        The
phosphor-containing sheet accord4nb no any claimsto 3, provided with a through-hole.
minate in which the phospho.incon.t.in ing sheet a00e. of claims IL to 4 is ianmated on a odwi. Lb an
LED ea mm  obtained. 



using the  ph osphor-cont.ai fling sheet acnordind to any one of ci.aims I to 4,hisphrhaving a thickness
10 to 1000imn, in. which a di fference between the thickness a center and the thickness at a. middd -
point of a line sedgmen 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 or an LED element .
t.manufacturing a light emitting device comprising at ast the step of bordindosehorntainino sheet
according to any one of claims 1 to 4 to an emission stiffen-of an LED osonent by heating. The method
for madting a lioht emitting device       ino to clasm 7, wher in a temperaturesaid sphor-oon tainino
sheet i bonded to said emission surface of an LED element is 60C r more and 2f O'C or less.        The
me shod for manufacturing a light emitting det ce according to CH. aim 7 or 8, farther comprising the s
ten of cutting  the phosphor containing sheet according to any one at claims     o1 ift iC) Sinqui. a t ea
pi e 110 rein said step of bonding said phosphor-containing sheef to said emission surface of an LSD
elementabyheating i..s a. step ofbonding saicipospelor -containing sheet cut into singuiated pieces to
an LED element by heateing. 



The method. for manufacturing a. light emitting device according to claim 7 or 8, wherein said step of
bonding said plivdpnor-cotaining sheet to said emission surface of an LED element by heatina is a
stem ofbondingsaldphosnhor-containing sheet to a plurality of LED elements collectively by heating,
further comprising the stem of performing cutting of said phosphor-cbntaining sheet and dicing of said
LED element collectively.        The method for manufacturing a light, emitting device according to any
one of claims 7to 10, wherein the phosphor-containing sheet accordina to any one of claims I to 4 is
subjected to holing before being bonded to an LED element. 








