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have a react *é’l’gnéég Tn%&t%'tﬁﬁlgut%{%oth the distribution over an LED is highly

angle-dependent, and also the light properties are not uniform from LED to
LED within a batch. LED manufacturers are therefore forced to carry out
complex and costly binning, which results in low yields of saleable LEDs
(the target bin with light properties which meet the requirements has a yield
of up to approximately 10% of total production. The remaining white LEDs
are either destroyed or sold at low prices as "open bin" often under secon-
dary brand names for undemanding applications). This expense becomes

( clear from the price differences between blue LEDs and white phosphor-
containing LEDs, which can be up to 100%. The high initial costs of the
white LEDs are in turn hindering rapid replacement of inefficient and short-
lifetime incandescent bulbs, halogen lamps and fluorescent lamps by white
LEDs.

Functionalisation of phosphors has already been described in the literature.
In A. Meijerink et al ,Phys. Chem. Chem. Phys., 2004, 6, 1633 — 1636, it is
described how nanophosphors which have a reactive surface (intrinsic
property of nanoparticles which have a large surface area to volume ratio

and saturate the high surface energy with bonds of any type) are bonded to
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LED Chi p, ang, on the other hand [n preparing a phaosphor which can be
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been found t BigehiiSe GfpRARARESLEY Bhsist 804 sHLSHE WYlFophobic organic
radical, a hydrophobic group and a silanol anchor group bonded to the
hydrophilic group. For homogeneous distribution of the phosphor, it is nec-
essary, despite the added dispersants, to subject the paste to grinding.
This can result in impairment of the properties of the phosphor, for example
due to the high energy input or due to contamination from the grinding

media material.

Q The object to the present invention consisted firstly in avoiding the above-
mentioned disadvantages, such as inhomogeneous and unreproducible
distribution of the phosphor particles over the LED Chip, and on the other
hand in preparing a phosphor which can be embedded easily in various

binder systems,

Surprisingly, it has now been found that this inhomogeneity of light distribu-
tion, which is caused by inhomogeneous phosphor layer, is avoided by
compatiblisation of the phosphor surface with the silicone or epoxy resin.
During the compatiblisation, the surface of the phosphor is provided with
functional chemical groups and linkers. These aliow the phosphor particles

to be matched to the hydrophilic or hydrophobic properties of the resin.



* tion, which is caused by inhonbgeneous phosphor |ayer, is avoided by
conpati blisation of the phosphor surface with the silicone or epoxy

. resin.  DuMMYIHE4onpat i bl i sation, the surface of the PHGERREBY0G8L73
provided with functional chemical groups-and |inkers. These all ow

t he phosphor particles to be nmatched to the hydrophilic or

hydr ophobi ¢ properties of the resin. W 2009/ 065480 PCT/ EP2008/ 008973
-3 This enables the preparation of honpgeneous m xtures of resin and
phos- phor wHihinerrpblasthe preparatian ethemageneaus mitieresrasesin and/pines-on
thus rel ates - i £ particles based on

| um nescent Bégf %[%?ﬁﬂ?g%ngéﬁlroﬁggag{]%teast one | um nescent
conpound sel ected fromthe group of (Ca, Sr,Ba)2Si 04 and ot her
silicates, 1in each case individually or m xtures thereof with one or
nore activator ions, such as Ce, Eu, M and/or My and/or Zn, where
at | east one-pgt t: t3d0ns: r ] Vel an
or gani o coat Img rsennarsidl s PRlstys £l o HBeTRoBleBEphBY FanRRS

| um nescent pased chdsmmesfcenapsicanphicl eocatpriseattieastoreunimessoent
conmpound sel ected fromthe ?r ou BauSr,%%EuxSi 04 (11) and/or,

Ba, Sr vCawEuX8PBPOUNAISEleGiR e, R ﬁérﬁ%@oeﬁwd g sdicatest he
surface of t g = : (o) L ki ng or
chern cal bong) et oo p R ke Mo BB A RSy
honmbgeneous dinst sbbluss die, du, tie aphas pho ranshot iZol, edecant ldest bne eetiah
the resin. D#ri n@ t he {j’fSi n curi%? g.ro;ess, Qﬁ sedi nentatjon of the
bhosphor par tPEPESNIRRE 8F serirpeial pRde A7venAnd an OLanic £ORIRE Altor s
havi ng hi ghappr@gengiet Mnheddet pafticled. e properties (for exanple

nor phol ogy, parti -

The luminescent particles preferably comprise at least one luminescent

compound selected from the group

Ba,SrZn,Eu,SiO, )
and/or
Ba,Sr,CayEu,SiO, (1)

where u+v+w+x=2.

The functional groups on the surface of the phosphor form an entangle-
ment and/or crosslinking or chemical bonding to the components of the
resin. In this way, a homogeneous distribution of the phosphor particles can
be fixed in the resin. During the resin curing process, no sedimentation of
the phosphor particles occurs. In particular in the case of phosphors having
high homogeneity of the particle properties (for example morphology, parti-
cle-size distribution) prepared by wet-chemical methods, phosphor layers

which are advantageous in accordance with the invention can be achieved.

The CCT (correlated colour temperature) of the LEDs according to the

invention is homogeneous over the entire angle range, i.e. the observer
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since it has a particularly large number of reactive hydroxyl groups, simpili-

fying further addition of an organic coating.

The metal, transition-metal or semimetal oxide coating is preferably sub-
stantially transparent, i.e. it must guarantee 90% to 100% transparency
both for the excitation spectrum and also for the emission spectrum of the
respective conversion phosphors employed. On the other hand, the trans-
(-' parency of the coating according to the invention can also be less than
90% to 100% for all wavelengths which do not correspond to the excitation
and emission wavelengths.
The coated phosphor particles are then provided with an organic, prefera-
bly substantially transparent coating, preferably of organosilanes or poly-
organosiloxanes (silicones) and/or mixtures thereof. This coating is also
carried out by wet-chemical methods or by a vapour-deposition process.
The organosilicon compounds react here with the surface OH groups of the
phosphor particles or with the inorganic coating. The chains of the organo-
silicon compound form a more or less porous layer around the phosphor
particles. By modification of the organic chains of the silicon compounds,

the desired hydrophobicity of the phosphor particles, the structure of the
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3- gl yci dyi ox§iRpya-tnethacryloxytrimethoxysilane, 3-glycidyloxypropyltrimethoxy-
silane, beta-(3,4-epoxycyclohexyl)ethyitrimethoxysilane, gamma-iso-
cyanatopropyltrimethoxysilane, 1,3-bis(3-glycidoxypropyi)-1,1,3,3-tetra-
methyldisiloxane, ureidopropyltriethoxysilane, preferably 3-aminopropyl-
trimethoxysilane, 3-methacryloxytrimethoxysilane, 3-glycidyloxypropyl-
trimethoxysilane, beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, gamma-

(' isocyanatopropyltrimethoxysilane.

