WO 2011/ 079900PCT/ E P2010/ 007271 1 Casting conposition as diffusion
barrier f WO WAl/&P9%0l ecul es The invention relates to a CRSHERGI0/007271
conposi tion based on a transparent epoxyqor silicone resin, in
particular for uses in an el ectrol um nescent conponent, which
preferably emts white light, and to a process for the preparation of
casting conpositions of this type. The casting conposition here
serves as dif f usCastihgrecompositiormas eliffosioechareiertfor augbr hideogkesof
glass or silica flakes. Commercial white pc-LEDs consist of a chip
which emits in the blue spectral region and a coating consisting of
silicone or j | ' r ted.
The phosphorgmgﬁgvérﬁeﬂgﬁg%étt??/@g?ééﬁﬂﬁCgﬁpgsggtﬁg%upm?é%ngp%%ﬁ ic or
oxyni tridi c epbey bakticod eszn natarialisr foavees ream etgeeiuymidbscent com-
deconposing in the presence of extrenely. small traces of noisture. In
the case of BPPRBL WiBE erﬁ%&é@w&w{h'tﬂli@taﬁm {03 progesgder theurrgparao
green phosph <k S i I : I 4

Toi Sture. pr ooont Cay LA E BT RRT R TR Rty Rt bihere
resin matrixseowestes giffosiphdrarper for elagsr. mbldcsigsathrdutgh thenseqferiass or
that, due to qlec n’gosi tion of the phosphor, the |um nance thereof
decr eases ana”ﬁaglﬁ‘ 8®s over tine. This is associated with a drop in
the performance of the white pc-LED: firstly, the col our point of the
LED changes. Furthernore, reflectors present in the LED of the chip
and the el ecComraeraamiats pohsDer eordést tof ayerdp ewictosimite liry tHeybiubespec-
hydrol ysis p opucts of ;sulfidic or. .oxﬁfni.tri dic Ehoss:_)hors. The costs
ari sing due EFB‘ tSRON 8RdiAsT AR NISONSISERE S SHIFOPR ST BRBXA Sern MeHEy one
substituti onopmdraphadpR6@Mrehbtdad hal ogen | anps and fluorescent

| anps, which are inefficient and have a short lifetinme, by white

LEDs. EP 862794 phiosphotsearedranuesitiyigishd consiicate neplfidist nitrglic omprgi ti on
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presence of extremely small traces of moisture.
In the case of ortho-silicate phosphors, this applies, in particular, to green
phosphors comprising high concentrations of barium. The moisture present
in the air diffuses through the silicone or epoxy resin matrix to the phosphor
particles. This has the consequence that, due to decomposition of the
phosphor, the luminance thereof decreases and degrades over time. This

- is associated with a drop in the performance of the white pc-LED: firstly, the

P

colour point of the LED changes. Furthermore, reflectors present in the
LED of the chip and the electrical connections are destroyed corrosively by
the hydrolysis products of sulfidic or (oxy)nitridic phosphors.

The costs arising due to the requisite replacement of the LLED hinder rapid
substitution of incandescent bulbs, halogen lamps and fluorescent lamps,

which are inefficient and have a short lifetime, by white LEDs.

EP 862794 discloses a wavelength-converting casting composition which

consists of epoxy resin and comprises inorganic phosphor pigments. In



2 order to reduce agglonerate formation, the phosphor pignments may be
pravi ded WAHWIHOBPH cone coating. The object of the prestAVERRYENIION
is therefore to provide casting conposit?ons which do not have one or
nore of the above-nentioned di sadvantages. Surprisingly, it has now
been found that the deconposition of the phosphor, caused by traces
of diffusing water, within the casting conposition conprising a
silicone or epshfioreduce aaglomerstenfopaaper\iaatnkwsphor pigniants otyche on

of flake-form.i 1. C iC .into the matri x. The fl ake-form
particles, mﬁ%ﬂgé%%hs%&ﬁéédﬁ {’;é%‘ silica, act as efficient
diffusion barrier for the water nol ecul es. Furthernore, the

fl ake-form particles can be dispersed in the silicone or epoxy resin
and can be apgpei ¥uediafdiae pyesantimenyrodphwrevsate ppvide cagiinasmragosi-
separate diffusi . i EL qur B).. Th [ nt

i nvention thfttfg%e A eé&r)tn%IE Qg\zéa{é Fr?g né%répogéﬁ?égﬁ(’%ﬁ%%m %a(flsgti\? " one
transparent s$addscone or epoxy resin conprising inorgani c phosphor
particles and glass and/or silica particles, preferably in flake
form and a SVUTRISIRgel hagmovebgen fawnddhabithe decompoesiien pkie phos-

enbodi nment , i 1J.C rt:l p [ rticles
or o homogeneBner FeEs By fde ® RGN B e A MR RERRL oot °F
A) I'n a furtkemppisaiges siidoserbodporntasit heatfik ake hbaravantag byaheshtroca
particles are di_;{gg}g ed and aligned in a plane-parallel manner in the

ga_st ing conp8¥Ft Free-tare @Pf%‘é&aHiCﬁSEW%/“'@rfﬂéHiXaa'Bﬁtfladfﬁdcpfm par-

asting conp@siski QR:which: ' | usi - :
parti ol s ag oS, ARIHY ol BFBIEASS R SRS, Hof SELMiclchE SRERTH hyrier for
gl ass and si thewaparmolecelespFefteembbne, trayBale-thiranpdrdcicefcad deodiBepm

and a thickness . of 0.1 to 5 m The average particle dianeter d50 of
t he phosphor Sﬁar”ﬁ g %lﬁcq)ge BF 8P YIS %@‘ggﬁﬂ\%e applied directly to the phos-

