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 desigrzagainst 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 enaisemicanductor materiabfor forming amdii: chips Therefore,lin@xder to obtain
LCD backlight or. white light. for general lighting by using an LED, it is necessary that a phosphor
suitable for NIEEQrchipis/ arrangedion.lthe EERChi.oltlo convertan@mission waveiength.
Specifically method of disposing a yet 1 ow phosphor on an. 1 P: chip that emits blue light, a method
of disposing-&ved 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 ¢kipitHat-émits bitie”light are currently most widely

{0001]
The present invention relates to a fluorescent material
formed into a sheet for converting an emission wavelength of

an LED chip.

BACKGROUND ART
[0002]

A ilight emitting diode (LED) is rapidly expanding its
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.

[0003]

An emission 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 is necessary that a phosphor suitable for an LED chip is



employed from the viewpoints of luminance efficiency and cost of an LED chip. [0004] Patent
Documents | 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 upiforrg. PBI%B ARTDDOQUMI%NTS PATENT DOCUMENTS atent Document 1:
Japanese Patent Laid open' Pablecation No, 200873353687 ©Patént Dodliient 2' Japanese Patent
Laid- open Publication No. 2015-123802: . Patent Document 3: Japanese Patent P ‘ﬂicati on No .
2001102044 SUMMARY ‘OF THE INVENTION PROBLEMSTO'BE SOLUED Bv THE TNVENTION
100061 o1 Themetharl of banding  Bhaspcr sheet fo sk EB.Ain s 2 Mose exceliant,methiod for
stalbilizing color and luminance than the method of using a liquid resin containing a phosphor as

described,above butit includes a problem.of difficulty of machining; There;isa fear fhat cutting for

singulating the phosphor sheet into a size of the LED chip may be cumbersome, and it is necessary zo

previously, perfermdioling:gtan area ofdhephosphor sheet corespondingto an glectrode portion on
the LED chin. Therefore, it is important to develop a phosphor: sheet material having excellent

machinahility.00807Jon a@nithe ethephand it isnessentiat to:imart éackiness-or adhiesiveness in order
no bond The phosphor sheer. 7. 0 the LEI) chH p. For example, Patent Document 1 discloses a
method iNL@He are proposed. Among thesemethods, themethod of disposing

a vellow 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 1 to 3 propose amethod of bonding a sheet
containing a phosphor (hereinafter, referred to as a phosphor
sheet) toan LEDchipas a specificmethodof disposing a phosphor
on an LED 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 curing the resin, and color and luminance of the resulting

white LED can be uniform.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[N



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 boethweaseshefore: curing’and aftercuringnBy. having therdouble:tayered structure,
the layers are functionally separated into a layer containing a phosphor in a high concentration and an.
adhesive layer net’éontainingba 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 temperaturé afeeRét idetitified “and maehirabilitysueh as holing bF tutting béfore bonding is
not. considered. %OOOQI Moreover, Patent Document 3 d idz; C.] 0 (d d composite sheet formed
by laminatiny an ﬁ&r@é%%@%%sphor plate and an adbes lye 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 o%?ﬁéfgﬁeéoﬁ%(?%tteﬁwbefmﬁé% hot GlBar. [[00167 2 - A dEcribed. above, a
phosphor Shﬂ% vytﬂi&hdgﬁ? excellent mad:inability prior to bonding and has an excellent adhesive
property at %ﬁe ime 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 modylus; 9f,0 3:MPaormbre at;23C 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 grasslinkable silicone compast, ti-on containing atleast the following. compositions (PT to
(P) to a hygrosilyiat ion reaction;

[0006]

The method of bonding a phosphor sheet to an LED chip is
amore excellent method for stabilizing 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 that cutting for singulating the
phosphor sheet into a size of the LED chip may be cumbersome,
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.

[0007]
On the other hand, it is essential to impart tackiness

or adhesiveness in order to bond the phosphor sheet to the LED

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



(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, Pfis a hydrogen atom or an alkyl group having 1 to 6 carbon
atoms, and a, b and a satisfy the relationship of 0.5:caB) 0.6,0.4'4b"40.5,0<c<40.1.anda+h
=1 (B) orgabopolysilexane (5 to 15 parts by weight with respect to 100 partsbyweight of
thecadagypnent (A) represenieol by thg generel ismyla; 1o, 311510 (PLZSHMS R3S, in which
P.2 is a phenyl croup, an aFkytI group or a cycpoa yzi]grou’ﬁ)ﬁaviﬁggl 0’6 carbon atoms, or analkenyl

group haying 2 10,6 carbon atoms, provided, that 40 to70,mei % of £.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,ofahydrogen-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: (HR44:31s OD(IHAA2 e r e 11R., Which R4, issar-phenyl group,er an-akkyl 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 fosadiygsosidylaticrreactian ésueh ancapount enpugh-ne promwoic adavesesilyiation reaction
Of toe alkery: groups in he component. (JO and the: cnnpLett. (3) wifh Line hydrogen atom. coupled
Wijrn a ai:icesatomdf:i the icompangsito {CINEEEEGTS QR THEINVENHONesin, the
phosphor sheet hardly attains an adhesive property, and it is
in the form of a semisolid or flexible solid 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 layer 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 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 layer is
specified and therefore the phosphor 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.

[0009]



rcel2! 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 | ight emitting device with a resin
laminated sheet of the present invention: poc higr2 showsa second example of admanufacturing
process of an LED light emitting device with a resin laminated sheet of the present invention. Fig. 3
shows a thirtcexample, of armanufacturing process :of and&D light emitting device with-a..resin
laminated sheet of ths prpstirt invention EY.BODIMENTS OF TIIE INVENTION [0014] A. silicone
resin or an epoxyresindispreferably used=for arphasphor-eontaining sheet (hereinafter,rsametimes
referred to as a "phosphor sheet" simply) of the present invention principally from the viewpoint of
transparencyFurthérmores a Siliconearesinés particulary preferablyusedsfromdthe sviewpoint of heat
resistance. FO0151 As the silicone resin used in the present invention, a curable silicone rubber is
preferred. ARy digtidofm 64 sre-componentliqaié form arid o compererititrid formy e
(three-component liquid form) may be employed. A type of the. curable silicone rubber includes a type
in which a condéfisatiohreaction occurs by amoisture in the air or a catalyst, and this type includes a
dealcoholix %061 té/pe, a deoximation type, an acetic acid elimination type, and a hydrpxyamine
elimnation t ne,lbuLt am. addition cure type in which a hydrosilyiation reaction occurs by a catalyst is

srbfemred. Particularly, an addition cure silicone rubber is more pref rregéi that a by-product
associated with a c%!ri%ngaér}esacdfb%eig r%%op?\?gducc}e%ggﬁﬁ%?aﬁeg By %pﬁri’ﬁ%llg r%ﬁlf, §ﬁ<d’.¥cé}i%8tcan be

easily machinability 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.

SOLUTICNS TC THE PROBLEMS
(00113
The present invention pertains to 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 100°C, wherein a resin
main component of the phosphor-containing sheet is a
crosslinked product formed by subjecting a crosslinkable
silicone composition containing at least the following
compositions (A) to (D) to a hydrosilylation reaction;
(A) organopolysiloxane represented by an average unit formula:
(R'25102,2) 2 (R'S105/5) 5 (R%01/2)

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



accelerated by heating. [00]6] The add" jun 0 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

crosinabl Sicoe Sompesin i sy s, i e oo 2) rqpehsiorame

representggﬁy an average unit formu b)h in

phenyl group, ?Q%a'ﬁylt%r% R-9r. 3 cycloalkyl group having 1.10.6 carbon, atomg, or an glkenyl. 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, RO is.a iydrogen atom or an arr.N1 group havimg 1,10 6,carhon atoms, and a, b
and .satisfy the relaiionshio of 0.5 .((" a0.6, 0.4 b L7(-0.5,0fc.c<0.1anda + b -- (13)

organopolysiigxane(s:1o.15.parts hy-weight with- respeto-10-eart.scby wel gut,gfombe grepresented
hrformula: thRo,
and a, b and ¢ satisfy the relationship of 0.5 < a £0.6, 0.4
<b £0.5, 0Lc<£0.1 and a + b = 1;
{B) organopolysiloxane (5 to 15 parts by weight with
respect to 100 parts by weight of the component (A)) represented
by the general formula:
R73510(R%,510) ,SiR%;
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 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) organotrisiloxane (such an amount that a molar ratio
of a hydrogen atom coupled with a silicon atom in this component
to the total of the alkenyl group in the component (A) and the
alkenyl group in the component (B) is 0.5 to 2Z) 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 6 carbon atoms, provided that 30
to 70 mol % of R® is phenyl; and

(D) a catalyst for a hydrosilylation reaction (such an



WILC P7 is a phenvi, group, an aikyl group oracyc 1 o a.l.. ky.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 a7zabom 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 carben.atemsnproyided-that 3046 70benyld-and 1,1 40) arcatalyst:for,a hydrasilylatlori
reaction (such an amount enough to promote a hydro, a ton reaction of the alkenyl groups in the.
componenty(A) andithercomponent (B) wbmponent (A) and the component (B) with

the hydrogen atom coupled with a silicon atom in the component

(Cy.

EFFECTS OF THE INVENTION
[0012]

In accordance with the present invention, a
phosphor-containing resin layer has excellent ability of
machining such as cutting and holing since the
phosphor-containing resin layer has a high storage modulus at
around room temperature. Further, the phosphor-containing
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 temperatures.

BRIEEF DESCRIPTION OF THE DRAWINGS
[(0013]

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 device with a resin laminated sheet
of the present invention.