Particular preference is given to the use of the following compounds, alone
or in mixtures:

o Silquest A-186% [beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane]

e Silquest A-1310% gamma-isocyanatopropyltriethoxysilane

e Siiquest A-1110® gamma-aminopropyltrimethoxysilane

o Silquest A-1524% gamma-ureapropyltrimethoxysilane

« Silquest A-174% gamma-methacryloxypropylirimethoxysilane

*+ Silquest A-151° vinyltriethoxysilane
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metal or sem netal oxide coating is between 5 nmand 50 nm The
coating

The particle size of the phosphors according to invention is between 1 pm

and 40 pm, preferably between 2 um and 20 um.

The thickness of the coating according fo invention, consisting of inorganic
and organic coatings, is between 5 nm and 200 nm, preferably 10 nm and
50 nm. The particle size of the primary particles of the metal, transition-
metal or semimetal oxide coating is between 5 nm and 50 nm. The coating
according to the invention is not automatically homogeneous, but instead
may also be in the form of islands or in droplet form on the surface of the
particles. The thickness of the organic coating depends on the molecular
weight of the organic groups and can be between 0.5 nm and 50 nm, pref-
erably between 1 and 5 nm.

The amount of the organic coating is between 0.02% by weight und 5% by
weight, based on the surface-coated phosphor particles, preferably 0.1 to
2% by weight.

The present invention furthermore relates to a process for the preparation

of a surface-modified phosphor particle, characterised by the steps:
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preparation of a photghperapaetl el10AC,mM xi ng at | east two starting
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vapour - deposition process, c. application of an organic coating. The
coating of the phosphemimpeaia pridesnicswehchérishhot vagmuafdepaisitipnozrocess
out by wet-chem cal nethods by precipitation of the netal,
transition-nmetal or sem netal oxides or hydroxides in aqueous

di spersion. To this apglicatibg dftm s@ahRbddtiagphor is suspended in
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sol - coated phosphor is suspended in water in a reactor and coated with the
metal oxide or hydroxide by simultaneous metered addition of at least one
metal salt and at least one precipitant with stirring.
As an alternative to metal salts, it is also possible to meter in organo-
metallic compounds, for example metal alkoxides, which then form metal
oxides or hydroxides by hydrolytic decomposition. Another possible method
of coating the particles is coating via a sol-gel process in an organic sol-
vent, such as, for example, ethanol or methanol. This process is particularly

suitable for water-sensitive materials and for acid- or alkali-sensitive sub-

-

stances.

The starting materials for the preparation of the phosphor consist, as men-
tioned above, of the base material {for example salt solutions of aluminium,
yttrium and cerium) and at least one dopant, preferably europium or
cerium, and optionally further Gd-, Lu-, Sc-, Sm-, Tb-, Pr-and/or Ga-con-
taining materials. Suitable starting materials are inorganic and/or organic
substances, such as nitrates, carbonates, hydrogencarbonates, phos-
phates, carboxylates, alcoholates, acetates, oxalates, halides, sulfates,
organometallic compounds, hydroxides and/or oxides of the metals, semi-

metals, transition metals and/or rare-earth metals, which are dissolved
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following known methods. are preferred:

« coprecipitation with an NHsHCO;3 solution (see, for example, Jander,
Blasius Lehrbuch der analyt. u. prép. anorg. Chem. [Textbook of
Analyt and Prep. Inorg. Chem.] 2002)

e Pecchini method using a solution of citric acid and ethylene glycol
(see, for example, Annual Review of Materials Research Vol. 36:
2006, 281-331)

(‘ » combustion method using urea

e spray-drying of agueous or organic salt solutions (starting materiais)

e spray pyrolysis of aqueous or organic salt solutions (starting materi-
als)

In the above-mentioned coprecipitation, which is particularly preferred in
accordance with the invention, an NH,HCO, solution is added to, for exam-
ple, chloride or nitrate solutions of the corresponding phosphor starting

materials, resulting in the formation of the phosphor precursor.
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organic salt,sglutions (starting materi- als) |In the, aboye-pmentioned
copreci pi ¢ at 1OME RREGHN Befiack ARiFaPHigion Bedlent forsis s ebr Hanagd aneh
the inventi ogthyahd\GHEEIGE adRkl! iR RxbmAEd89hé Anoleim %?T?d%ﬁate solu-
chloride or nitrate solutions of the correspondi ng phosphor starting

mat eri al s, r&90$oOf e correspndingmindsphosistarting pratepalsrat poemutesgera o
2009/ 065480 PCT/ EP2008/ 008973 |n the Pecchini nethod, ,a . ,

orect o tat i oflTFeaaNte BURos i sybehUEt FEstsl iikrara i sy ycol
i s added, foregg){@rmlpﬁgsgﬁ)o,t@@Cgkg@y%mwnoned nitrate solu- tions of
the correspondi ng phosphor starting materials at roomtenpera- ture,

and the m xture is subsequently heated. Increasing the viscosity

results in phogRhRiow e6mbsetion BidTRbd GRe db‘bvbhﬁeﬁﬁlﬂ‘#@j ﬁiﬁﬁ?&@élhﬁgns of

met hod, the above-nentioned nitrate solutions of the corresponding
phosphor st athg agrespandizg shesmoristartiog angliedalsdirestainexample, disgaved

th boi | ed fl and t ted wi : | ti in.t
Sl ow o mati Shgrer ReHiuERHsIden e 8t Bty fhen P gtng it of
éhe aer osol gRMNAmativhicthh@pRosHdratbeliiseed by spraying sol utions,

uspensi ons or dispersions into a reaction space (reactor) heated in
vari ous ways and the formati on and deposition of solid particles. In

contrast to S@f@y?ﬁEWs@isttﬁiéW@fth@%&@%l%ﬁ@fﬁ%ﬁ@}%%ﬁ are E¥Bfactelidiel BB

deconposi tion of starting materials used (for exanple salts)

spraying solutions, suspensions or dispersions into a reaction space
(reactor) heated in various ways and the formation and deposition of solid
particles. In contrast to spray-drying using hot-gas temperatures < 200°C,
thermal decomposition of the starting materials used (for example salts)
and the re-formation of substances (for example oxides, mixed oxides) ad-
ditionally occur, in addition to evaporation of the solvent, in spray pyrolysis

as a high-temperature process.