2011/ 079900'3%655’3&% R 1ED as a separate diffusion barrier layer. {Figure 1 A or
1B)

The present invention thus relates to a casting composition based on at
least one transparent silicone or epoxy resin comprising inorganic phos-
phor particles and glass and/or silica particles, preferably in flake form, and
a UV or blue light-emitting diode.

In a preferred embodiment, the glass or silica particles and the phosphor
particles are homogeneously distributed in the casting composition (see
Fig. 1 A)

In a further preferred embodiment, the flake-form giass or silica particles
are dispersed and aligned in a plane-parallel manner in the casting compo-
sition and are arranged directly on an additional casting composition which
comprises exclusively the phosphor particles as a separate diffusion barrier
layer (see Fig. 1B}

The glass and silica particles preferably have a diameter of 5 to 20 um and
a thickness of 0.1 to 5 um.

The average particle diameter dsp of the phosphor particles is preferably

< 20 pm.



3 The effect of the flake-formglass and silica particles is based on
the fact MWRARHMHBIYN ffusion pathway of the water nol ecul eST/ER0D/@CKEd
in the casting conposition conprising sigicone or epoxy resin matrix.
This occurs through the plane-parallel alignment of the particles in
certain domains and through the offset arrangenent of the flakes in
the vertical direction. (see Fig. 2) OMng to the fact that glass or
silica parti diheseffentof dppfiald-fatregipss Iaedredfaaq:mﬁrh&ies isdasedbn thefact
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(effect of the particle a% honbgeheity o um nance
col our tenpeithe plewerparahigraigathan of thepadictpsan cartgin dxbm‘ahs ami ’ﬂ*mod@:D

In order to i vethe dis of ..t he ke-form nd/or
silica parti éfﬁ%g RW??PQ%Q@@Q&S‘F%? I %@n‘@’{‘%%q'fecy% ﬁ? i
may be surface-coated. The flake-formparticles are then coated vmth

silicones/silanes by wet-chem cal nethods or by vapour deposition.
These or gano$iWingda ﬂ@%fﬁ%ﬂm@laﬁm Slimia haﬂlhesmaarqarmdnga’(elwbeof t he

Structure of TRRBETAREET (BN RRY AR b BingRs byl

and/ or chem a )thé @ptibgl prregemees;m@@mblmb BYe Hijécﬁ\}eQ@ély%'?fe%feoF e
or gani ¢ chai ns ‘of the silijcon conpounds. The phosphor ticles

preferabl y c&m%ﬁh%lfﬂyacaﬁ@@m poRertes oﬁ@efﬂﬁhea‘wmgaqm@e@wfect of the
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(Y, Gd, Th, Lu) BAlpre®ed 0l@MNheCGing I@aé@ébléﬂ%mme L§DAI 204: Eu,
Sr4A114025: EU, (Ca, Sr, Ba)Si 2N202: EU, Sr Sl Al 203N2EU,

(Ca, Sr, Ba) 2SI"5RESGEGO MOAQVE] tNB digpersipilidy af gl flake-fermtdiasseand/or silica

al kaline car RStaPTanTnE EpERE af BLESHR B faaP Riinn SRR sbridde-

vanadat es, gcoatedl Therfiakeifden pavidieeare ihen dated with silicones/silanes by
2011/ 079900PCT/ EP2010/ 007271 4 each case individually or m xtures

thereof wi t h“&kENBMIGH NEelaets PaPyvapersderertivms hese aaanawilicaprcom-
and/or Bi.  nounds react with the surface OH groups of the flake-form particles. The

desired hydrophobicity of the particles, structure of the oligomet/polymer
-chains and the coupling {physical and/or chemical) to the resin is controlled

by modification of the organic chains of the silicon compounds.