Fig. 3 shows a third example of a manufacturing process



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 ¢ ahe (it fined so as to tali withi fahge nn which rho fePuit.ing crossiinl":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 t? pera?il%s 9f. ti}getre@sultpgcross inked rodggt ) insu{fficierlltl and on tge %therthand, when
the content of the phenyl group exceeds an Upper Tiniit of the above rarge. tranSparéhcy of the
resulting cross!inked prhduct i_?sﬁlg}%tpgtrgd\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., muis apipteger ob te 50, and this i$)a fang e within which handling workability is maintained.
while the mechanical strength of the resulting crosslinked prodbct is maintained. [0019] In the
present compasition, 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 ofithegesultingscrosstinked preductyin theigenes_ al iormul
of the., component., R4 is a phenyl croup, or an alkyl group or a cycloalkyl group having 1. to 6 carbon
atoms. Exanmples of the-alkyltgroup of Bhimelude.amethy: greup, arrethyl.grosps afpropyldgroup, a
butyl group, a pent yl. group and a heptyl group. Examples of the cycloagkyl. group of PP include a
cyclopentylgregp andaheyoidhiebtyligretip. iniaddition, te content ebthietphenytigrowpof 11.4 isin a
range cj: 30 to 70 molt. This range of the content of the phenyl group is a range for achieving adequate
softening Bf-theGeBditing crossl inkedprodaet atelevated terhperatifids and for hdiftiring

transparency and mechanical strength of the resulting crossiinked product. [0021]
a'silicone resin 1s particularly preferably used from the

viewpolint of heat resistance.
[0015]

As the silicone resin used in the present invention, a
curable silicone rubber is preferred. Any liguid form of a
one—component ligquid form and two-component ligquid form
(three-component liquid form) may be empléyed. A type of the
curable silicone rubber includes a type in which a condensation
reaction cccurs by a moisture in the air 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 addition 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 assoclated with a curing reaction is not produced,

shrinkage by curing is small, and curing can be easily



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, i OTR £ gunlend with a s 11 2 one atom In the component ( C )Cramp 1 a s of
Coe comp os tion (B | no | utio o plati run- based cat a. | ye t, rhodium-based catalyst, and a pa 11
ath UM-basgegcatalyst ,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-aciids analeahel solution.of chloreplatinic acidea piz aceinwm=apkienyl_si
:‘Logone complex, a platinum-olefin complex, and a platinum-carbonyl complex, and a
platinam-aibbnyisitotkiants complexiis particutariyopreferred. aramples ©f such alkenytsilexane include
3-diviny1-1,1, 3, 3-tetramethyldb siloxane, 1, 3, 5, 7-tetramethy1-1, 3, S,
d-tetravinyleydietetrasiioxaney alkenyisiloxanées formedioypsulsstivating &t ethyl groupiacphenyl group
or the like for a part of methyl. groups of these al beryl siloxanes, and aikenyls iloxanes formed by
substitutingcarmaty: Growp 2at hexenyEgroly or #helike foi'a Vingl grobipsTtbbsealkerivt sié ®xbmbs.
Particularly, 1, 3-di viny1-1, 1, 3, 3-betramethyldeoxane Is preferred since the stability of the complex
of this alkeRyISBiBXane WiR platiium d'gocd Further Lt s preférfed t’add afkengigiloxdne such. as 1,
3-diefinyi: 1,1, 3, 3-tetramethyldisidoxane, 1, 3-d, 1, 3Lrame Thyi.si. |.oxa.ne, 1,3-diminy1-1,3-dimethyl
1,3-diphenyidisioxate, 213-dvinyA- T, 1° 3-tetdophemyidt’. S5 a2n and© =055+ ket

product formed by subjecting a crosslinkable silicone
composition (hereinafter, the present composition) containing
the following compositions (A) to (D) to a hydrosilylation
reaction.

[0017]

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

(R'28102/2) 2 (R'S103/2) 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 phenyl and 10 to 20 mol % of R' is an alkenyl group, R” is
a hydrogen atom or an alkyl group having 1 to 6 carbon atoms,
and a, b and ¢ satisfy the relationship of 0.5 < a £ 0.6, 0.4
<b <£0.5, 0<c<0.1 anda + b = 1;

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

9



,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 |ﬁet%g) %‘fi&ﬁ@%ﬁﬁﬁ%%én%% ferms gfef?r%ﬁgs%%ﬁifjnfaffﬁgrrrhor@glif%ergb@7)6.&1t ?g 100 ppm,
and particgljarly}pgeée&ggglyd()iO]ﬁgoﬁgggpjm. 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 abgve-mentionedcomponent (A) to component. (D), and may additionally
contain., as an optional component, a. reaction. inhibitorsuchas alkyne alcohol, for example,
ethynyihexanoi, 2-methyir3+butyne-2-oly 3:5-dimethyki-pexyne-3-01, and - 2-pheryl-3;butyne-2-01; on
enyne compound, for examoie, 3-it ethyl-2-penten 1 -yne and 3,5-dimethvi-3-bexen-1.-yne; and
7-letramethyl-4 3 5.7 itefraviny icy iaieasiloxane,zl;8/m2= to trametnyln 123, befrtetiahexenyi cyclote t
ras ii pxane, and. hen7otriazole. mhe content of the reaction. inhibitor is not particularly limited, and it
is preferatiy in.rayrange of 1t 3000 ppmnwith respect taithenweight of ¢he preséntcampgsition. The
storage modulus of the resulting silicone resin can also be adjusted by adjusting the content of the
reaction :Inhibitoe[0025;nd a1t issalsd possibleftoradd asdispersantorya. 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 surfage 6 the'plesphor-contdining 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 preseRtmbention that AstoFalge mModans 8t the phospAvt shieetérived 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 ModUitisid More Brhé&fePahly 0.5 MPa of more”mhéreeferably O Ma B More,

furthermore preferably 0,7 MPa,or more, and paticularly preferably 10 MPagrmore

alkenyl group in the component (B) is 0.5 to 2) represented by
the general formula:

(HR%,510) ,S1R%,

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 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-mentioned composition

1s a silicone resin which is useful in implementing the present

10



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.ising .1 n re.aching 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)rangrain characterisof the numieriakis.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 @ material to=dynamic strairs at each:temperature, this-isrclesely. relatedtotrhachinablity.
and an adhesive property of a mat [0028]

resulting crosslinked product has sufficient hardness at room

temperature and an enough degree of softening to implement the

present invention at elevated temperatures. In the general

formula of the component (B}, when the content of the phenyl

group 1s 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 possibility that if this

component does not have an alkenyl group, this component is not

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 range within which handling workability

is maintained while the mechanical strength of the resulting

crosslinked product is maintained.

[0019]

In the present composition, the content of the component
(B} 1s 1n a range of 5 to 15 parts by weight with respect to

100 parts by weight of the component (A). This range of the

content of the component (B) 1s a range for achleving adeguate
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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

softening of the resulting crosslinked product.
[0020]

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

is a phenyl
group, or an alkyl group or a cycloalkyl group having 1 to 6
carbon atoms. Examples of thealkyl groupcﬁfR4includezamethyl
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 adequate softening of the resulting
crosslinked product at elevated temperatures and for
maintaining transparency and mechanical strength of the
resulting crosslinked product.
[0021]

In the present composition, the content of the component
(C) is adjusted to such an amount that amolar ratio of a hydrogen
atom coupled with a silicon atom in the component (C) to the
total of an alkenyl 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 crosslinked product.
[0022]

The component (D} 1s a catalyst for a hydrosilylation

reaction for promoting a hydrosilylation reaction of alkenyl

12



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 phcspltor 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 temperarsure is preferably 60C armonedn-osfdertoattain a ractic adhesivefroperty.
When such w ph.osphor sheet is heated h.igher than 00C, the s.torage modulus is further dased the
bon.d.ino peupeftyds magde betterzexceeding zd ca problem of thermah expansion/thermakeontraft.i or
or thermal decompz)si t tor of a resin generally tends
of the composition (D) include a platinum-based catalyst, a
rhodium-based catalyst, and a palladium-based catalyst, and a
platinum-based catalyst is preferred since it can significantly
promote curing of the present composition. Examples of the
platinum-based catalyst include a platinum fine powder,
chloroplatinicacid, analcohol solution of chloroplatinic acid,
a platinum-alkenylsiloxane complex, a platinum-olefin complex,
and a platinum-carbonyl complex, and a
platinum-alkenylsiloxane complex is particularly preferred.
Examples of such alkenylsiloxane include
1,3-divinyl-1,1,3,3~-tetramethyldisiloxane,
1,3,5,7-tetramethyl~-1,3,5, 7-tetravinylcyclotetrasiloxane,
alkenylsiloxanes formed by substituting an ethyl group, a
phenyl group or the like for a part of methyl groups of these
alkenylsiloxanes, and alkenylsiloxanes formed by substituting
an allyl group, a hexenyl group or the like for a vinyl group
of these alkenylsiloxanes. Particularly,
1,3-divinyl-1,1,3,3~tetramethyldisiloxane is preferred since
the stability of the complex of this alkenylsiloxane with
platinum is good. Further, it is preferred to add
alkenylsiloxane such as
1,3-divinyl-1,1,3,3~-tetramethyldisiloxane,

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

ot
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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_fiichH 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 coniained i the phosphio sheets g cyred resin. \Whena fesin i i an themstate

1,3-divinyl-1,1,3, 3-tetraphenyldisiloxane and
1,3,5,7-tetramethyl-1,3,5,7~tetravinylcyclotetrasiloxane;
or an organosiloxane oligomer such as a dimethylsiloxane
oligomer to the complex since the stability of the complex of
this alkenylsiloxane with platinum can be improved, and it is
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 enough to promote a hydrosilylation reaction
of the alkenyl groups in the component (A) and the component
(By with the hydrogen atom coupled with a silicon atom in the
component (C), but 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 adequately
crosslinked and a problem of coloring does not arise.

[0024]

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

2-methyl-3-butyne-2-o0l, 3,5-dimethyl-1-hexyne-3-0l, and
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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, geegn and blue, Thereby, a part..of light edreled. from thg.LIR ghipIssmixed with. a part
of ligrt amitted from the phosphor Co Plain an LED cf multiple co'l.00 including a. white color. [0031]
The phosphordeseribed;abeve includegrvarious phosphorsesuchiasia phosphar-emitting:green light, a
phosphor emitting blue light, a phosphor emitting yellow light, a phosphor emittinglight and. the like.
Specific exdifyges of the: phosphor/used in, the presentdnientionyinclude : krowriphaspdiors such as
organic phosphors, inorganic phosphors, fluorescent pigments and fluorescent dyes. Examples of the
organic phosphoers include allyistifoamide: melamineforaiaidenydecco-condénsation dyes and oerylehe
phosphors and peryiene phosphors are preferably used since they can be used for the long tetm. The
fluorescent 3tiBstanté paftictiarhfpreférably tsé6 1A thé présertinvention int7ades-inorganic
phosphors. Hereinafter, the inorganic phosphor used in the present invention will be described.
LOC327 "Exdrfiples of e pHosptior efittiig Green lighfirdiae SrAROUES, 17951805:Ce" Th,

ili e, .d:Ea. , Ca, la2.54:Eu. [0033]
MgAIlIkkkpCi etrgpSSJé%légrg %?ﬁgnge(gygg%t (t)irclje (t)’];x'é}/lgng{iggg aélg BE%)eC apresegt[ )

composition. The storage modulus of the resulting silicone
resin can also be adjusted by adjusting the content of the
reaction inhibitor.