_ The 5 method variants mentioned above are described in detail in
C DE 102006027133.5 (Merck), which is incorporated into the context of the

present application in its full scope by way of reference.

The surface-modified phosphor particles according to the invention can be

prepared by various wet-chemical methods by

1) homogeneously precipitating the constituents, then separating off the
solvent, followed by a single- or multistep thermal aftertreatment,
where one of these steps may be carried out in a reducing atmos-

phere,



 and the re-formation of substances (for exanple oxides, m xed oxides)

ad- ditional Iy occur, in addition to evaporation of the solvent, in
spray pyroPys7%8906:48% i gh_ tenperature process. The 5 nebhBEPRAMPUSATS
ment i oned above are described in detail 1i0n DE 102006027133.5 ( Merck),
which is incorporated into the context of the present application in
its full scope by way of reference. The surface-nodified phosphor
particles acgording to the invention_can be prepared by various

wet - cheni cal Eﬁet ﬂBgEY cﬁY/'dTﬁ th@r%'é@ﬁ@o%le%aﬂ}pé%}”ﬁhttﬁ? Byt ;spray process,

constituents, theRqs8RAVRHJ A Q{Jerﬁ,h%uaﬁ@!j\b%“é sin&%'- 'o?‘fﬁﬂti@égghéﬂn@é?l

| e-
or nmultistep thermal aftertreatnent, ere’one these steps nmay be
carried out in asaftedestmgnitwingre Qieeoehe¥®sBIhagHesaried out in a
PCT/ EP2008/ 008973 %@%%ﬁél ﬂelg dividing the m xture, for exanple

with the aid of &£ Ofand renoving the sol vent, foll owed

by a single- or nultistep thermal aftertreatnent, where one of these
steps may be carried out in a reducing atnosphere, or 3) finely
di vi di ng t he3ni xfinely dividingdhampixtires ioh exaepde witbftha akheby spraycprosess,

and renoving the I .in,association w.th rolysis, follo by a
gl o Cor "l 1 €08 TR e SRR i AP tort R Y B B pEEE Py oo
nmay be carried osingled ¢t rmesebrtBeahaDsBNTEaimdlt GHBREEHERK these steps

wet - cheni cal coating the phosphors prepared with the aid of methods

1 - 3. The wet - cAE karagiedpuitat agedeeingadmenpbeifor is preferably
carried out by the precipitation and/or so]-gel nethod. In the
fbove-mentioned thernmal aftertreatment, it is preferred for the

cal ci - nati on)t osbeseqpreritlgdvetidheatichleasitingahé loyosplles pregaeidngith the

dition for e
conditions ( af&agr}methods1—3.

The wet-chemical preparation of the phosphor is preferably carried out by

the precipitation and/or sol-gel method.

In the above-mentioned thermal aftertreatment, it is preferred for the calci-
nation to be carried out at least partly under reducing conditions (for exam-
ple using carbon monoxide, forming gas, pure hydrogen, mixtures of

hydrogen with an inert gas or at least a vacuum or oxygen-deficient atmos-

( phere).

In general, it is also possible to prepare the uncoated phosphors according
to the invention by the solid-state diffusion method, but this causes the dis-

advantages already mentioned.

The above-mentioned processes enabie any desired outer shapes of the
phosphor particles to be produced, such as spherical particles, flakes or

structured materials and ceramics.

In addition, the phosphors according to the invention can be excited over a

broad range which extends from about 250 nm to 560 nm, preferably



Pl e using carbon nonoxi de, form ng gas, pure hydrogen, m xtures of
hydrogen with an inert gas or at |east a vacuum or oxygen-defi cient
_atnmos- pheM&)200965¢¥neral , it is al so possible to preparRCTRR2008/008973
‘uncoat ed phosphors according to the invention by the solid-state

di ffusion nethod, but this causes the dis- advantages already

menti oned. The above-nenti oned processes enabl e any desired outer
shapes of the phosphor particles to be produced, such as spheri cal
particles, fPB&Ra¥N &y abebt v nred hesedriogbBowmredbrasuiablelfar axeitatioon,

he phosph I ' b j br oad
angb wht o BULRce IS oA P oG R B P Eqpen” 2
2009/ 065480 ROHARR2EHHTLOMBB68 (for kadfle bas¢donMy)t 500 nm  These

phosphors are thus suitable for excitation by UV- or blue-enmtting
primary |ight sources, such as LEDs or conven- tional discharge |anps

f | _ _ ( : _
(for exanpl eyhased o i ntm%rt@t%ﬁﬁﬁfg rélé’t)é@%bﬂﬂll&M%ﬁ?éW@%@ﬁé@s

to an illumnnation unit having east one primar
whose em ssi teastaxenuimary light sberceaviyrse @BBsium maxB3Emnisin theefaegabl y

Ul 1y conver £80 TRES SPBREr BB KK g bt b ROy b e the prirtary’
lon uni t - pr A SeuBTSRIRRE SERRY Naphe WG IO onclliadalon By na-
certain col othe spdace-madiiesliphesphdesrandonditignioi thedpveritiona Thiseifl emired
enbodi ment of. the.illum nation upit .according.to the inven-.tign, the
Coht | sour cetPd h RirStRaT s Wil iREr S anie o fia\ogmaerpussiop
parti (_:ul ar obom(@c@@ﬂ,nyh@elnﬁgrga%,m&ﬁ{e)y\here 05i, 05j, 05k, and
i +j +k=1. Possible forns of |ight sources of this type are known to

the person skilled in the art: They can be light-emtting LED chips
- having vari OH‘?a%tréfé?rIeldirgﬁbodiment of the illumination unit according to the inven-

tion, the light source is a luminescent indium aluminium gallium nitride, in
particular of the formuia IniGaAlN, 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: They can be light-emitting LED chips having various structures.

In a further preferred embodiment of the illumination unit according to the
invention, the light source is a l[uminescent arrangement based on ZnO,
( ’ TCO (transparent conducting oxide}, ZnSe or SiC or an arrangement based

on an organic light-emitting layer (OLED).

In a further preferred embodiment of the illumination unit according to the
invention, the light source is a source which exhibits electroluminescence
and/or photoluminescence. The light source may furthermore also be a

plasma or discharge source.