The phosphor particles preferably consist of at least one of the following
phosphor materials;

(Y, Gd, Lu, Sc, 8m, Tb)s (Al, Ga)s012:Ce (with or without Pr), (Ca, Sr,
Ba).SiO4:Eu, YSION:Ce, Y2Siz03N,4:Ce, GdaSisOsN4 Ce,

(Y,Gd, Tb,Lu)3Al54Six0124Nx:Ce, BaMgAl15047:Eu, SrALO4Eu,
SraAl402s:Eu, (Ca,Sr,Ba)SimN.04:Eu, SrSiALOsN,:Eu,
(Ca,S5r,Ba),SisNg:Eu, CaAlSiN;:Eu, zinc alkaline earth metal orthosilicates,
copper alkaline earth metal orthosilicates, iron alkaline earth metal ortho-

silicates, molybdates, tungstates, vanadates, group 1l nitrides, oxides, in



Particularly preferred inorgani c phosphor particles for the

pr oduct i oWOSHIU#HPM@- | umi nescent opto el ectroni ¢ conponert(al/iER2€10/007271
orthosilicates. The starting materials fpr the production of the
phosphor particle consist of the base material (for exanple salt
solutions of yttrium alum nium gadolinium etc.) and at |east one
dopant (for exanple ceriun). Suitable starting materials are

i nor gani ¢ andaoh Cesga‘rdiﬁdsalltysd)ranmbesr;essthemoawimidrreabmorémbﬁi@sr, ions,
carbonat es, hydro C nat hat es, carboxyl ates,

al cohol ates, sé&%?gt%g%?glb (S @”‘?/@U -ates, organonetal lic conpounds,
hydr oxi des and/ or oxi des of the netal s, seni net al s, transition netals
and/or rare earths, which are dissol ved and/ or suspended in inorganic
and/ or or ganP@rﬁdeﬂﬂm}sref@r@d émmﬁdp@ogbhmparﬁoi‘ebéou&ae bdutticedof
nitrate sol Utihﬁa chl ori e or | dr oxi de sol utions |ch onprise the
cor r espondi nf"8F¢ H‘E&%%SCFH PRIS- ‘?@éﬁ?%’f:tc@r%‘{%e@ Breprieshcates. The

obj ect in accordance with the invention is furthernore achieved by a

process for the preparation of a casting conposition based on at
| east one trdhesdading reaﬂerletsﬁerﬁ?e@lp@wtmtesf ﬁwecmmprmrpgrtuoimcgamstof

phosphor par S and/ .es and a tJ

bl te 1 ght - o< bR Tite e T eiPite Rt satBoRE ot Vv GRe b wona)
hormogeneous Ry r@:cqfaddr&rlgé’étlﬁeocﬂwwor@émmé @§ru‘ﬂh§ Fsmtﬂb\r@éwrﬁﬁg

gl ass and/or silica particles b) dispersal of the m xture of

phosphor s aniajeadls ase inirpania qralern @besicviudistarvest Sm’fB@anémteS,lhalcone

or epoxy res f the ue. li ht e di od

silicone or H%SX ?bgggieﬁiyawg@gﬁﬁ%%@eﬁ @Oﬁﬁgé{gﬁ @Héy'ﬁ F%@?
and/ or si | i cmi@arddetates; ofhiaesd! smentes, ér@@né@@tamcom nds, hydroxides
2011/ 079900PCT/ EP2010/ 007271 5 The curi n he coating i's carried

out at tenpePBUHr &xidsstaides nlqteFSaﬁamlrs@ ?s ﬁraéfséro@bhgztaés ang@crare
earths, which are dissolved and/or suspended in inorganic and/or organic

liquids. Preference is given to the use of mixed nitrate solutions, chloride or
hydroxide solutions which comprise the corresponding elements in the reg-

uisite stoichiometric ratio.

The object in accordance with the invention is furthermore achieved by a
process for the preparation of a casting composition based on at least one

transparent silicone or epoxy resin comprising inorganic phosphor particles

-

and glass and/or silica particles and a UV or blue light-emitting diode, char-
acterised by the process steps of:
a) homogeneous mixing of inorganic phosphor particles with
pulverulent glass and/or silica particles
b) dispersal of the mixture of phosphors and glass or silica parti-
cles with the transparent silicone or epoxy resin.
¢) coating of the blue light-emitting diode with silicone or epoxy
resin which comprises the phosphor and the glass and/or silica
particles.

d) curing of the coating.



The production of the glass and silica particles is carried out by
convent i ohdl 2018 P8%ses via a belt process fromthe corr paRROHY007271
al kali nmetal salts (for exanple froma p®tassi umor sodi um

wat er - gl ass solution for silica). The production process is described
in detail in EP 763573, EP 608388 and DE 19618564. The present
invention furthernpre relates to a process for the preparation of a
casting conpddetGusingridbe cepting is eged oné at iesnreratwas betweerpind0 and
epoxy resin i S) i s« phosphor particles and gl ass and/ or
silica parti g?g@aﬁ’:‘f?%aW%‘?@ @e light-emtting diode, characterised
by the process steps of: a) dispersal of the inorganic phosphor
particles with silicone or epoxy resin. b) coating of the

i ght - emi tti A§ediraeuctan af Wﬁgafﬂ%/%w gilisp PaRisiemisrcasEed Put BY canden-
silicone or ﬁ?ﬁéwprb?ééébs Gh aCt(B:lcT(lfe @rgllcggs AL ﬁ"%aéérp&é)o%i RS ﬁ‘?ét?lmc

the glass and/or silrca parti n-silicone or €epoxyresin. e

product i on obals (fof Eusinpie framra potdsaien obgodiaat watkridigscssletomrsrs phor
coating. f) c.ringrof the di ffusion barrier |ayer. i urt her nore
f