[0025]

It is alsopossible to add a dispersant or a leveling agent
for stabilizing a coating film as an additive, or an adhesion
ald 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]

It 1s 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 25° and is less than 0.1
MPa at 100°C. The storage modulus is more preferably 0.3 MPa
ormore, more preferably 0.5 MPa or more, furthermore preferably

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

peed
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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

yuiunEgaigury lumiym oxide phosphor ANAIe i 2t east cerum (s0-ce d ThGDased

£ 3 e . LS Di\
phosphor). Specifically, in, n east one selected from amon an

Minc_:ludes(ﬁt deast either.Ai- or Ca, and.E is,a "_!%!gﬂarﬂ%igfb%?@?ﬁ’}@@@ﬂ'%é@%k%% P:Gay)5012:E.
GE is at least one selected from Co, Th, Pr, SirG Ea, Dy and Ho, and 0 < Ex < 0.5, 0 <y < 0,5) can he

used. [00354e r = rExamples ofthe phospher-emitting red-light.include, Y.202%:Euy, La202&:Etly
Y2MO..iEa, and Gd.202S:Eiii [00361 Further, Examples of a phosphor emitting light compatible

with a blueskED which ois-currently mainstream include TAG-based phosphors such as
YG(AI,Ga)5012:Ce, flif.,Gd)3Alimgh:Ce, LUBA1E,ME12:Ce and I3AGE.012:Ce; TAG-based phosphors
such as TilIAEMDmICe; silicate-based phosphors such as (BaySr3SiO4:Eu phoslai(P phosphor; Itric
based ohosliGn as (Ca, :Etand C
The storage modulus referred to herein 1s a storage
modulus in the case of measuring dynamic viscoelasticity. The
dynamic viscoelasticity is a technique in which when shear
strain is added to a material at a certain sine frequency, shear
stress arising in reaching a steady state is broken down into
two components, a component in phase with the shear strain
(elastic component) and a component 90° out of phase with the
shear strain (viscous component), and a dynamic characteristic
of the material i1s analyzed. Herein, 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 to dynamic strain at each temperature, this is
closely related to machinability and an adhesive property of
a material.
[0028]
The phosphor sheet of the present invention has
machinability with & high dimensional 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

periphery of a machined portion in being subjected to machining
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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 p3olsphors 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 sizesinawhich. 050is 2-amiakless:is more preferred. iHerein D50 refessito a:- partdediameter
ah a la ercent passl. nq from the small carticle-size s etiol e si

temperature (25°C), in which a fast shear stress is applied.

An upper limit of the storage modulus at room temperature 1is

not particularly 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

sheet to an LED element. Further, since the storage modulus

is less than 0.1 MPa at 100°C, the phosphor sheet is guickly

deformed to conform to a surface shape of an LED chip when the

phosphor sheet is heated and bonded to the LED chip at a

temperature of 60°C to 250°C and thereby 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 a temperature 1s increased from room temperature and a

bonding property of the phosphor sheet 1s made better with

increase in temperature even below 100°C, and a temperature is

preferably 60°C or more in order to attain a practical adhesive

property. When such a phosphor sheet is heated higher than

100°C, the storage modulus 1is further decreased, and therefore

the bonding property 1s made better, but at temperatures

exceeding 250°C, a problem of thermal expansion/thermal

contraction or thermal decomposition of a resin generally tends

to occur. Accordingly, a preferred temperature of thermally

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

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

43
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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 enhancfqugif?a%?;%)%n% aﬁygiI;IJ,erPILilneit.(%1c tpg %@%SPP% fglr;%%r&}g rbo.t @@{ti /H)Igrlgrlimitedé but the

pre X >
content is prefer y weight or less, more prefera by weight or Iess,n?ﬁ)r{hermore

preferably 852 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] o rThe phosphor sheet.of Ehﬁ%@%%mvﬁgtmi%Q%H%%QX 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

phosphokshegetsis in:the-above:mentiopedirange -an LED-light-emitting.device exb:ibjting excellent
performance can be obtained. [OCA21 The thickness of the phosphor sheet of the present
isticf.phosahorscorgent e Vi

[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 phosphor sheet, in
consideration of the ability of the sheet to be handled or to
be stored as described below, the contained in the phosphor
sheet is a cured resin. When the resin is in an uncured state
or a semilcured 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 from a proper
range. Inorder toprevent deteriorationof the storage modulus,
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.

[0030]

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,
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ilify as descr :131100:_. OILCIC even in a large 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 | 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

orange, yellow, 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.

[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
emitting red light and the like. Specific examples of the
phosphor used in the present invention include known phosphors
such as organic phosphors, inorganic phosphors, fluorescent
pigments and fluorescent dyes. Examples of the organic
phosphors include allylsulfoamide-melamineformaldehyde
co-condensation dyes and perylene phosphors, and perylene
phosphors are preferably used since they can be used for the
long term. The fluorescent substance particularly preferably
used in the present invention includes inorganic phosphors.
Hereinafter, the inorganic phosphor used in the present
invention will be described.

[0032]

Examples of the phosphor emitting green light include
SrAl,04:Eu, Y28105:Ce, Th, MghAli1015:Ce,Tbh, SrsALl20,¢:Eu, and (at
least one of Mg, Ca, Sr and Ba)Ga,S;:Eu.

[0033]

Examples of the phosphor emitting blue light include



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 | 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 envl ronment. in which a large amount at heat is generated in d
small space, and particularly in the case of a high power 1.15D, heat generation is remarkable.

Atemperature of the phosphor js raised by such _heg'g eneration and hence the luminance of the LED
is reduce(i%iﬁi’I%(E:-‘)rcgai}o?*é:?,i it’f"’suifnpg()%tra%;ﬁ ho t@ rélease the ge eiaaqg%l hea %ijt%t{;ﬁﬁ’éllénc 7 In the present

invention, a.sheet having gxcellent heat resistance,can be aftdined by setfing the thickness of a sheet

¥4

to the above-mentioned rangé* Fufther, when the sheet thickrdess'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 @ 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:713@ (1999)'Plastics » Filphand sheeting; Determination of thickgess by
mechanical scanning (21)", and calculating from the following equation, [00461 More specifically,
using measuremeat eangitions of ~Reéterrminationxafdhickness by mechanical sganning (A)", a
thickness is measured with. a commercially available micrometLer such as a contact type thickness
measurementsghoatatosa difference bea todme. m vglao-erlauminim= valuéandarsphor

activated with at least cerium, an yttrium-aluminum-garnet

oxide phosphor activated with at least cerium, and an

vitrium-gallium-aluminum oxide phosphor activated with at

least cerium (so-called YAG-based phosphor). Specifically,

LnsMsOi5:R (Ln is at least one selected from among Y, Gd and La,

M includes at least either Al or Ca, and R is a lanthanoid-based

phosphor) and (Y;.,Ga,)s (Al ,Ga,)s0:2:R (R is at leaét one

selected from Ce, Tb, Pr, Sm, Eu, Dy and Ho, and 0 < Rx < 0.5,

0 <y < 0.5) can be used.

[0035]

Examples of the phosphor emitting red light include
Y,0.,5:Eu, Laz0,S5:Eu, Y,0:3:Eu, and Gd;0,5:Eu.

[0036]

Further, Examples of a phosphor emitting light compatible
with a blue LED which is currently mainstream include YAG-based
phosphors such as Y3(Al,Ga):0,:Ce, (Y,Gd)3Als0:,:Ce,

LuszAlsOy;:Ce and Y3R1:04,:Ce; TAG-based phosphors such as

Th3AlsOy,:Ce; silicate-based phosphors such as (Ba,Sr)35104:Eu
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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 wilhbe; geseribet 1naddition, the fellowing deserietionsis just anexample zand 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-asia “siicone resinsincludingsa phospharcdispersed: therein.for preparing
a sheet") is prepared as a coating solution for forming a ohosdhor sheet. The silicone resin including a
phospinc:dispersecithéereinforpreparinga sheéeticatibe; prepared: by mixing the phospharcand a resin. in
the case of using an addition cure silicone resin, since a curing reaction. can he initiated at room
temperaturé ifci cempoand tonfaining an Nikenyhgroupccolipted withaa Siliconiatoni is mixed with a
compoundcontaimmingahydrogenatomcdmpledwithasillcmfatom, a delaying agent for a hydrosil lation
reaction suEA asidiracetylenécompoind can atse be furthercotpbunted wiftthe silicone resin
including a. phosphor disperbed therein for preparing a. sheet to extend a pot lifeit is also possible to
mixadisperé“arihgf‘I)HQIéi/@Ii]ng agent for stabilizing a: coating filg. as an additive, or an adhesion aid
such as a S;L,IS%BQ% ,ge?upling agent as a. modifier of a sheet surface in the silicone resin including a
phosphor d sed therein for preparing a sheet. Further, it is also possible to mix, as an anti-settling
agent, alumina partzggrlt%s, siljacr?eps%rticl sor siliconelp#ti_%%ssin the silicqrne resiang Iuging a phosphor

e
dispersed therein for pr%%arlng a sI‘Ié%?iBMEI]S’ neces%grf I&)Cr)%?akcfﬁgs flowabili yaa“ﬁﬁfopriate, a

I I forn luti \ ' ly limi I [
solvent can 3l50 be added toform a. 5ol 9%%%%&;?@%@%5%%%9?{ ly limited eS%%%Q“ can

adjust the viscosity of a fluent resin- Example ude toluene, methyl ethyl ketone,

methyl isolqutyl ketone, hexang-acetone  terpinepl; and the like. 050, ; ,  These components are

blended so as to have a predetermined comppsiltien, and :hen the result ant is une formly orwith a
mixer/kneademnsuch 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 includ 3 nga nlso spho r di sparst. ha rei ii
for preparing a st.uZectAl terdnpxidre:/eiseersing nof ir-the precess op mbdagidispersing: deaeration
isalso preferably performed in a vacuum or under a reduced pressure.

depending on uses or a desired emission color.