The phosphors according to the invention can either be dispersed in a resin
(for example epoxy or silicone resin) or, given suitable size ratios, arranged

directly on the primary light source or, depending on the application,



in a further preferred enbodi nent of the illum nation unit according

to the |nvent| on the |light source is a | um nescent arran1g}en;ent
~ based on zH§?*% Etﬂtransparent conducting oxi de), ZnSe 'drT&@RIAR
‘arr angenent based on an organic light-égi-tting layer (OLED). In a
further preferred enbodi nent of the illumnnation unit according to

the invention, the light source is a source which exhibits
electroluninescenc ot ol um nescence. The |ig ource
furthernore &'S898 f%mogﬁﬁgeﬁ% nh%tsraéragaﬁﬁ@@t alpgdn 9H§§%hmofe
accor di ng t ophBEphEMEBRIOBgFRTI EB%ntQ@eQb?P&ﬁé%dprp?ﬁoF?édHho[c(d;Pr

exanpl e epoxy or silicone fesin) or, given suitable size rati os,
arranged di regkhgworo tfhfepgtrslonmwlekil igHibe solLanskartsr revdek@dnébrreg(amplehl@

l'i cation, 009/ 065480 ..PCT/ EP2008/ 00897 o
her e rom (t HE TIPS BIARYBTEE SRS i aont BRi SR oFTh
t echnol ogy") (200%. peygnktages of renote phosphor technol ogy are known

to the person skilled in the art and are reveal ed, for exanple, in
the foll ow ng publication: Japanese Journ. of Appl Phys. Vol . 44,

for the opt Bt gl RECOPhiat is bisiFed BiER Whber dreliBalf BrELAR

coat ed phosphatio@flittieewssh Ry Yodtb@MhospHbEand mé)ﬁnmaqhngﬁme_@ubae fEBas
of a light-conducting arrangenent. This enables t

rimar ht
source to bearhigvaf Mdﬂﬁ@n%O&@hghbq:ondjtcaﬂg@ﬂrwm@tb hig gty éﬁst%

coupl o4 12, BB ABREto e RS A0S CERRE B SRR R

as, for exa con |ng

to the ill unneupl&tjltomh&\psbeﬁhcarhy meast of tighiscaidurtngideoivesosuch as, for
di fferent phos hor s e arranged to forma | |$ht screen,

and a |ight ESAAR élgw]mnq;{pﬂ,ng f%é%%dﬂéh'st‘%al empe imatehed (e Wuivice,
can be achi eﬁﬁﬁlon WisHdy énd"fr%rel?tcohéwﬂﬂé of%‘n@'cﬁ' diffeRABbhoPhdis ShhRAY
rce at_a | ocation

primary |ight sou i's favour -
may be arranged to form a light screen, and a light conductor, which is

coupled to the primary light source, can be achieved. In this way, it is pos-
sible to position a strong primary light source at a location which is favour-
able for the electrical installation and to install lamps comprising phosphors
which are coupled to the light conductors at any desired locations without

further electrical cabling, but instead only by laying light conductors.

( The present invention furthermore relates to the use of the phosphors
according to the invention for partial or complete conversion of the blue or

near-UV emission from a luminescent diode.

The present invention furthermore relates to the use of the phosphors
according to the invention in electroluminescent materials, such as, for
example, electroluminescent films (also known as lighting films or light
films), in which, for example, zinc sulfide or zinc sulfide doped with Mn*",
Cu” or Ag" is employed as emitter, which emit in the yellow-green region.
The areas of application of the electroluminescent film are, for example,

advertising, display backlighting in liquid-crystal display screens (LC dis-



able for the electrical installation and to install |anps conprising
phosphors _which are coupled to the |light conductors at an¥ desired
. locations WAHIUPS 4% rt her el ectrical cabling, but insteBel/BRIYSPPI73
laying light conductors. The present inAvéntion furthernore relates to
the use of the phosphors according to the invention for partial or
conpl ete conversion of the blue or near-UV enission froma
| um nescent di ode. The present invention furthernpre relates to the

use of the pﬁ&%’ﬁ?\@ﬂg th'&cfﬂ'@rf(ﬂ@rﬂﬁs@bqlf@ dipRlads. ii-flgminating vehicle

el ectrolumn I

ol et 1 ol U nagasn; PR TioBL praptii i Sorkial R AP Erysh-resistant gnd
filns), in V\Asll;mmrocﬁfdarrm&tepluedlw[aycam!bf cdretrcdrelemanmtﬂd:rfempiepad
with MZ +|s enpl o tter, %ﬂh emt t he

yel | ow gr eenar”&cij?% fes, YRS, S %‘ﬁﬁi{fi c8f 7l5R dpMeis app"ances gafde”
el ectrol um ng [ BRI R ay

backl i ghti ng ?g%{i\?%rﬁl !(;Id@car%glg?allrgdt[ spl ay oggpgggégﬁlﬁgﬁ(‘g?gqvgnze%tg/ 065480
PCl YEP2008/ 008973 -13 plays) and thin-filmtransistor (TFT)

di splays, self-illumnating vehicle |I|icence plates, floor graphics
(in conmbination with a crush-resistant and slip-proof lamnate), in
di spl ay and/ ghedaméwidl ¢Xapimas sre frﬁén@ﬁ:ﬁf&f’ﬁl@st‘ré‘te tﬁétp%@?itlmentbhal ns,
ships and aircraft, or also donestic appliances, garden equipnent,
measuring i nmsttﬁeﬁﬁhQBerﬂ ngnay besegerdsglapimiiing. AHeonmaungisry

Chey shou d PRTRENREy Blicheptie Boad T RariREcs bt Bt pBhrac Y

conponent s wabmimerRmllpenussisicidt danebe OytNSSiEEOBY kKb neENRIdskmewn and
connerC|aIIy avai |l abl e or. can be synthesi sed by known net hods. The

t enper at ur es [¢MBPEYTEG INdicEies iBthasKag PR HWPYS §ivesnni & & further-
further- norg, a0 e‘é"vm?ﬂ_ﬁ sﬁgf’ﬁg:}ﬂaf B3tn i f%kq%]s%n@ﬁgn gﬂﬁ P R and
es, e add

also in the exa afounts o one s In
conposi t i ons exatrpss teeddded bm@dt@bﬁth@éorﬂnﬁ@ﬁ@nt@@ﬂ mt@r@poémbas gl ven
shoul d al ways, be

yaiways add up to a total of 100%. Percentage data given should always be

-~ regarded in the given connection. However, they usually always relate to

- the weight of the part-amount or total amount indicated.