¢ It is f
preferred fof!fRk MEAROIHEHPR grossss d destrnes ipdlataibindsP 76§36€3, EP

sur f ace- coat G@B%%@nﬁ@lﬁﬁ%ﬁ?k@@” conpounds (such as silicones or
silanes) by wet-chem cal nethods or by vapour deposition. As already

menti oned, the coupling to the epoxy or silicone resin is inproved by
this coating.. WO 2011/ 079900PCT/ EP2010/ 007271 )
o The present invention furthermore relates to a process for the preparation
e of a casting composition based on at least one transparent silicone or
epoxy resin comprising inorganic phosphor particles and glass and/or silica
particles and a UV or blue light-emitting diode, characterised by the proc-
_ess steps of:
. a) dispersal of the inorganic phosphor particles with silicone or
epoxy resin.
b) coating of the light-emitting diode with the mixture of phosphor
particles and silicone or epcxy resin.

curing of the coating.

o O
e

dispersal of the glass and/or silica particles in silicone or epoxy
o resin.

- e} production of a diffusion barrier layer by coating the cured phos-
phor coating.

f) curing of the diffusion barrier layer.

It is furthermore preferred for the flake-form glass or silica particles to be
surface-coated with organosilicon compounds (such as silicones or silanes)
by wet-chemical methods or by vapour deposition. As already mentioned,

the coupling to the epoxy or silicone resin is improved by this coating.

Light-scattering particles, so-called diffusers (such as, for example, CaF),

may additionally be added to the casting composition. This advantageously



6 enables the col our inpression and the em ssion characteristics of
the sem cO®UAEIBP*%0onponent to be optinmised further. |n BEUERPIHH07TEHe
casting conposition may al so conprise adiesi on pronoters,

hydr ophobi ci si ng agents, processing assistants and/or thixotropic
agents. Thi xotropic agents which can be used are, for exanple,
pyrogenic silicic acid. The thixotropic agent serves for thickening
of the epoxyenables tha colalsimpressiervend thredmissitrathamcteristihe op iesggror

particles. Sui rocessi assi stants e, for exanple, glycol
et hers. Adhe?P@ﬁH%}EBBrB?“@PQGRﬂ@C‘?? Baﬁmff’@décH%F"Bg/ed are, for exanple,
functional al koxysil oxanes which inprove the adhesion between

phosphor particles and resin. Hydrophobicising agents which can be
enpl oyed ar eln pgditioRathsl eastingqwinpasitidremay aksx combiisd ablhksiangeosetves

f difi i .ph h icl f. Th . bl.
ot o 01 R SRt SRR Hrd g fiud5Re A opitumice
conpri sing aagynisN TRe@lopid hHts AHIER Bak Beddel 4t f&irfeg(bﬁﬁ)le,i rogenic

particular of the fornula |Ini GAAl kN, where 0 i, 0 j, , an
i +j +k=1. Poss§ilisiceadidyr hie Brixatraie agent sarvedforthickerippof dhe eknonresioin

of vhrious PRt aaenevetEPlhen R S oGl Fa et ele Bty

the present inyasdistants dlewerasxanipleygl§bsiwWtBeisn no way be regarded as
limting. Al conpounds or components which can be used in the

prepar at i onsAdhesenpeMaipEwhish daedieemelayedyaraytor expmelerfupetiorss
Synt hesi sed . i ndj din th
vl o6 ar e oS KRR Wi rlpie TR RE ARG RaDRe § PhESphdl P ictes

both in the dedceesiption and in the exanples, the added anobunts of the
conponents in the conpositions always add up to a total of 100%
Per cent age da/drep ISAG A NP hiF@Ny ke arrudeysdnaren Eorgxasip e disiuid wo

2011/ 079900'391}65!?@%9/, Aich kelvise serves for modification of the phosphor particle

surface.

The UV or blue light-emitting diode according to the invention is a light
source comprising a luminescent indiurn aluminium gallium nitride, in par-

ticular of the formula IniGajAlN, where 0 <i, 0 <j, 0 <k, and i+j+k=1.

£ Possible forms of light sources of this type are known to the person skilled

in the art. These may be light-emitting LLED chips of various structure.