[0039]

A particle size of the phosphor is not particularly

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

is preferred, and a particle size in which D50 is 3 um or more

is more preferred. Further, a particle size in which D50 is

30 pm or less is preferred, and a particle size in which D50

is 20 um 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 size

distribution obtained by measuring with a laser

diffraction/scattering particle size distribution measurement

method reaches 50%. When D50 is within the above-mentioned
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[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
Parllgar 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 th or,sheet, the silicone resin,is preferably applied with a ;[[1t die cater.
Fuﬂhenthepé%é;%gggégl ?%%; cﬂ§{%e Rhos%hog1{1€Rgé%%m¥gxn”§%4gt 1

heet 0 pryesent invention can also be prepared. by using a pri%ting method

such as sgreen printing,; gravure crinting, planagraphic 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 efa temperature 100€200€,and a heatiing ting 2-mindtesdg3hours. [0053] The
base material is not paly limited, and film, glass, ceramic, paper or the ike can be used. Specific

examplespofdtie base mnaterial inelkuderplates:os feils af, raetat steh asaluminus fineluding a' uminum a
copper andiron.; fi.l irs of plas ri.cs such asulose acetate,

1

or more, and moreover preferably 60% by weight or more of the
whole phosphor 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. Inaddition, anupper limit
of the phosphor content is not particularly limited, but the
content 1s 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. 1In this case, since the content of the
phosphor in the phosphor sheet is in the above-mentioned range,
an LED light emitting device exhibiting excellent performance
can be obtained.

[0042]
The thickness of the phosphor sheet of the present

invention is determined by the phosphor content and desired

N
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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 themy { | exibiefilm-like-m.aterial-5 are pre (the-hase material, -forviewp-aint,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 ordefi ko 3vold possibility-of 19 intheniling:the Hilm+-like hase: matetial 4 istpreferred.from the
vier,,coinheabove-mentioned required character.i.ssic.s and economit efficiency, and among resin
films, a PET film isireferred from sheanewpoints:of economic efficiency-and haadling.s\When an
elevated 7e.mperat re of 200C or more is requiren in curina a re-'and mg the phosphor sheet toLED, a
calyimide filmyreferred ffompthesent 1nvention is excellent in light-resistance

even in a large 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 200 pum or less, and

moreover preferably 100 um or less from the viewpoint of

improving optical characteristics/heat resistance of the

phosphor sheet. When the thickness of the phosphor sheet is

1000 ymor less, light absorption or light scattering by a binder

resin can be reduced, and therefore an optically 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 (1999) "Plastics - Film and sheeting
- Determination of thickness by mechanical scanning (A)".
[0044]

The heat resistance refers to resistance to heat
generated in the LED chip. The heat resistance can be 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 reduction in luminance at elevated temperatures.
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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, huta _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
ght emitt ng.deviceln the preswhen _fle phosphor sheettided to an LED element, the sheet is
bc)inc-jed %%q].gr. heating. A heati....q temperature is desirably 60C or more less. By settitagthe
heatitigteéuratdré to 60Cormore, resim design for Hnereasin.qthe daffereuce in elastic=illiu-, between

roam temperiiture aad &, heddingdemperaiys s epsihy mades Earther, by seting ffje hegting
temperature to 250C or less, the accuracy of onding can be improved since thermal

expansion/fiesmal gontiaction efthe basemateriat.and the phasphor shset.can b geducedLocation
rly

accuracy of bonding is important particularly when the phosphor sheet is previously subjected to holing

and aligned with-a, predetermined.portion oncthe LED-element. itzis more favorable to bopd the
phosphor sheen at a temperature of 150C or less in order to improve the accuracy of bonding.

Moreover; i isfreferraeitbat stressygieain is:net produced hetweenrthe phospbarnshest and the LED
element in order to improve, the reliability of the LED light emitting device in accordance withithe
present inveatiogeThetrefore; the danding:temperatute.isrmaintained=at. the vicimigy-ofanioperational
temperature of the LED light:emitting dev*.e, and preferably within a range of the operational
temperatiresptes or minus 20€. Attemperature of the ZED kghteemitting device isihcheased to 80 to
130C in. lightmqup. Thus, the bonding temperature is preferably 60C or more and 159C. or less in
order to bringithe bpérstiomartegiperattie close tothelbyorrding temperatutecActerdimgly, the

characteristic. of the phosphor sheet designed so that a storage modulus is adequately decreased at
1OOCiShﬁ58ﬁéﬁ@nt heat resistance can be attained 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 conseqguently
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 preferablywithina 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 (A)", a

thickness is measured with a commercially available micrometer
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[PO561 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 sheetrintossineulated-pieces,and thenbendingthe singutated pigcesy alip; chip bonder can
be employed. The phosphor sheet is bonded with thermocompression bonding tool having a heating
area of abouu 100 ram-squarevin <ollectively bondingthe sheet taan LED element efradwafer level In
any of these oases, after the phosphor sheet is melted and attached to- the LED element at elevated.
temperatures’by heating, the phosphot sheet isileftistgnding-to bes cooled 16 roomttemperature, and
the base material is pE.:eled. By having a relationship. between a. temperature and an. elastic
modulus liké thepresenpinvention; the phespheidsheét, wikichihas bedrs feft staifding ahdscodoled to
room temperature after thermal. fusion bonding, is allowed Co be peeled off easily from the base
material whilé fiffy Keeping the ph 65pRom sheetin-absciare tontact with'thie 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 include&’d Method in which the phosphor sheer is previously cut into singulated pieces orlor to
bonding to an LED e@ment, and then bonded to a separate LED, and a method in which the phosphor
sheet is bonded to an LED' &f 8mént of a-Wafet levi [, an éﬁ?&&ﬁ%‘fﬂeﬁ%]%fﬁe&iéing of the wafer. In

the case wrgare th% phosphor sheet is prgviougl}/ cut prior to_bondigg of the sheet, a p?hosphor sheet
uniformly formédis mAchined into & predétermined shape by faSer [ena hiachining of cutting by a

blade, and the,machined fil-tosphorsheet s divided.;The laser beam machining s 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 desirablerIn-qrmic toimp,rove machinalaility-in.cutting with %}béag%ikss?\éeryamgrtant thata
storage modulus at 25C of the phosphor sheet is 0.1 MPa or more. A meLhod of cutting with a blade
includes a simple methed, of pushing:a.blade in.an-pljeet; and-amethod of cutfing with-g4etary blade,
and both of them can be suitably used. As an apparatus for cutting with a rotary blade, an aoparatus
referred to as a dicesnwhichds ssed fareutting (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[Byodifple 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 or:thecbaseimaterialris oar,ithe phasphepsheetshay becsingllated-togethier with the
base material., or the Ease material nay not be cut while the phosphor sheet may be singulated.
Alternatively, affe base =térial may eesabjéeted to the sodehl el talf-cltsin WHiek d@lcut in not
penetrating is made_ The phosphor sheet thus singullated is melted and attached to a separate lib;fl1
chip by h eRi£fi hor-PAn 8X.ahfele bt the st&sBFsiRgulation/boRetifig of anflEDRIsmeaAtIdiging in the
case where the phosphor sheet is singulated with the base material is shown in Fig. 1. The step

Shown in Fiy. 2 Ackides thestép bf dutting e pRGSPor-Sheet info'SiRguldtetpietes and'the step of

bonding thew%q%pgor-ggrslta}ipgrllgisgh%eltsouetggtg CFI%’] uallateedspiec S 8t?eaanI%l%)ee[errl]feenfteb rhee ting. Fig.
11(a) is a view §howiﬁg a stafe’in which the phosphor sheet T laminated on a base material 2 of the

present invention. is fix temporary fixing,sheet 3. In the step shown in Fig. 1, since both of the
phosphor shee’fi I% a%nd %r?ei%gsoé% ?né:t%rié hépeg%ilrl:(gﬁfé({}ea, ?r?é% SI‘?%Pgﬁh%? S5 Ss%egtill’ti%gefig(gé to the
temporary fixing sheel.3 inorder o ha ndie easily. Next, as:shawn in Fig, 4 0s2)  thephasphor sheet 1
and the base material 2 are cut into singulated pi eces. Subsequently, as shown in Fig. 1 (c) , the
phosphor sheet,]; and the,habe material-Z respectively 15,{’&}!@99‘(3%%3"59[@%@1@% 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 Fighl.s(e) o Inthistime.pressbending.is preferably.perfermed inavacuyun ok upder a
reduced pressure in order to prevent air from being involved between the phosphor sheet 1 and the
LED element4 rAfterpress-bonding; the- phesphor:sheet 1 isleft standingto be cosledtoaroom
temperature, and. the base material 2 is peeled as shown in Fig. 1(e) [U059]

addition cure silicone resin, since a curing reaction can be

initiated at room temperature 1f a compound containing an



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

clombnt by eaog. 1nan ampln o e step shawn I Flg-2 Mhe base malerig 2 s not singulated in

singulatina the phosphor sheet 1. ‘a rot. in the step shown in Fig. 2 (0) . In. Fag. 2 Po) , the base

material 2is ot cutiat @l butthe base material, 2. may Bsﬁﬁf@@lw% as.long as,itis continued. Next,

as shown in El p. 2(cl, the singulatmd phcispMom sheet 1.L. is opgmEgivil to a wafer 7 provided with

an undiced H:ginlginent ondhe surface thereof, and alkigind-with thmwafer 7 n the step shngidi in
Fig, 2(d), the phosphor sheet. ) is press-bonded La the wafer provided with an undiced LED elememt

on the sutface theseef by-using athermoecompressicny bondingdesk i this ime; eressHeonding is
mreferably performed in a vacuum or under a reduced pressure in or des to prevent air from being
involved betwéenitke phespharrsheet 1 rand:theld=D etemernit<h Aftet press=-bendingothe phosphor
sheet 1 is left standing to be cooled to room temperature, and the base material 2 is peeled as shown
in Fig. 2(ebramd:thenthe waferis diced 16 besingalated!to fobtaintan 1kl yelemeptwilhtlini'singulated
phosphor sheet, as shown in Fig. 2(1). {0001 When the singulated phosphor sheet is melted and
atitachiiMeéllgétive]d Teran smdiced FED-elemient efianafdcievel by heating sthedphiospher sheet may
he cut together with dicing of the LED element wafer after bonding. Siiniun dicing of the wafer is
carried out by te apovifentidfed dicer artlésridimicots Sueh &S rumbér BFrofitiohs BF cutiLing
seed at the time of cutting is set to ootimum conditions ofcsittinpa semiconductor wafer, it is difficult to

set the conditiohs 4t the Tiié of Chttig  SPtimimebhtitionsto dutthé phoSpHGr Shset but

including a phosphor dispersed therein for preparing a sheet.
Further, it is also possible tomix, 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 is
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 isobutyl ketone, hexane, acetone,
terpineol, and the like.