Examples

Working Examp!le 1a: Coating of a phosphor powder with SiO, (gen-

eration of active hydroxyl groups)

20 g of a phosphor comprising Ba,SiO4:Eu are suspended in 1 litre of
ethanol in a 2 | reactor with ground-glass lid, heating mantie and reflux
condenser. A solution of 17 g of ammonia water (25% by weight of NH3) in
70 ml of water and 100 ml of ethanol is added. A solution of 48 g of tetra-
ethyl orthosilicate (TEOS) in 48 g of anhydrous ethanol is slowly added

dropwise (about 1 mi/min) at 65°C with stirring. When the addition is com-



vegarded in the given connection. However, they usually always relate
to the weight of the part-anmount or total amount indicated. Exanpl es
. Working Ex¥hi%¥4%48%Coat i ng of a phosphor powder with Si®2I/ELRIAS008973
‘eration of active hydroxyl groups) 50 g1af- a phosphor conpri sing
Ba2Si O4: Eu are suspended in 1 litre of ethanol ina 2 1 reactor with
ground-glass lid, heating mantle and reflux condenser. A solution of
17 g of ammonia water (25% by weight of NH3) in 70 m of water and
100 m of et Rigi@I thessusipgagionss stirge form Birtheg Zgheirst raught t Faam tem-
orthosilicat i I ded
dropw se (abgﬁfiﬁéw ﬁ]té%dgmggggllaﬁgﬁggﬁsﬁ%?%ﬁ] éﬂgllt%@ H%Sjtl on is
com WO 2009/ 065480 PCT/ EP2008/ 008973 -14 plete, the suspension is
stirred for g further 2 hours, brought to roomtem (égrature and

filtered. Th&%ﬂ&@@ﬁﬂﬂa&%‘amma@mﬁh%pﬁ%pam witniQ: (gen-

Exampl e | %5 er with Si02 (gen- eration of
active hydroxy group%ghvgdwbqagpgép hor conpri si ng

Ba0. 342Sr 1. 5Eu0. 055Zno. 003Si X4: Eu are sus- pended in 1 litre of

ethanol in a 5 I Treag}tor wi th ground-glass |lid, heatin mant| e and
reflux condeR9érOf APSGERRPIHFPBFIISING &a@mﬁm&‘ﬁoaﬁ%ﬁo@ﬁ %3215@6' BYE SW&i ght

of NH3) in 7QcAHe@fn Wh%r?{om fardd O %12(#&8%5}%94 %l'o?m éj%!id\ k?é%ltfr\b' on

of 48 g of tetraethyl ort |cate ydrous
et hanol is marm%raddﬁtﬂlxohmﬂwnser @aﬂuﬁodoﬁﬂ?mo‘ﬁarﬁmo@&(}meﬂ(%% by
irred

for & fort neneis et o GAgRkSr wEioF 8B 0GrLe G bREoNAde: Bresitifome
[eSi due 1S VREHSY uf iitaBiAORbodShiod1EeSE) OB BOARMATBLE chinal i

Coati ng of a phosphor po eratio active
hydr oxyl gr oajesyly added dropwise (about 1 ml/min) at 65°C with stirring. When the

addition is complete, the suspension is stirred for a further 2 hours, brought
to room temperature and filtered. The residue is washed with ethanol and
dried.

Working Example 1¢: Coating of a phosphor powder with SiO, {gen-

eration of active hydroxyl groups)

90 g of a phosphor comprising Bag geSr1.18Cag s2EUg.21Si0,4 are suspended
(.‘ ' in 1 litre of ethanol in a 2 | reactor with ground-glass lid, heating mantle and
reflux condenser. A solution of 17 g of ammonia water (25% by weight of
NHa) in 70 mi of water and 100 ml of ethanol is added. A solution of 48 g of
tetraethyl orthosilicate (TEOS) in 48 g of anhydrous ethanol is slowly added
dropwise (about 1 ml/min) at 65°C with stirring. When the addition is com-
plete, the suspension is stirred for a further 2 hours, brought to room tem-

perature and filtered. The residue is washed with ethanol and dried.

Working Example 2: Coating of a phosphor with Al,O3

50 g of Ba,Si04:Eu phosphor are suspended in 950 g of ethancl in a glass



- 50 g of a phosphor conprising Ba0309Sr1. 15Ca0. 52Eu0. 21Si 4 are

suspended . in 1 |itre of ethanol in a 2 | reactor with ground-gl ass
C1id, heati R #8HP8%nd reflux condenser. A solution oqu17E52033/008973
“anmoni a wat er (25% by vvel ght of NH3) 570 m of water and 100 m of
et hanol is added. A solution of 48 g of tetraethyl orthosilicate

(TECS) in 48 g of anhydrous ethanol is slowy added dropw se (about
1 mM/mn) at stirrin Wien the addition is com plete, the

suspensi on i ge%q%) gg hegting m ﬂeﬂépog qﬁ@@rebthaﬁtpla,ifﬂgtiqrbof( @Rj’ﬁpf'%%
erature and i3 ti

e ndt o i, gl N, MgV e

Ba2Si O4: Eu pﬁ@s@ah’d’th @trreng@ypetme@burae QBGVghomrseDhanglthlsmdailtgjrasth;e pe

2009/ 065480 PCT/ EP200 0897 h heat tl 600
of an ethanol§ ¢ FE& ﬁltgfaadﬁ g% %B E%grggaa@ﬁ{lqng B?d'ﬁ%%’gr@é 5 forkgg
of sol ution gyRemBicEhrRIercltRIdiTM lgwét@ﬂn@mxtﬁ%svgtmd%t: 86°'C“ﬂ)r a

over the course of 2% hours. During this addition pH
constant at Birhasy hetrethan aekled toroon tsmemwmrdﬂhde)m@pbortsml-

For 'a furt hores b st Bl E8PBT Y& e (empor atur e, and the

phosphor is fil- tered off, washed with ethanol and dried. Coating of
t he phosphor from Exanples 1la to ¢ and / or 2 with func- tional
groups: Wrking Exanple 3a: Silanes for epoxy polynmers (hydrophilic
variant, GE silanes, epoxysilane; suitable for epoxy resins) 100 g
pf t he phosphor or of the surface-nodified Ba2Si 4. Eu phosphor are
suspended i nCba%ihgbf Be SRbQﬁhéﬁﬂowE%méme 14 @0¢ 8K /Fr 2 WithPfuridle
pH of the suspension is adjusted to pH=6.5 using 5% by wei ght H2SO4,
and the suspengl groupsheated to 75C. 4.0 g of a 1:1 m xture of

Sil quest A-186(r) [beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane]
and Silquest A-1310(r)

Working Example 3a: Silanes for epoxy polymers (hydrophilic variant,

GE silanes, epoxysilane; suitable for epoxy resins)

100 g of the phosphor or of the surface-modified Ba»SiO4:Eu phosphor are
suspended in 1350 ml of deionised water with vigorous stirring. The pH of
the suspension is adjusted to pH=6.5 using 5% by weight H>SQy, and the
( suspension is heated to 75°C. 4.0 g of a 1:1 mixture of Silquest A-186°
[beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane] and Silquest A-131 0®
[gamma-isocyanatopropyltriethoxysilane] are subsequently metered into
the suspension over the course of 60 min 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
to 6.5 by means of 5% by weight H,SO,.
The suspension is subsequently filtered and washed with deionised water
until salt-free. Drying is carried out for 20 h at 130°C. The phosphor powder

obtained in this way is then sieved by means of a 20 ym sieve.