The following examples are intended to clarify the present invention. How-
ever, they should in no way be regarded as limiting. All compounds or
components which can be used in the preparations are either known and
commercially available or can be synthesised by known methods. The tem-
peratures indicated in the examples are always in °C. It furthermore goes
without saying that, both in the description and in the examples, the added
amounts of the components in the compositions always add up to a total of

100%. Percentage data given should a:‘ways be regarded in the given con-



text. However, they usually always relate to the weight of the part
anount or Witdl/0&@APunt i ndi cat ed. Exanpl es Exanpl e 1: Coxti/meRodf/007271
flake-formglass or silica particles with functional groups 1. A
Si | ani sation for epoxy polyners: 100 g of the silica or glass
particles are suspended in 1350 m of deionised water with vi gorous
sti rring. The pH of the suspension is adjusted to pH = 6.5 using 5
-% of H2 SOﬂextaHdweher, shispesisllyralwayd ezdlaiediot the TWelghtdofQhg paft amauit
mxture of Si est A—lgﬁ :
[ beta- (3, 4- eBB%@@%rF‘BH@ PACEERA/ ¢ ri met hoxysi | ane] and Sil quest A-1310
[ gamma-i socyanat opropyl tri et hoxysil ane] are subsequently netered into
t he suspensi on over the course of 60 mn with noderate stirring. Wen
the addition is conplete, the m xture is subsequently stirred for 15
mn in order to conplete the coupling of the silanes to the surface.
The pHis corrected to 6.5 by means %f"aﬁnws% H2SO4. The suspension
is subsequently filtered, and the filter cake is washed with
dei oni sed water until salt-free. The drying is carried out at 130C
for 20 h. Th&xaawderi:dnaingesf flaketfbira gl@gs drssiidiepasicesadtbjunttansl of
a 40 pmsieve. 1. B) Silanisation for silicone resin coupling: 100 g
of the silic& YLyl ass particles are suspended in 1350 m of
dei oni sed water with vigorous stirring. The pH of the suspension is
adjusted to pH = 6.5 using 5 w-% H2SO4, and t he suspension is heated
to 75C. 6.0 ¢.A) Sdatisation kenemxefpdBithasest A- 1110
['gamma- am nopropyl tri net hoxysi |l ane] and WO
20111079900PCT/ EP2010/ 007271 8

100-g of the silica or glass particles are suspended in 1350 m! of deionised

water with vigorous stirring. The pH of the suspension is adjusted to pH =
6.5 using 5 wt-% of H,S04, and the suspension is heated to 75°C. 4.0 g of
a 1:1 mixture of Silquest A-186 [beta-(3,4-epoxycyclohexyl)ethyltrimethoxy-
silane] and Silquest A-1310 [gamma-isocyanatopropyliriethoxysilane] are
subsequently metered into the suspension over the course of 60 min with
moderate stirring. When the addition is complete, the mixture is subsequ-
ently stirred for 15 min in order to complete the coupling of the silanes fo
the surface. The pH is corrected to 6.5 by means of 5 wt-% H,S0..

The suspension is subsequently filtered, and the filter cake is washed with

deionised water until salt-free. The drying is carried out at 130°C for 20 h.

The powder obtained in this way is then sieved by means of a 40 um sieve.

B) Silanisation for silicone resin coupling:

100 g of the silica or glass particles are suspended in 1350 ml of deionised
water with vigorous stirring. The pH of the suspension is adjusted to pH =
6.5 using 5 wt-% H,SO,, and the suspension is heated to 75°C. 6.0 g of a

1:2 mixture of Silquest A-1110 [gamma-aminopropyltrimethoxysilane] and



Si I quest A-1524 ; anma- ur eapropyl tri met hoxysi |l ane] are subsequently
metered i MO2UHE 9g%pensi on over the course of 75 nmin w PR/RBEEYH7E
stirring. Wen the addition is conplete,gthe mxture is subsequently
stirred for 15 min in order to conplete the coupling of the silanes
to the surface. The pHis corrected to 6.5 by neans of 5 wt-% H2SO4.
The suspensiaon is subsequently filtered, and the filter cake is
washed with &!ﬁ@ﬁs@%ﬂS\Zgn[@arrurmﬂ-ureaﬁppylfrrr@@thom!aaeizafﬁgsw@ementixed

out at 14000 . T ' ' ' 1S i.gved
by means of 448 ShEs HRe SRR ZHs ot IR bR A S
silicone resiimgcuumn tre addiogisodorhpletes ithé edixieire & afsscpabhtlg bBSed@fér
suspended in 1350 m of deionised water with vigorous stirring. The
pH of the suspeRyl BrerEsr pepete the eruriing o the silenes tathgoswiscs, Thad
t he suspensi oS 7, ~ &~Mm xture of Sil quest
A- 174 gama- %Ei ﬁa%$§%¥§€%é @'Sy r .e%E‘gr?g@Is’t. %a%%%o’éind Si | quest

A-151[ vi nyl t rTihet hepesisioane subseqsatiyertieesd | ahcnipedlied chké & whghed with
suspensi on over the course of r wwth noderate stirrin When t he
M.