[0050]

These components are blended so as to have a predetermined

composition, and then the resultant is uniformly

mixed/dispersed with a mixer/kneader such as a homogenizer, a
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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 & wafer & providedrwith .an-undiced 144G .element on the sydace thereof with the side
of the phosphor sheet | opposed to the wafer 7 as shown in Fig. 3(a). Then, as shown in rig. 3(h), the
phosphor sheet:k is:presszbanded to the wafer 7<provided withran: undiced: LEDelement on rho
surface thereof by using a theimcompression bonding tool. In this time, press-bonding is preferably
performed ima vacuum or phderca:reducedopressure incarder td preventrairfrombeing involved
between the phosphor sheet 1 and the LED element 4. After press-bonding, the phosphor sheet 1 is
left standing 16 be tosledtd tocmatemperatare Land theobase matefial is peeled as showa in Fig.
3((d, and then the wafer is diced and at the same time the phosphor sheet | is cut to be singuiated to
obtain anLED@Rhenitwith the s1AgtiatedpRosphdtsheet 2 shown irY Fig 3{d) J006TEh 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 predertt ivttlicPs B&5ided -ho an LED eiemen' electroit is d s if a 'f orm ha linc (form a
thrbin-noatc;a& qr?gphc-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 Q\%Q& hg%gug? m{g@%agg@. m%%\%sgilr%bleﬂsi_nge éh%icjapecgibqeag}rsngghi a
causes scorch of a resin. or egra&aﬁlon of phosprhor. en pL?né‘hﬁDﬁgﬂ i§ essential to per: orm
puncmng'@%gQEHF?EHQSB@gbaring a sheet is 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, an offset gravure coater, a reverse roll coater, a blade
coater, a kiss coater, a natural roll coater, anair knife coater,
a roll blade coater, a baribar roll blade coater, a two stream
coater, a rod coater, a wire bar coater, a coating applicator,
a dip coater, a curtain coater, a spin coater, a knife coater
or the like. 1In 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, planographic
printing or the like. When the printing method is employed,
screen printing is preferably used.

[0052]

A sheet can be dried by using a common heating apparatus
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fnot be performed after bonding the phosphor sheet to the LEE element. In bun "rig by able, a hole
shape and an iisizeealLade 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 gextain size arid tis size s atast aout (11 1.7, Size, pithe fig _ is aboyt 50 larger than
that of the electrode, the emission. surface is exposed. to cause}iigntﬁleaf(age, and. therefore color
charhcterigtes o andde light.emiting. davigeue o eforated Furtler.when lhessize af 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 necessarnydomachine aholeywhich is as
small as 50 .tim or more and 500 pm or less with high precision within plus or minus 10% in holing,
and thbrbfere; it js veryrimportant for impraving the: pregisien- ef puaching that a-sterage modulus of the
phosphor sheet at 2.5C is 0.1 MPa or more. [00621 When the phosphor sheet having undergone
cutting and memiing is aligned:with a-presetermined pertionootthenls D-element andids hended to the
LED element, a bonder having an optical alignment mechanism is required__ In this time, it is difficult
due to thematurecoft theboperat ion teralign:thé phasphonsheet withethedrkED elementdnn asstate of
being closely-situated, and It is practically often to align the phbsphor sheet with the LED element with
the phosphershiest slichtl y ¢oritacting’the’CEBrelememta ni this tinves .iRtheiphosphor sheet has
tackiness, it is very difficult to move the phosphor sheet in a state of being in contact with the LED
element. it @é&drdance 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 6I9&scpjﬁbr sheet. does not have tackiness when alignment is. performed. at room

temperature. C 4 . P
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 include plates or foils
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, polycarbonate, polyvinyl acetate and aramid;
and paper having the above-mentionedplastics 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 thereon. 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 base material
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(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 tensionof the liguidoesin:-suppliedcit isdifficalt tofermalinifermthicknesso kurther; injaccordance
with the phosphor sheet based on design of an elastic modulus range according to the present
invention, itbecomes pessible to-reduee the thiekness oftherphosphor sheetsince the.phosphor nhoet
can be machined with high precision. compared with conventional phosphor sheets even when the
phosphor iss loaded tat highrcontentrations.sSpecifically caccording-tocthe presentinvention,fa light
emftfing device obtained Ify disposing, on the LED element, a phosphor-containing layer having a
thickness 0f 1646 1000 mm: Iich-which acdififererce between thetthioress afacenter and the
thickness at a middle point of , line segment drawn from the center to an erhinfory point :it an end of
the emissiohSstHaée i preferavivithl aStarpe 6f tHe thiekiesE atthie Eanter plus 8 miritis S% and
more preferably within a range of the thickness plus or minus 3%, is manufactured_ Herein, the center
on the LED 18mient réferstoa point of itersectiohoftwo didgomaf ffessSinéean. LEB element amiss
on surface is rectangular, and a, middle point of a line segment drawn from the center to an end of the
emission sﬁrfgcgeiis%%gh a8 athitidie point befWeen the centerand the’énd R tHE bresent invention,
the difference in thickness between the arbitr%éy middle Point and the center can ?g gi&l@ip arange of
Y

plus or minGis 59 ‘Kibre’ p?élf%r%ﬁ/%ﬁenaiﬁerg @éliﬁ_?h?c]kﬁggg Eﬁntf%ﬁ%ﬁﬁﬁél% us or minus
3%. EXAMPLES =647, . Hereinafter, the present invention will andgeﬁgébﬁ%%%mgg%%@nIb.ywaycf

examples. However, the present invention is not limited to these examp ] <Silicone Resin>

Components;for compounding:a silicone, resin, Resin-main camponent (mevis102,c)u,a(Ph25i02/2)n.;
(Phs-io, D,(HOLonpci (average composition, corresponding the ccmoositich (A))

viewpoint of heat resistance. The base material may be

previously subjected to release treatment of a surface for ease

of releasing a sheet.

[0054]

The thickness of the base material is not particularly
limited, but a lower 1limit is preferably 40 ym or more, and more
preferably 60 pum 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 conversion lavyer, and used as
a light emitting device. In the present invention, when the
phosphor sheet is bonded to an LED element, the sheet is bonded

under heating. A heating temperature is desirably 60°C or more

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



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-mepfigned cypauets fof compgunding.a sicons fesinsgas g.cormespond to the present
composition” in the present Specification, and mmercialired products were use for silicone resins 3

and 4 useddn examples; 5 Siliconergsin 1 1 £ <fesin,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.:catabyst0.0L patts by weight: Silicene.fesip 2. re  fesinmain 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 iparts-by weight-Siicene rgsin3,X:32,2520, Ouartifacturtmiby

Shin-DishChemical Co., Ltd..) Silicone resin 4 KE29, 6072 (manufactured by Shin-Ersu Chemical

[00661 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
sheet at a temperature of 150°C 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 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 of the operational
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 is

adequately decreased at 100°C is important.
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<Dynamic elastic modulus mpasurempnt>  Measurement apparatus: Viscoelasticity measurement
apparatus ARES-G2 (mairifapMbired by TA Instruments Japan Inc.) Geometry: parallel circular disc (Ib
mm) Distortion: li 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 | to 4 and 70 parts by weight of a phosphci "NYA(2-02"
(manufacturedhby; 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.coatente-farma. filthavimieattlickness.ef 100 4m This eperation was
carried out for each of the silicone resinsTO 4The silicone resins 1, 2 and 4 wetie healLed af a film
forming dpmperagre: of, 120Cforhour, and the eilieenhesrenHmei was reamedat 120Cfnr-10 minutes
since the silimidne resin 3 was a silicone adhesive to be used in a semicured state.
perform heating and pressurizing at desired temperatures. As
described later, the method of bonding the phosphor sheet
includes a method in which the phosphor sheet is cut into
singulated pieces, and then bonded to a separate LED, and a
method in which the phosphor sheet is collectively bonded to
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
singulated pieces and then bonding the sinqgulated pieces, a flip
chip bonder can be employed. The phosphor sheet is bonded with
a thermocompression bonding tool having a heating area of about
100 mm square in collectively bonding the sheet to an LED element
of a wafer level. In any of these cases, 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 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.
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[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, pr S ppded 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 andbwas gt eft, qr the base matedal pag taken,as ihe least e fo gnable

bonding. The phosphor sheet which entirely adhered to t

e LED element and was not 8ﬁ on the base

material in;a.time. of press-bonding by heatinhJte or, kessgnl\@@% 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 -thoygh
press-bonging bay Qatipg Jert minute-orimore was condugted was rated as defective adhesive
property. [0071] (Examp] Using a 300 ml polyethylene container, 30% by weight of the silicone
resin 1 and 20%sby weighttef & phasphor: N ¥YAG(manufactured by int( patbx, CosperationYAG-based
phosphor doped with Ce, specific gravity:, 050: 7 km) were [0072]

a separate LED, and amethod in which 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 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
beam machining or cutting by a blade, and the machined phosphor
sheet isdivided. The laser beammachining isveryhardtoavoid
scorch of a resin or degradation of a phosphor due to high energy
added, and therefore cutting by a blade is desirable. 1In order
to improve machinability in cutting with a blade, it is very
important that a storage modulus at 25°C of the phosphor sheet
is 0.1 MPa or more. A method of cutting with a blade includes
a simple method of pushing a blade in an object, 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