1 gamma-i socyan atop ropyltriethoxysi |ane] are subsequently netered
into the suspension over the course of 60 min with noderate

. stirring. W¥AE*%ddition is conplete, the mixture i sPSUBSHGHEIETY
stirred for 15 min in order to conpletd6t-he coupling of the silanes
to the surface. The pHis corrected to 6.5 by neans of 5% by wei ght
H2SO4. The suspension is subsequently filtered and washed with
deionised water until salt-free. Drying is carried out for 20 In at
130C. The phosphor powder obtained in this way is then sieved by
means of a 2 i) (] . : I he r ki ng
Beaml o 3 b e R e A i natsne Phasiding 100
g of the surteaplimydi fi ed Ba2Si O4: Eu phosphor are suspended in 1350
m of deionised water with vigorous stirring. The pH of the
suspension is adjusted to pH=6.5 by neans of 5% by wei ght H2SO4, and
the suspen- sbory bethRaalRelifodBEd B2,8i0, £l (ﬁ'ho%' Rofthidl dlidheetih guest
A-1110(r) [gamm&a- am nopropytri nmet hoxysffan aﬁ Si'l quest A-1524(r)
[ gamma- ur eapi 8pQIml afrdaienines ysiteranid) vaoeosubisdnaehhd pHwfttbeedispansion

th i t h f 75.mn with te stirring,

When tho. add FONEled BeRHTESEY infend B B b web T Sci end he sffer

for 15 m n i Bichrigeeatd EOPHICIE0IHET £ 9UPHiAGre @ffs?%sﬁhtﬁﬂﬁ@ (@S-
[

surface. The pHis corrected to 6.5 by neans of 5 y wei ght "TH2SO4.
The suspensi 8mingpopplivegibaxysilane] eed Sdquest AvdSR4d [gammeadeicani smd-

e phosphor U Tstisel SBel Al LAk IS e & v Ins Pl TS
a 20 pm si eveourséstki NGBt aRhed&ete YimyhsWirdietHeOdd&lidn B pleas Rher
coupling 100 g of the surface-nodified Ba2Si O4: Eu phosphor are

suspended i nMgH0e i sigFsegeipBiY sbdedderetd win i 9idgs te gemplste the goumlieg
. PHoof the Su§pPERSLihes to the surface. The pH is corrected to 6.5 by means of 5% by
weight H2S50,.

The suspension is subsequently filtered and washed with deionised water
until salt-free. The drying is carried out for 20 h at 140°C. The phosphor

pewder obtained in this way is then sieved by means of a 20 um sieve.

Working Example 3c: Vinyisilane for silicone-phosphor coupling

( 100 g of the surface-modified Ba;Si04:Eu phosphor are suspended in
1350 ml of deionised water with vigorous stirring. The pH of the suspension
is adjusted to pH=6.8 by means of 5% by weight H,S0,, and the suspen-
sion is heated to 75°C. 6.0 g of a 1:2 mixture of Silquest A-174® [gamma-
methacryloxypropyltrimethoxysilane] and Silquest A-1 51 [vinyltriethoxy-
silane] are subsequently metered into the suspension over the course of
90 min 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 to 6.5 by means of 5% by
weight H2SO4.



1s adjusted to pH=6.8 by nmeans of 5% by wei ght H2SO4, and the suspen-
sion is heated to 75C. 6.0 g of a 1:2 m xture of Silquest A—174(r3

. [gamma- metBEPYPEE8Mr opyl t ri met hoxysi | ane] and Si | quest PAVEERDF§08973
[vinyltriethoxy- silane] are subsequentHly -netered into the suspension
over the course of 90 min with noderate stirring. Wen the addition
is conplete, the mxture is subsequently stirred for 15 mn in order
to conplete the coupling of the silanes to the surface. The pHis
correct ed tolbessuspensignds spbspausntly et app seshedwitiodeipoissdgater
PCT/ EP2008/ 0 7314 nsi [ VAR d
washed with gg?%%lggégmgﬁégmﬁiﬁ (Tsdrgg tO?JF f%}?f@%gqapygn@él Eﬁgg?rﬁ}ed
out for 20 hpatvde4dbtaifdeirpiniswhgis theovalevedby aigred dfra 2Oiusn vayei S
then sieved by neans of a 20 pmsieve. Wrking Exanple 4: Production
of an LED The followi ng m xtures are prepared in a Speedm xer (r)

(speed 3000 wgpkin%!immﬂgrgtﬁ iuctidh gf hegptenperature): 50 nl of
the two resi 6 a'and bare in each case nixed
with 8% by wei ght of the phosphor powder conpatiblised in accor-

dance with Eﬁ mle 3 a, b or c and 1.2%of silicic acid powder having
an average %g,{gﬁ@wmgfmmge%@,re PHRPAGR It astResdniker @dsaeed SERBIMAR,

stirred andgdRgagssehn: FomiH 185 t%nﬁ%réﬂh{a .

of a jet dis- penser or screw netering val've di spenser. Bonded COB
(chi p on boak@)ml efrthddwbEBsiparhapmerds dCH Bt22 alazidowatdim eticipeass ng

R Shi ps ot MRRER Wi Sl R E 3 Dy Phok 8 SobShe B Lo °
These coat eddhEES vwtheE£aRgle3 bi 9BeE Hd 199C0f Siicit a'&%owge'ahmf ag

cabinet. The resin cures Iin the proc- ess. Description of the fTgures
average diameter of 0.5 um. The two resin mixtures are combined, stirred

)oduced into the stock tank

and degassed. 10 m! are then introduced into the stock tank of a jet dis-
penser or screw metering valve dispenser. Bonded COB (chip on board)
crude LED packages are placed below the dispensing valve. Glob tops
comprising the resin mixture are then dripped onto the chips of the crude
LED packages by meagns of the dispenser. These coated LEDs are condi-
tioned at 150°C for 1 hour in a drying cabinet. The resin cures in the proc-

£8S.