90 )
addi tion 1s Ceiisrewaigian sekiee: She ddagueaemipdst at 440FG fori2d hi n
i d t i ; i t f s
s o s oot Sher Sfaf@Unh 1 Ry & e bleBBADV A AC P IR i

subsequently filtered, and the filter cake is washed with deioni sed
water until salt-free. The drying is carried out at 140C for 20 h.
The powder oBt& njsat 4tha isilapg forssilgane tegimeculingt a 40 pm
sieve. Exanple 2: Production of an LED A) M xture of phosphor wth
fl ake-formparticles The following mxtures are prepared in a

Speedni xer e (16fepdf B@0fligepon gldss phtioles drenuspendedini ¢BPE hataie)onisslD
2011/ 079900PCT/ EP2010/ 007271 .9

water with vigorous stirring. The pH of the suspension is adjusted to pH =
. 6.8 using 5 wt-% H»S04, and the suspension is heated to 75°C. 6.0 g of a

1:2 mixture of Silquest A-174[gamma-methacryloxypropyltrimethoxysilane]

O ki

and Silquest A-151[vinyltriethoxysilane] are subsequently metered into the
suspension over the course of 90 mir with moderate stirring. When the
addition is complete, the mixture is subsequently stirred for 15 min in order
to complete the coupling of the silanes to the surface. The pH is corrected
1o 6.5 by means of 5 wt-% H.SO,.

. . The suspension is subsequently fiitered, and the filter cake is washed with
deionised water until salt-free. The drying is carried out at 140°C for 20 h.

The powder obtained in this way is then sieved by means of a 40 um sieve.

Example 2: Production of an LED

A) Mixture of phosphor with flake-form particies

The following mixtures are prepared in a Speedmixer ® (speed 3000 rpm,

duration: 5 min, room temperature):
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50 mM of each of the two resin conponents JCR 6122 a and b are

adni xed WA BY%ei ght of one of the green orthosili cBEEERGEMABTS
and 2% of uncoated glass or silica parti@les or the flake-form
particles which have been conpatibilised in accordance with Exanple 1
A, B, or C. The flake-formparticles have an average dianeter of 5 pm
to 20 pmand _a thickness distribution from0.1 pmto 5 pm The two
resin mixtur &8 rakef %aﬁ’f’o@fnféa,m@tresmé@rrawm@d%g@i 22 8 and kypee adeixed

ot ert ng.val S 2 EPOS RSPl dtnd T RBET BEsPlaig SpEg % o
packages areuptesed daseat Silitdpadickpensthadlakaliven parded epschohadde

resin n‘ixturﬁsare t hen pl aced dropw se on the chips of the crude LED

packages usi R§ERREMRabEISedIN apraIsiansB fitkdEXEDBlEAT &, Eoralk iThedlaken a
dryi ng cabin 111.1@9? icch 4 i = . Last i
conposi tion) ?%rar‘r?‘ Eg&é%g @ée\{)ea%étg gg{ﬁglegdluéi on r\l,)%a}r“’r Pré]rtjaleza({/@r§1 a?(H{eaft @??%%\n&ﬁg
m xt ures ar edmtepaticedirom @&1$me éolHipar Te pee S0 00xiupss aduc@hbipad, 5

m n, roomtenperature): of each of the two_resin conponents JCR

50
6122 a and bSHFEIZdespssrtn! 0 op! e tgryintrogrcad gitedhe siaraer vessel o
h hor. Theg ; i i : i i d.
D0 et nod ot hepEREaT A Seroli AReigifi GallR Ao Rl BERGPLOR FIRTRAC,
or screw net epanl oratie &E ppekeges. arBohated KRORt0 theo depehsiagdk e, Gleb

LED packages,are placed, bepeath the di spensjing valve, d aqb tops of
the resin mi H%%P@Péeﬁ'ﬁ‘éﬁ' L tﬁ‘?'ﬂ)ﬁfﬂpc?g QSﬁg‘t"ﬁS@ Fhihsschips phiecsryde

LED packages ' sdi ?ﬁfﬂ e

in a drying (I:_ggjl E%Kdg‘% ?5% or lip%@%e?;T %% ﬁgaﬂ\?ﬁ%@% ﬁg&?@ﬁzﬂbrg{?%
casti ng conpesiryingmabinetext.1580C fbr dhotihelitring wisish the crgio (e astinkCEO mM-
6122 a and b _are subsequently again m xed with 4% by wei ght of the
uncoat ed gl aggsﬁpngﬂ'ﬁe a particles or the flake-form glass and/or
silica particles which have been conpatibilised in accordance with
Exanple 1 A, B, or C.' The two resin mixtures are com WO

2011/ 079900PE/Szprcaty diffission tarbendayerstirred and degassed. 10 m
are then introduced into the storage vessel of a jet dispenser or
screw netering val ve di spenser. The coated LEDs are placed beneath
the di spensi ngevalinging Mgnitbs ks brih a4 i ﬁrSde%)é‘?ﬁ&eF@r{%'ﬁééd 8600tphhe
resin mxture and theflake-formparticles are then applied to t%e
coated LEDs dgfaipnt henih, spendempelaiess: coat ed LEDs are then

conditioned LR a i ng binet at 150C for 0 duri whi ch. t he
Fosin of "t neoHi Rk A eIaRRINEE e prunsdiis JCRET22 &' e Pardddiited
with 4% by weight of a green orthosilicate phosphor. The two resin mixtures

-are combined, stirred and degassed. 10 mi are then introduced into the

A

storage vessel of a jet dispenser or screw metering valve dispenser.
Bonded COB (chip on board) crude LED packages are placed beneath the
dispensing valve. Glob tops of the resin mixture are then placed dropwise
on the chips of the crude LLED packages using the dispenser. These coated
LEDs are conditioned in a drying cabinet at 150°C for 1 hour, during which
‘the resin (= casting composition) cures.