apparatuslreferred to 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 blade since a width of a dividing line can be precisely
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Thereatfter, 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 apparatusi(@anufactured: by W CORILLOP "nbbib )Diarneters cttG ponched hales were [
hvest a. gat el witn a microsCOITEJ: eTlipptt(i WJ. Lb 61 length measurement device to deteran
average ofthediameters, 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 squarelby biSing a coLiing apparatus (GOUT manufactured by UHT CORPORATIONY() .Both of the
phosphor sheet and the base material were cut and completely singulated. A cutting pl.ane did not
leave burrs and craéksrand kad agoodcshapes ahdteldnding of & cut poftion did ifot take place. One
hundred pieces were randomly selected from 10000 pieces singulated,and the number of -nieces in
which a staté bf &lcitting potiion wis Go6a Wi catinted forevaltate Latting CHaracteRstics. [00731
The phosphaor sheet cuv into a size (.),(f 1 mm square was located in such a way that gﬁfiosphor

sheet surfate Wasi Sottact with %%p Sdrfaté Wfﬁl@éiﬁﬁ%ﬂ%ﬁﬁé&) 3n A substrafé. A hole of

the phosphor sheet was ali n a surface electpo e of the 1.1 Cth b using e bonder
(manufacture& 6%‘%0% r%}l]negtrlng €o. Lid. Sg nd t%% ph%sjlph%ri heet Wag bresse%?rom a base

material S|de @é a. Qﬁzatln hgad hge)a:%d g 10(% ,L%gd consequently,the least time to enable bonding
e

was 10 seconds. A samp press- 0 seconds was cooled to room Lemperatur, and then

the base materjal was P%ele%ewt?g)&%gqf mAdd:11+he phosphershear.complstely ar-mt htcri

to the

singulated is melted and attached to a separate LED chip by
heating. An example of the steps of singulation/bonding of an
LED element/dicing in the case where the phosphor sheet 1s
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 singulated pieces, and the step of bonding the
phosphor-containing sheet cut into singulated pieces to an LED
element by heating. Fig. 1(a) is a view showing a state in which
the phosphor sheet 1 laminated on a basematerial 2 of the present
invention is fixed to a temporary fixing sheet 3. 1In the step
shown in Fig. 1, since both of the phosphor sheet 1 and the base
material 2 are singulated, the phosphor 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 into singulated pieces. Subsequently, as shown 1in

Fig. 1{c), the phosphor sheet 1 and the base material 2,
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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 temperafires {COT) ghall of 19 samnles wete measyied wilh,.siema thuminanae meter

(Konica Minolta CL200A), and erence between the maximum value and the minimum value of the

OCT was taken as acoloy femperature variation.and evaluated, 190741, , An LED element witila
phosphor sheet prepared in a similar way was cut, and SEM of a cross section was measured, and

with respect 4040 samples, & difference between thethickness 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-eny; S5-sinfacewas; measued 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 efithe=sampie; andean are raee- gf the i fitexenees ifrdh rkeese; afthe 1Osamples was
calcul.atedi The calculated average was shown. a.s a. variation in Table 2. In addition, a negative
average shoWwschat the<thickness atrthehatyovelmiddie point islargershan the thickriessrat the center.
[00751 (Example 2) A phosphor sheet was obtained in the same manner as in Example 1 by
using the Bilic6Ae Fesin 2ria pladecofthe Siliconesesintl. A holelof200s1aln ihi dianteterwas punched in
the phosphor sheet in the same manner as in Example 1, and the phosphor sheet was singglated into
a size of Fhin Squafe Molifg chaPacteFisticy ard Cutifigcharatteristidis werelgodd as Wigin Example
1. A phosphor sheet cut into a size of 1 mm square in the same manner as in Example | was bonded.
to an LED Slef&nt and cdristquintly the least time to enable. bonding was 5 seconds. Further, a LED
lighting te%to%r%céj 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 man_nerEausriQhEex}gmelleelnwEl}Jsin tctlse %I(i}cgn&lrgésjcn %EI;I’] g;llanceu fg@g&il&c@oge{%sin 1. A hole
of 200 km in diameter was bunghed In %ep?)%o phor ame mhhher as %xampl eand corse go enty
holing 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 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 singulated pieces 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 Fig. 2(b). In Fig.

2{b), the basematerial 2 is not cut at all, but the base material

2 may be partially cut as long as 1t is continued. Next, as
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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 | 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 elemest farmed, onithe surface thereof. The singdlated phosphersheetwas conformed to each
LED element, and a machined hole of the phosphoret was alAgned on a surfaceode of the LED -the
phosphor sheet was pressrcc, edOM material side bhyaheatingshead:-heated t0:200C; ande
consequent.... y the least time to enable oonoing was 15 seconds. A sample r 15 seco
cooled to roaom temperatn Ey<and-then the basematetiebwas peeled, arnd eonsequently re phosphor
adhered to tte. blue LED .he base materiel peeled off wi. thol.ut leaving the phosphor sheet on -:-he
base ma tefial; and thcr-efdre aohadhesive propertylwas P reSEhen, the Water 6f the'biueLED
element was dirned witt a dicing apparatus (manufactured. by PiSe0 Corporation) to he singul.atd, and
the surface eleétgdée of thesinqaiatedl ED eRip-WasSubjsct to Wirdé bonding: and corsegqiently the
electrode could be connected through the hole previously machined in the phosphar sheet without any

difficudty. THé $5m& 40 EDS prOdEEwith 2 pHospior Sheet &Ad sealdd with 2 trariparent resin

were prepaxed, an% each LED was conne(%;[d toaDC power source toili%ht up, anrg copsgquently it
was verified et Al SF10 TEDS Tit tp CEGHralated Koot temperatiires (CEH 6F 10 samples were
measured with a chronic illumiflddLe meter Konica Mingb a ngoﬁ@m%éd a diﬁerggg%ggtween the

maxinurnivlﬁeédffncde ﬁ}wep minimum value of the OCT Was evaluated. urther, a thickness of the phosphor

sheet was eyalyaled T4 SATSIABING: A Exalmle. and e Easilis ere shan [ Table 2

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(e), and then the wafer 1s diced to be
singulated to obtain an LED element with the singulated phosphor
sheet, as shown in Fig. 2(f).

[0060]

When the singulated phosphor sheet is melted and
attached collectively to an undiced 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 is carried out by the above-mentioned dicer and conditions
such as number of rotations or cutting speed at the time of
cutting is set to optimum conditions of cutting a semiconductor
wafer, 1t 1s difficult to set the conditions at the time of

cutting to optimum conditions to cut the phosphor sheet, but

the phosphor sheet can be suitably cut by using the phosphor

oY)
W



(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 Qf?o, %or,§h t was press-bonded from a base material side by a heating
head. .eated t% 100C, a d%onls%auegrgﬁﬁ fﬁé’léné}s%%irﬁlg) t6 %n%6|§ ﬁo%&iﬁﬁﬁé%fé goe%oh}ag. A sample

press-bondedfor, 10 secends was cooled 10 room temperature, and thenthe base material was
peeled., and consequently the phosphor sheet completely adhered to the blue LEM and the base

material could be cleanty-peeled:off win bout Jeaving the phosphor:sheet onthehase-material, and
therAEore an adhesive property was good. r00801 Then, the wafer of the blue LED element was

diced togetheriwith theephosphorsheetdrom:a waferbacksides(side wpposite tp. asideto which the
phosphor sheet was bonded.) with a dicing apparatus (manufactured by DISCO Corporation). A
cutting plarte=dicshotdeave Burrs. afdicracksiand-had st good shapedand rerkonding pha out portion
did not take place, 100811 The surface electrode of the LED chip was subjected to wirebonding,
andconsegient” theefedtrodeesuldbecdonndcted ¢mough the hote prervdduslip yaehinech in, the phosphor
sheet without any difficulty. The same 10 LEDs provided with a phosphor sheet and sealed with a
transpareftfésii WerePreparea,! itha éhrohee meter(Komical te LO200AN cand ardifféfence between
the maximummin of the CCT was evallbatedi Further, a thickness of the phosphor sheet as oval aated

in tne samé hanher a8 in Exdmpleel, HritghthefreSiis were Shewhlif Telbfe2sheet 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 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{c), and then the wafer is diced and at the same time the
phosphor sheet 1 is cut to be singulated to obtain an LED element
with the singulated phosphor sheet, as shown in Fig. 3(d).
[0061]

In any of cases where one of the steps in Figs. 1 to 3
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[0082] (Comparative ixanoTe 1) silicone resin 2 was usedutace of the silicone resin 1 to preoare
a)hor-containlng 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 ving 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.urg.a the re.foreadt.erdie, andt.ofnole d:ameters-after-mashinina. Ssmaller than a desigla

value. T .e phosphor sheet
present invention is bonded to an LED element having an
electrode thereon, it is desirable to previously performholing
(form a through-hole) at an area of the phosphor sheet above
the electrode in order to eliminate the area of the phosphor
sheet before bonding the phosphor sheet. Known methods such
as laser beam machining, die punching and the like can be
suitably used for holing, but punching by a die ismore desirable
since the laser beam machining causes scorch of a resin or
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. In punching by a die, a hole
of an arbitrary shape and an arbitrary size can be made depending
on a configuration of an electrode of the LED element to which
the phosphor sheet is bonded. The size and the shape of a hole
can be arbitrary if a die is designed, but since a size of an
electrode connecting portion on the LED element of around 1 mm
square is preferably 500 um or less in order to avoid a reduction
in an area of an emission surface, and the hole is formed in
a diameter of 500 um or less in conformity to the size of the
electrode connecting portion. Further, since the electrode to
pe subjected to wire bonding requires a certain size and this
size is at least about 50 pm, a size of the hole is about 50

pum in conformity to the size. When the size of the hole 1s too
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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 lon 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 matg%r' Qrer(%fg re atnn%(%heos%vetR%opgggcvg%soggod. t]&@e synr{ascge: %negg&%dﬁeﬁcc)‘fethe CI}_ED chi was
subject to we ) ii.g, an% consecuently apart of bon ing Wire Wasebrougﬁt fnto’ contact with a hole

previously maghined.ip the phasphar,sheet since the hole size wag sma Ten LED provided

wiphosphor sheet and sealed with a'resin aftere’bonding were prepared, and each LED was
connected to,a DG power sourcetolight,up, @.L&}H@%%ﬁ@%%}'é@%@g dgfective connection and

could not 1. The nurr.her of saprepared was inc.reased, and 10 52.5' tic th a phlosphpr sheet, normally
hgup, wergsteriorated. Further, when the 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 to machine a hole which is as small

as 50 um or more and 500 pum 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 sheet at 25°C is 0.1 MPa or more.