Description of the figures

The invention will be explained in greater detail below with reference to a

number of illustrative embodiments. The figures show the following:

Fig. 1: Phosphors (1) prepared by "mix & fire" incorporated in resin (3)
above the LED chip (2). The diagram on the left represents the state



“The invention will be explained in greater detail below wth
reference to a nunber of illustrative enbodi rrents The figures show
. the fol | owMRR0¥PG80: Phosphors (1) prepared by "nix & FG¥EF2008/008973
‘incorporated in resin (3) above the LEBgchip (2). The diagramon the
| eft represents the state WO 2009/ 065480 PCT/ EP2008/ 008973 -18
imedi ately after application of the phosphor/resin mxture to the
chip. After curi ng{gof the resin (4 the state of the phosphor/resin

mxture i s adnmegl bosaftaﬂa@m‘cmfuo hggthasPhot/msin BYEFe ihtheprbp.

ticl e
partcles or b uats S0l FPICTRI BRSNS SRUIELA BTl o5
di stri buti onfolews (rngh&héndfdiamasr)i 1|hé| Iérgmphbsphorqﬁartlblesree(hltnta Btrgng 2:

Phosphor powder em cal nethods i ncorporated
inresin (3) %{B%F&Vttﬂ‘é( C%[f%ﬁ”‘ﬁ% 3250” '%H@ Rask¢leh SRBSTIUFINIY déﬁg% e the
homogeneous  gehEdobd !rﬂfbn?c’;goérfé%u'éw ﬁﬂfﬂlgﬁ‘?ﬁ%ﬁ s RWAES S e;rgbﬁdlﬂc
hormogeneity is facilitated by the conpati sation according to

i nvention ofionlod tgheasimor surface with the resin properties. Durl ng
curing, the distri- bution is not affected since the phosphors are,
in accordance with inven- tion, crosslinked with or chem cally bonded

to the resinFid.m: Ghsbhsi pmdédﬁﬂp@@&?h@%ﬁ%h@ﬁ@aﬁmbﬂﬁ)diD is
uni form (see ri ght hand fi g | i cone-

si | ane- coat eHGPRRRIFERS | 'np”&lstri @’I @?0(’@&%&@[}1@1'?\&@ T(ﬂﬁeﬂﬁﬁrl'@fﬁld fQW@@LhQM@s
wi th respect h
surface Bondgﬁjéjgéﬁl%ﬁg%gﬁgpﬁmr%’?o@@? “ma %é‘?’gﬁ%ﬂ i yd%r%' ?Rés
phosphor par hommnenyudf@crheaed byClhetdw’lmﬁtl%saﬂlt&ndccdrﬁmgrioltymmivent]on
chai ns can @] ‘spacers” and tlillus hi nder a%%I Brrer ation of

f theogho e

phosphor par £ I SHHBFRUFE thEJRAINTYOBEEReDEBRp 4'BY; heistri-
phosphor par i 11g ]
consti tuent sbgﬁbf%eﬁ(?teésl téc?%?nggr;[lﬁgv §bhﬁﬂ§2009$0%%c‘§g%§ﬁ%%%\len

"PCT/ EP2008/ 00809.,7&0sslinked with or chemically bonded to the resin. In conclusion, the
phosphor layer above the LED is uniform (see right-hand figure).

Fig. 3: shows silicone- or silane-coated phosphor-particles (1) having two
different structures with respect to the polymer chains (2). On the one
hand, the surface-bonded polymer chains improve the dispersibility of the
phosphor particles in the resin. On the other hand, the polymer chains can
- act as "spacers" and thus hinder agglomeration of phosphor particles. Fur-
thermore, bonding of the compatiblised phosphor particles to the resin

(crosslinking or reaction with constituents of the resin) is achieved.



=19 Patent Clainms 1. Surface-nodified phosphor particles based on
| um nescent particles which conprise at |east one | um nescent

. conpound s&@@@&6*§%mthe group of (Ca, Sr, Ba)2Si 04 andPet/FB}008/008973
silicates, in each case individually or 19m xtures thereof with one or
nore activator ions, such as Ce, Eu, Mh and/or My and/or Zn,
characterised in that at |east one nmetal, transition-netal or

sem netal oxide |layer and an organic coating are applied to the

| um nescent parti- cles. 2. Surface-nodified phosphor particles
according to Claim1l, character- ised in that the | um nescent
particles conprise at |east one | uRakest&daimanpound sel ected from
the group Ba~Sr"ZnwkEuxSi 34 (11) and/or Ba~Sr,Ca, EUXSIO4 (111) where
u+v+w+x=2. 3. Surface-nodified phosphor parti cles accor di ng to Caim
1 and/or 2, characterised in that the netal, transition-netal or
sem netal oxide |ayer conprises oxides/hydroxides of Si, A, Zr, Zn,
Ti and/ or mni At uBegacae-herdigd phosp&mfpmtdnlmdaséecédnriuhmirpmoen’p]aarttibkelses
according to one m)eo aracterised.in_tha

organi ¢ coating 9'8 o?tgﬁﬁ%t ong U§H@§SC&“?88F}R9“@§ @qtgg{érﬁgﬁhe
(silicones) a”%r@hp@f’(tﬁﬁ%%ﬂ%éf@%nd M@e?@@l%é%ﬂ'?%&%éﬁméw@%@

-20 5. Surface-nodified phosphor particles according to one or nore
of Jains 1 tdﬂ&(tUF@ﬁdh@EﬁOéWI@e@WQ ar mgae actieatpaionscuctsay Ecpfu; Mn

phosphor parti C‘J:lr?d%f‘ ﬁ/lg and/or Zn,

( characterised in that at least one metal, transition-metal or semimetal

e

oxide layer and an organic coating are applied to the luminescent parti-

cles.

2. Surface-modified phosphor particles according to Claim 1, character-
ised in that the luminescent particles comprise at least one luminescent

compound selected from the group

Ba,SrZn,Eu,SiO4 (1)
and/or
Ba,Sr,Ca,Eu,SiO, (1IN

where u+vi+w+x=2.

3. Surface-modified phosphor patticles according to Claim 1 and/or 2,
characterised in that the metal, transition-metal or semimetal oxide layer
comprises oxides/hydroxides of Si, Al, Zr, Zn, Ti and/or mixtures

thereof.

4. Surface-modified phosphor particles according to one or more of Claims
1 to 3, characterised in that the organic coating comprises organo-

silanes or polyorganosiioxanes (silicones) and/cr mixtures thereof.