50 ml of the two resin components JCR 6122 a and b are subsequently
again mixed with 4% by weight of the uncoated glass or silica particles or
the flake-form glass and/or silica parﬁc!es which have been compatibilised

in accordance with Example 1 A, B, or <. The two resin mixtures are com-



WO 2011/ 079900PCT/ EP2010/ 007271 11 Figures The invention will be
expl ai nedWMM20di/88Per detail below with reference to a nubdEEPIi0/007271
illustrative enbodi nents, in which: Fig.gl shows a honpbgeneous
distribution of the glass or silica flakes in the silicone or epoxy
resin matrix. 1: silicone / epoxy resin, 2: glass or silica flakes,
3: LED chip, 4: phosphor particles; B) separate diffusion barrier

| ayer; 5: di bingsi, sfirrbdmarnidededamped. tOnyizse itmen otrosiubed arte the sfioage

resin matri x whi ch conprises only the flake-formparticles; 6: ter
i 11 using | nYoRrg.Of 2ok dspeliser oy/saremperehag vRlieeiSpaneers T h 8oistm
particles arepud ggslabad Bbhehthand o%/@rrlsmq mvé.g%éfsgﬁﬁs@' béﬂmé%gbgg%

effectively preventi nfg1 the diffusion of water. aver ag
t he nmeasur emsabsisting phthd ieght miituse afid 86 {dEEsform chrtibleeara tisepapplied

ter diffusion barr.i .2 f th ts of th
ITant 11 ux ofS e Eebsed e thingaRe dRbebRYE ast R AT E PSS e GPon
ort hosi | i cat gitRhesnAe dfyy Gasfetdemd wihh1Hoak el Mg WRRAHE in Eﬁf e.

3. average of the neasurenments of the l[ight flux of "50 LEDs
have no wat etheififfugiirdpernsier layer cures.

e



WO 2011/ 0£99 /[ FP2010/ 007271 12 Patent Clainms 1 Castin

CONpPOSi t | g‘g?:gogggég h at | east one transparent silicone 0?8@5'6?)9}0’?0&'1%
conpri sing inorgani c phosphor particles1dnd glass and/or silica
particles and a UV or blue light-emtting diode. 2. Casting
conposition according to Claim1, characterised in that the gl ass
and/or silica particles and the phosphor particles are honogeneously
distributed in the casting conpositi of!9%We8asting conposition
according to Caim1l, characterised in that the glass and/or silica
particles are dispersed and aligned in a plane-parallel manner in the
casting conpdsietineentamdwiliree explaingddn dreset dytaliheiow adit referaate to a
casting conposition i ch conprises exclusively the phosphor
particles as nH"%é)rf\ém@tfép‘l’@ E&W'rﬁﬁf‘ﬁé}wh&\?ér. 4: Casting
conposition according to one or nore of Clains 1 to 3, characterised
in that the glass and/or silica particles have a dianmeter of 5 to 20
pm and a t hi gimebshaks @ Hormogéngous dsidbstiongf denplass br eiicadieresdimthet o
one or nore of. Clains 1 to 4, characterised in that the average
particle di afECare @5EPEYY {3 PIBEFhbISISNEI/ GPexYirgsiapd @ass er Siedt i ng
conposition {- ng- fti i : i sed
n That the | aer g e DaOEpRor O SRS Db feihalBh Hee:

fol | owi ng gr éayer; §\iff@Glon barriesdaySngorEistidig(oAlsilicGak 3 @ppxLeedinindiriar

gdggig&%m) CEXNC& COSFI;”IpﬁggSZ gll‘l[%f.'\eE '#lbkel@ér?nz Ig:a%edies\;( :Slw?é?gr%%ﬂ?seihg in.

Fig. 2: 1: glass or silica particles. The flake-form particles are aligned
parallel and overlap in the vertical direction, effectively preventing the diffu-

sion of water.

Eig. 3: 1: average of the measurements of the light flux of 50 LEDs which
have a separate water diffusion barrier layer.

2: average of the measurements of the light flux of 50 LEDs which have a
water diffusion barrier. The green orthosilicate phosphor has been mixed

with flake-form particles here.

3: average of the measurements of the light flux of 50 LEDs which have no

P
L 5

water diffusion barrier.