[0062]

When the phosphor sheet having undergone cutting and
holing is aligned with a predetermined portion of the LED
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 operation to align the
phosphor sheet with the LED element in a state of being
closely-situated, 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 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,

1t is easy to align the phosphor sheet with the LED element with
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obtained, and correr ate d color temperatures (C1C1) of 10 samples were measured with a
chrom:inarice meteYinolta CI200A), 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 |, and the results were shown in Table. 2. [0064] (Comparative Example
2) A phosphor-sheet was obtained in the same manner as in Example | 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 maringf.as.in-Examplel,.and thephosphor. sheet-was sinpulatedrinto a size:ofsl Run. square.
Holing characteristics and cuntimd characteristics were good as with Example 1. The phosphor sheet

cut into a sizeofd mam square was-logated insuch-a,waythatia phesphoer-sheet surfage 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 asurface elecirode-ofithe &:E0:ehipyeusing a die bonder nanufactured
byTorawyEngineering Co., Ltd.), and the phosphor sheet was press-bonded for 1 minute 1.. rem a
base film side byzd heating head heated to 100C. The LED chip provided with the
phosphorsheetwascooledto room temperature, and therkthe base film was peeled, and consequently
the phosphor sheetlincomplételysadheteditothe: blied EDahdlpecled<of-front thel LED éfement
together with the base film, and therefore an evaluation, of the LED eiement was impossible. -sheet
was chtaindsame frahned as in phy thees@sit 4 i place of the SificerieSent 1nvegifidste 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, ar\kbodﬁ&f[' to-OKtamAlantinate typeprivsphor sRcet inIHicH aR abhesive 18yerhaving a

thickness of 10 igrn was formed on the phosphor sheet havin% a cL-nf 90 irmi. ,
very small since the phosphor sheet exactly machined is provided

on the LED element and therefore a constant phosphor exists on
the LED element in comparison with the conventional methods
based on dispensing of 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 on a surface tension of the liquid resin
supplied, it isdifficult to formauniformthickness. 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 sheet 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 emitting device
obtained by disposing, on the LED element, a
phosphor-containing layer having a thickness of 10 to 1000 pm,

in which a difference between the thickness at a center and the
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[0086] Thereatfter, 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 abaut one third, af hece piec -5 was &bonded and could nor be cub (00871

Using on Iv phosphor sheetsbe sincul ated ulby, the phosphor she-- was thernocomni.es s i on
bonded to-a.p 1:Jo LED element_.at 1,00C for.10 secondp by pising,Thes an.e.c.;'li e bender as in
Tuamlsde 1, and the basewas peeled, and the phosphor sheet was thermally cured at 150C tar m

minutes. Theblue LTD-elementi Provided,with-the phosphor.sheet was-¢eoled-toroom temperature,
and then the base film was peeled, and consequently the phosphor sheet completely adhered to the

blue 1,-JD;and thesbase-film eould be cleanhpeeled:off, witheutlgaving the phospheesheet on the
base film. The surface electrode of the LED chip was subjected to wire bonding, and consequently a
wire was brought into icontactith a siliconearesined sincelthessiliconeresir 3tpartiatly exteuded to a
hole previously machined in the phosphor sheet. Ten blue LED provided with a phospor sheet and
sealed withk&@ resiamadfter wirefbaorrding wereopreparéd, and eachk.tLED wds cennectedtoalDC power
scarce to light up, but two of the 10 LEDs had defective connection and could not light up. The number
of samples répafed fasincréased cand: LEIEDdight etrittim deviceswith acphosphotsheet,
normally lighting- up, were obtained, and correlated color temperatures (COT) of 10 samples were
measuredPwith AcritoRictifiminante mefer (REMEA MioREC L2002 1) Arftba Ffferefice between the
maximum, value and the minimum value of. the OCT was ev.aluated. Further, a thickness of the

phosphor $hidet vas ‘v alliafed i the Samé annérasih Examplet shdtheTestt siiére shown in

Table 2. L00381 (Comparative Example 4) sing a 300 m, nolyethylehe canbaimier, 90% by
weight of tqéesiﬁ&gﬁeeﬁ)b%ﬁq a%n%elﬁ oA By V\}{é}gﬁ of ag ﬁﬁggﬂgrl‘ ‘é’&ﬁ%‘ gngéenufactured. by

Intematix G-orporation ;. YAG-L,ased phigsphor doped with, 9&%@%‘%‘5}%9{ %‘é('jiyé ‘é‘;§i’ %&“ ’a%5 : 7 pm)
were mixed. [00891 Thereatter, the resulting mixture was stirred and deaerated at 1000 rpm for
20|nble%W%a§§ﬁ@%%”¥an 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

[0064]

Hereinafter, the present invention will be described in

more detail by way of examples. However, the present invention

is not limited to these examples.

[0065]
<Silicone Resin>
Components for compounding a silicone resin
Resin main component

(MeViS5105/2) 0.25 (PhzS5102,2) 6.3 (PhS103,2) 0.45 (HO1/2) 0,03 (average

composition, corresponding the composition (A))
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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 itwas verified that:all of:10, LEDsit.up. Cerrelated colornemperatures (COT) of
all of 10 samples were measureb with a chrbmo i'luminnce meter (Konica Minolta CL200A), and a

difference between the M.| :ilnum-valpeand-the minimbmW4AThIP-of the MMTwas Laken as a color
temperaturevariatiOnarKievaluated. -need phl n c4- -fblorea a difference between the
thickness at a center-and thirst thicknassrat a(ttrsedcticopointibetween:the genteriand amend was very
lahie, [0091] [Table II] 25C 100C 140'c silicone 1 1.0MOa
composition (C))
* 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 welght
A silicone resin 1l and a silicone resin 2 used in examples
were prepared by compounding the above-mentioned components for
compounding a silicone resinsx>astxacogrespondﬁto'%ﬂwipresent
composition” in the present specification, and commercialized
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, crosslinking agent 25 parts by welght,
reaction inhibitor 0.025 parts by weight, platinum catalyst
0.01 parts by weight
- Silicone resin 2
resin main component 75 parts by weilght, cure modifier
10 parts by weight, crosslinking agent 25 parts by weight,

reaction inhibitor 0.05 parts by weight, platinumcatalyst 0.01

parts by weight



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

- Silicone resin 3

X-32~-2528 (manufactured by Shin-Etsu Chemical Co., Ltd.)
- Silicone resin 4

KER 6075 (manufactured by Shin-Etsu Chemical Co., Ltd.)
[0066]

<Dynamic elastic modulus measurement>

Measurement apparatus: Viscoelasticity measurement
apparatus ARES-G2 (manufactured by TA Instruments Japan Inc.)

Geometry: parallel circular disc (15 mm)

Distortion: 1%

Angular frequency: 1 Hz

Temperature range: 25°C to 140°C

Temperature-rising rate: 5°C/min

Measurement atmosphere: in the air
[0067]

<Preparation of measurement sample for measuring dynamic
viscoelasticity>

A resin liquid 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,
Specificgravity:14.8g/cm3,D50:7gﬂm was applied to "Cerapeel"
BLK (manufactured by Toray Advanced Film Co., Ltd.) as a base
material with a slit die coater to forma filmhaving a thickness

of 100 pm. This operation was carried out for each of the
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silicone resins 1 to 4. The silicone resins 1, 2 and 4 were
heated at a film forming temperature of 120°C for 1 hour, and
the silicone resin 3 was heated at 120°C for 10 minutes since
the silicone 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 um were laminated, and thermocompression bonded to one
another on a hot plate heated to 100°C to prepare an integrated
film (sheet) of 800 um in thickness, and the sheet was cut out
into measurement samples of 15 mm in diameter.

[0069]

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.

[0070]

<Adhesive Property Test>

When a phosphor sheet laminated on a base material was
bonded to an LED element 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 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
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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
adhere to the LED element, or partially adhered to the LED

element but was partially left on the base material even though
press-bonding by heating for 1 minute or more was conducted was
rated as defective adhesive property.

(0071}

(Example 1)

Using a 300 ml polyethylene container, 30% by weight of
the silicone resin 1 and 70% by weight of a phosphor "NYRG-02"
(manufactured by Intematix Corporation: YAG-based phosphor
doped with Ce, specific gravity: 4.8 g/cm?, D50: 7 um) were
mixed.

[06072]

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 KURARBO
INDUSTRIES LTD.) toobtaina 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 "Cerapeel"”™ BLK (manufactured by Toray Advanced Film Co.,
Ltd.) as a base material by use of a slit die coater, heated
at 120°C for 1 hour, and dried to obtain a phosphor sheet having
a thickness of 90 pum and a size of 100 mm square. Thereafter,

a hole of 200 pm in diameter was punched in the phosphor sheet
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by using a die punching apparatus (manufactured by UHT
CORPORATION) . Diameters of 10 punched holes were investigated
with a microscope equipped with a length measurement device to
determine an 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 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-bonding of a cut portion did not take place. One
hundred pieces were randomly selected from 10000 pieces
singulated, and the number of pieces inwhich a state of a cutting
porticn was good was counted to evaluate cutting
characteristics.

[0073]

The phosphor sheet cut into a size of 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 oﬁ a substrate.
A hole of the phosphor sheet was aligned on a surface electrode
of the LED chip by using a die bonder (manufactured by Toray
Engineering Co., Ltd.), and the phosphor sheet was pressed from
a base material 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 cooled to room
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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 base material, and therefore
an adhesive property was good. The surface electrode of the
LED chip was subject to wire bonding, and consequently the
electrode could be connected through the hole previcusly
machined in the phosphor sheet without anydifficulty. The same
10 LEDs provided with & phosphor sheet and sealed with a
transparent 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 1lit up. Correlated color temperatures (CCT)
of all of 10 samples were measured with a chromo illuminance
meter (Konica Minolta CLZ200A), and a difference between the
maximum value and the minimum value of the CCT was taken as a
color temperature variation and evaluated.

[0074]

An LED element with a phosphor sheet prepared ina 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 a middle point of a line segment between the above center
and an end of the emission 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
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taken as a difference (%) in thickness of the sample, and an
average of the differences in thickness of the 10 samples was
calculated. The calculated average was shown as 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.

[0075]

(Example 2)

L phosphor sheet was obtained in the same manner as in
Example 1 by using the silicone resin 2 in place of the silicone
resinl. Aholeof 200 pumin 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. A phosphor sheet cut into a size of 1 mm square in
the same manner as in Example 1 was bonded to an LED element,
and consequently the least time to enable bonding was 5 seconds.
Further, 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.

[G6076]

(Example 3)

A phosphor sheet was obtained in the same manner as in
Example 1 by using the silicone resin 2 in place of the silicone

resinl. Aholeof 200 um in diameter was punched in the phosphor
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sheet in the same manner as in Example 1, and consequently holing
characteristics were good. Then, the phosphor sheet was
singulated into asize of 1 mmsquare by usinga cutting apparatus
(GCUT manufactured by UHT CORPORATION) . In this time, the base
material was half-cut to 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.
[0077]

A phosphor sheet of 100 mm square in which the phosphor
sheet was singulated into a size of 1 mm square and the base
material was monolithic was located in such a way that a phosphor
sheet surface was in contact with the surface of a 4-inch wafer
not diced into singulated pieces and including a blue LED
element formed on the surface thereof. 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—ponded for 15 seconds was cooled to room temperature, and
then the basematerial 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 base material, and therefore an adhesive property was
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good.
[0078]

Then, the wafer of the blue 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 transparent
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 1lit up. Correlated color temperatures (CCT) 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 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 2.
[0079]

(Example 4)

A phosphor-sheet was obtained in the same manner as in
Example 1 by using the silicone resin 1. A hole of 200 pm in
diameter was punched in the phosphor sheet in the same manner
as 1n Example 1, and consequently holing characteristics were
good. A phosphor sheet of 100 mm square was located in such

a way that a phosphor sheet surface was in contact with the
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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 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 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
LED, and the base material could be cleanly peeled off without
leaving the phosphor sheet on the base material, and therefore
an adhesive property was good.

[0080]

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 diéinq
apparatus {(manufactured by DISCO Corporation). A cutting
plane did not leave burrs and cracks and had a good shape, and
re-bonding of a cut portion did not take place.

[0081]

The surface electrode of the LED chip was subjected 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 transparent resin were prepared,
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and each LED was connected to a DC power source to light up,
and consequently 1t was verified that all of 10 LEDs lit up.
Correlated color temperatures (CCT) of 10 samples were measured
with a chromo illuminance meter (Konica Minolta CL200R), 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 2.

[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 90 um and a size of 100
mm square. A hole of 200 pum in diameter was punched in the
phosphor sheet in the same manner as in Example 1, and
conseguently 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 Example 1, but about

N
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one half of the phosphor sheets was re-bonded and could not be
cut off.
(00831

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 cooled to 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 base material, and therefore
an adhesive property was good. The surface electrode of the
LED chip was subject to wire bonding, and consequently a part
of bonding wire was brought into contact with a hole previously
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 connecied
to a DC power source to light up, but three 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 (CCT) of 10 samples

were measured with a chromo illuminance meter (Konica Minolta
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CL200A), and a difference between the maximum value and the

=8]

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 2.

[0084]

(Comparative Example 2)

A phosphor-sheet was obtained in the same manner as in
Example 1 by using the silicone resin 4 in place of the silicone
resinl. Aholeof 200 umindiameter 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 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
(manufactured by Toray Engineering Co., Ltd.), and the phosphor
sheet was press-bonded for 1 minute from a base film side by
a heating head heated to 100°C. The LED chip provided with the
phosphor sheet was cooled to room temperature, and then the 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 element was impossible.

[y
(9]
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[06085]

E

(Comparative Example 3)

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 onto the phosphor sheet by use of a slit die coater,
heated at 120°C for 10 minutes, and dried to obtain a laminate

type phosphor sheet in which an adhesive layer having a

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

h

thickness of 90 um.

[0086]

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
hole were investigated with a microscope equippeciwitheiléngth
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 silicone resin
3 was partially found. Then, the resin sheet was singulated
into 10000 pieces having a size of 1 mm square by using a 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 the same die bonder as in Example 1, and the
base filmwas peeled, and the 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 consequently the phosphor sheet
completely adhered to the blue LED, 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 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 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 (CCT) 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 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 2.

[0088]
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(Comparative Example 4)

Using a 300 ml polyethylene container, 90% by weight of
the silicone resin 1 and 10% by weight of a phosphor "NYAG-02"
(manufactured by Intematix Corporation: YAG-based phosphor
doped with Ce, specific gravity: 4.8 g/cm3, D50: 7 um) were
mixed.

[0089]

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 KURABO
INDUSTRIES LTD.) toobtaina silicone resin including a phosphor
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 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 source 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 CLZ00A), and a
difference between the maximum value and the minimum value of

the CCT was taken as a color temperature variation and evaluated.
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4base materiai temporary fixing sheet 4LEO element Smounting 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 crossiihkalLde 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-)ﬁ . . Inwhich Pfis a_ hen}ll group,.an. a yl group or a. cycloafI%/;Ly roup having 1 to
60am-kb:aato%nsf%?%Yggmevﬁfifgroa%c ngin’gnz tg %"Lceérg:jn afélmcslfjﬁrlo%lici)e%’théf 6% o% 9% Mel | of Rl is

phenyi and;10 10 20Bpd, B gf Bl s an.alkenul, group, P2 is a.hydrpgen atom of an alkyl group
having 1 to 6 carbon. atomp, and a, b and c satisfy the relationship crl1 0.5 ..< 0.6, 0.4 b < 0.5, 0c0.1

and a + b 3. (B) organgpplyslioxane (5 t0.15 parts by weightwith, respect t0-100. pasts Py weicht of
the component (A)) represented by the general for=1ap PI3SiC(RI2Si0),Si Rd

the thickness at a middle point between the center and an end

was very large.

[0091]
[Table 1]
25°C 100°¢C 140°C

silicone 1 1.0MPa 0.025MPa 0.038MPa
silicone 2 6MPa 0.0035MPa 0.0020MPA
silicone 3 0.005MPa 0.006MPa 0.007MPa
silicone 4 1.1MPa 0.35MPa 0.2%MPa

[009Z]

[Table 2]
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in which P."is a phenyl group., an alkyl Group or a cvolpallyl group having. 1 to 6 carbon atom_s, or
an alkenyl group having 2 to 6 carbon atoms, provided that 40 to 70 mei | of R3 is phenyl and at least
one of R3s is an alkenyi group, and m is an. integer a 0 to 50;
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

(C) ordanotrisilchanc ;such an

in which P..4 is a phenyl group, or an alkyl. group or a

cyclo alkyl ) v t\ @ taronratomsg, proviged Eld 0to70=1)1)0f95) is phenyl; and (D)
> o e . .
a catalyst for @ hyciroslg/l tig ns;rea%on (such an amount enough ta promote a hydrosilyiation reaction
— B : . o
of the alkpn r@up% ,@mpo ent'(A) and the componént (B)|with the hydrogen atom cnnpled
with a silico j Fa om in thre component (C) The phosphor-containing sheet ccording to claim 1,
wh_ereln a mncpho_r contentis ES%by weight-prr .oré, The-phosohor-containind sheet according to
claim | or 2, whichiis usef as a wavelength conyersion |ayer of fug|LED element. The
PRGN -4 ot p . .
phosphor-contaifing $ leet aceord4nb nojan yclaimste 8,fpravided with a through-hole.

. . q ' . ot . . . e .
minate in Wi the phaspho.incgn.t.in ing sheet a0De. pfdlaims IL to 4 i8 ianmated on a odwi. Lb an
LED ea mm|°obtéined. ’
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using the ph osphor-cont.ai fling sheet acnordind to any one of ci.aims | 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 g:lioht emitting device. -+ Jng to.clasm, Z, 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 forrmanufacturing 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 01 ift iC) Sinqui. at ea
pi e 110 rein said stepof bending-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.terial

3 temporary fixing sheet

4 LED element

5 mounting substrate

6 thermocompression bonding tool

7 wafer provided with LED element on surface thereof



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 | to 4 is

subjected to holing before being bonded to an LED element.
CLATMS

1. 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 100°C, wherein a resin main component of the
phosphor-containing sheet is a crosslinked product formed by
sub’jecting a crosslinkable silicone composition containing at
least the following compositions (A) to (D) toahydrosilylation
reaction;

(A) organopolysiloxane represented by an average unit formula:

(R'28102/2) 2 (R'8103/2) 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 phenyl and 10 to 20 mol % of R' is an alkenyl group, R’ is
a hydrogen atom or an alkyl group having 1 to 6 carbon atoms,
and a, b and c¢ satisfy the relationship of 0.5 £ a < 0.6, 0.4
<b £0.5, 0L c<£0.1 and a + b = 1;

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

R73510(R%,510) 4S1iR’;

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

3

having 2 to 6 carbon atoms, provided that 40 to 70 mol % of R
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is phenyl and at least one of R’s is an alkenyl group, and m

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

(HR*;510),51iR%,

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 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

(Ch.

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

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

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

which is used as a wavelength conversion layer of an LED element.

4. The phosphor-containing sheet according to any one of

claims 1 to 3, provided with a through-hole.



5. A laminate in which the phosphor-containing sheet

according to any one of claims 1 to 4 is laminated on a

semiconductor wafer provided with an LED element thereon.

6. A light emitting device obtained 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 pm, 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 arbitrarv point at an end of the
emission surface is within a range of the thickness at said

center plus or minus 5%, 1s disposed on an LED element.

7. A method for manufacturing a light emitting device
comprising at least the step of bonding the phosphor-containing
sheet according to anyone of claims 1 to 4 to an emission surface

of an LED element by heating.

8. The method for manufacturing a light emitting device
according to claim 7, wherein a temperature at which said
phosphor-containing sheet is bonded to said emission surface

of an LED element is 60°C or more and 250°C or less.

9. The method for manufacturing a light emitting device

according toclaim 7 or 8, further comprising the step of cutting
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the phosphor-containing sheet according to any one of claims
1 to 4 into singulated pieces, wherein said step of bonding said
phosphor-containing sheet to said emission surface of an LED
element by heating is a step of bonding said phosphor-containing

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

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

collectively.

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

4 1s subjected to holing before being bonded to an LED element.
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