WO 2011/ 079900PCT/ EP2010/ 007271 13 (Ca, Sr, Ba) Si 2N202: Eu,

Sr Si Al 203N BUIOTRY Sr, Ba) 2Si 5N8: Eu, CaAl Si N3: Eu, zi nc aPKBEPH0EEETIh
metal orthosilicates, copper alkaline egmth netal orthosilicates,
iron alkaline earth netal orthosilicates, nolybdates, tungstates,
vanadates, group Ill nitrides, oxides, in each case individually or

m xtures thereof with one or nore activator ions, such as Ce, Eu, M,
Cr and/or Si 7. Casting conpositioRasendCliaimmso C ai m 6,
characterised in that the inorgani c phosphor particles are
orthosilicates. 8 Process for the preparation of a casting
conposition based on at |east one transparent silicone or epoxy resin
conpri sing inorgani c phosphor particles and glass and/or silica

parti cl es1aChsting\eopfipditith bagiit ol Bt Iddshanditef8pafditisaiebRE ios @Boky the
process steps of: a) honpgeneous m xing of inorganic phosphor
particl es WeHNFATUERINEWOrgarHs phageherpastitics angdalasscard/or silica parti-

b), clisper s%!%so%n& Q%\m&%weeléqm_g?ﬁﬁﬁ_@@gg?and gl ass and/or silica

particles w he tTanspare " epoxy resin c¢) coating of
the blue light-emtting diode with silicone or epoxy resin which
conprises_the phosphor and the glass and/or silica particles. d)
curing of2t hestipgiGompostionraerssdivgrte Claie 1pehpacterised inthat thagldssg

conposition . : r t . Silicone or epaxy.,.resin
conpri sing iaﬁgi?cgrgsr:]f% p %é’%ﬁ%ﬁ”dgﬁrgtpﬁ“gg Eéggé%'%é‘%sgsre H)%‘%e“@"f&ﬁﬁédlst“ )
articles amtedinMearasihgeohipghitiodm tting di ode, characterised by the
%rocess steps of:
3. Casting composition according to Clairn 1, characterised in that the glass

and/or silica particles are dispersed and aligned in a plane-parallel manner

in the casting composition and are arranged directly on an additional casting

composition which comprises exclusively the phosphor particles as a separ-

ate diffusion barrier layer.

4. Casting composition according to one or more of Claims 1 to 3, character-
ised in that the glass and/or silica particies have a diameter of 5 to 20 ym

and a thickness of 0.1 to 5 um.

5. Casting composition according to one or more of Claims 1 to 4, character-
ised in that the average particle diameter dso of the phosphor particles is
<20 um.

6. Casting composition according to one or more of Claims 1 to 5, characteri-
sed in that the inorganic phosphor particles are selected from the following
group:

(Y, Gd, Lu, Sc, Sm, Th)s (Al, Ga)s01,:Ce (with or without Pr), (Ca, Sr
Ba),Si04:Eu, YSIO.N:Ce, Y2Siz03N4:Ce, GdsSisOsN4 Ce,
(Y,Gd, Th,Lu)3Al5xSixO12xNy:Ce, BaMgAl19O47:Eu, SrAlO4:Eu, SrsAl14025:Eu,



a.) di sper%mq[{?;g?@ai nor gani ¢ phosphor particles with si %éﬁﬁ%“oﬁ‘?’%"ﬁre

epoxy resin ting of the light-emtting di ode wt

of phosphor particles and silicone or ed8xy resin. c¢) curing of the
coating d) dispersal of the glass or silica particles in silicone or
epoxy resin. e) production of a diffusion barrier |ayer oy coating

Cur i ng of L IGEaM PRSI 1 SR EhE EolC b et s et el et m

8 and/or 9, mlaéﬁr%ééﬁﬂm&ar&%oélnk&t@é ﬁéﬂgfkgnnébhhﬁ%n&%%hﬁ&es

are surface-coated with organosilicon conp
silicates, iron alkaline earth metal orthosﬁmates molybdates, tungstates,

vanadates, group lll nitrides, oxides, in each case individually or mixtures

thereof with one or more activator ions, such as Ce, Eu, Mn, Cr and/or Bi

7. Casting composition according to Claim 8, characterised in that the inorganic

phosphor particles are orthosilicates.

8. Process for the preparation of a casting composition based on at least one
transparent silicone or epoxy resin comprising inorganic phosphor particles
and glass and/or silica particles and a UV or blue light-emitting diode, char-
acterised by the process steps of:

-a) homogeneous mixing of inorganic phosphor particles with pulverulent
glass and/or silica particles
b} dispersal of the mixture of phosphors and glass and/or silica particles with
the transparent silicone or epoxy resin.

¢} coating of the blue light-emitting diode with silicone or epoxy resin which
comprises the phosphor and the glass and/or silica particles.

d) curing of the coating.

9. Process for the preparation of a casting composition based on at least one
transparent silicone or epoxy resin comprising inorganic phosphor particles
and glass and/or silica particles and a UV or blue light-emitting diode, char-
acterised by the process steps of:

a} dispersal of the inorganic phosphor particles with silicone or epoxy resin.
b) coating of the light-emitting diode with the mixture of phosphor particles
and silicone or epoxy resin.

¢) curing of the coating

d) dispersal of the glass or silica particles in silicone or epoxy resin.

e) production of a diffusion barrier layer by coating the cured phosphor
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coating

f) curing of the diffusion barrier layer.

10. Process according to Claim 8 and/or 9, characterised in that the glass and/or

silica particies are surface-coated with organosilicon compounds.