- “between 1 and 40 pm 6. Surface-nodified phosphor particles according

to one or nore of Clains 1 to 5, characterised in that the netal,
_transiti onYWRIUPOGH8%Seni metal  oxide coating and the or g¥Al/EPHSHRIAG
‘are substantially transparent. 7. Proce®9 for the preparation of a
surface-nodi fi ed phosphor particle according to Claiml1,
characterised by the steps of: a) preparation of a phosphor particle
by mxing at least two starting materials and at | east one dopant
and thermal treatnent at a tenperature T > 150 C, b) coating of the

phosphor par il chriitd. it eﬁdosdfr(oﬂe)%.'rﬁdl@&acé%mg BlorRe HBIELr XS
in a wet-chem cal or vapour-"deposition procCess, ct) application of an
organi ¢ coati ngl 184, eharaeksisad dottdit tige bartdiasire ©f ticd phagtiesri seaticles is
that the netal, transition- _netal or sem netal oxide and the organic
coating are subREWRENA) PYY 4PHAsparent. 9. Process according to O ai m
7 and/or 8, characterised in that the netal, transition-netal or

sem netal oxide enpl oyed are nanoparticles and/or |ayers of

oxi des/ hydr o®i degrfate-giodifd plresphon patticles accwdinignatdnensr mbez ebClaims.

P di . g f . .C to.9, ch teri i
that - the. phosphdh 5t SiReRERER by e Bt banSiehibag) o semupam
and/ or WO 2009/&@@é%@a@éﬁ@@@@ﬁf@f@ﬁ?@@%ﬁﬁfé@ S\ Gt By MRidbarent.

sem netal, transition-ne and/or rare-earth netal salts by neans
of sol-gel processes and/or precipitation processes. 11. Process

di t f j 7.to 1 h t.erni i hat th
Coari ng s ok rosiestrbinBiorgr ela of orkuit s oL ik R Bat atid® or
sem met al oxi deadwordigitd iQMinDY, atHacwsised byaRe 3RO sol utions of

a) preparation of a phosphor particle by mixing at least two
starting materials and at least one dopant and thermal

treatment at a temperature T > 150 °C,

b) coating of the phosphor particie with a metal, transition-
metai or semimetal oxide in a wet-chemical or vapour-

deposition process,

c) application of an organic coating.

8. Process according to Claim 7, characterised in that the metal, transition-
metal or semimetal oxide and the organic coating are substantially
fransparent.

9. Process according to Claim 7 and/or 8, characterised in that the metal,
transition-metal or semimetal oxide employed are nanoparticles and/or

layers of oxides/hydroxides of Si, Al, Zr, Zn, Ti, or combinations thereof.

10. Process according to one or more of Claims 7 to 9, characterised in that

the phosphor is prepared by wet-chemical methods from organic and/or



< *non-vol atil e salts and/ or organonetallic conpounds. 12. Pr ocess

according to one or nore of Clains 7 to 11, characterised in
. the starti &%@%P&?’&W%q s and the dopant are inorganic and/ B‘FT’bF@Qﬁp‘}?gB

‘substances, such as nitrates, carbonate®] -hydr ogencar bonat es, phos-
phat es, carboxyl ates, al cohol ates, acetates, oxal ates, hali des,

sul fates, organonet aI I i c conpounds, hydroxi des and/or oxides of the
netals, semnetals, S|t|on ggl& d/or rare-earth netal s

which are dis- 'QB[%HC ?o?e@l@ ’]m?rt%férﬂdéo%{ﬁﬂ? SRrhgaal o
liquids. 13. Progess, ree@sdiRg-58) %@eéges'@ﬁcﬁo%re%pﬁa%n prfac?es%%s.

characterised in that the phosphor particles conprise at [east one
of the follow ng phos- phor materials: (Ca Sr, Ba) 2Si O4: Eu and ot her

silicates, i ch case_in dual ture ne or
nore acti vat ﬂelgr@r?gssﬁgﬂ Cgrég tgeon%g €o r%? i/ﬁo Q@ngh @M 8é‘%s
according to Orltﬁa@fhérétﬁeﬂlr@fls@aﬁ*lé’éﬁo@t Whh é@lea%h@ﬁé‘%@(él %@%sm&n hBad or

the organic coating conprises organosilanes or polyorgano- siloxanes
(silicones) andi&ringtat oxide byrrstcilisin ofigyuaduswen ntat-aauears $olht1tvrnmgf at

| east one pri sion maximumis in the
range 250 nm {'ﬁﬁ%gkb%ﬂ}e %%“ééf rfdéﬁ?@rsg%g Zﬂ”'C%Wpr?H\ngﬁd 500 nm where
sone or all of this radiation is converted WO 2009/ 065480

PCT/ EP2008/ 008973 -22 into a | onger-wavel ength radi ati on by
sur f ace- nodi f ?e%lr%ﬁé% FRePrding tq ong pegcie @b Cdpimg € & dhecharanisrisedfin

€har act ori sed 1Mot i =R pRTerE o 26 BLBaark gt Sar argeni

al um ni um gal | isubstariggsdeuch aspﬁtrétesuéﬁboﬁétest hedrogenthdohBtdeapAbKN,
where 0 < i, and +k=1. 17. Illum nation unit

i +
according to CJFH?%?’LiGCaFEH’éY'Q@ﬁe?‘C%G!m?ﬁ Aegtateheoxstrigs, halides, sulfates,
organometallic compounds, hydroxides and/or oxides of the metals,

semimetals, transition metals and/or rare-earth metals, which are dis-

solved and/or suspended in inorganic and/or organic liquids.

13. Process according to one or more of Claims 7.to 12, characterised in
that the phosphor particles comprise at least one of the following phos-
phor materials:

(Ca,Sr,Ba),Si0.:Eu and other silicates, in each case individually or

( mixtures thereof with one or more activator ions, such as Ce, Eu, Mn
' and/or Mg, Zn.

14. Process according to one or more of Claims 7 to 13, characterised in
that the organic coating comprises organosilanes or polyorgano-

siloxanes (silicones) and/or mixtures thereof.

15. lllumination unit having at [east one primary light source whose emis-
sion maximum is in the range 250 nm to 530 nm, preferably between

380 nm and 500 nm, where some or all of this radiation is converted



- *phor is arranged directly on the primary |light source and/or renotely

therefrom 18. Illumnation unit according to Caim17, characterised
in that th&bPPYRSP8% coupling between the phosphor and tFel/BPioAR(papo73

""light source is achieved by a |light-ce@@ucting arrangement. 19.
[I'lum nation unit according to Claim18, characterised in that the
light source is a material based on an organic light-emtting |ayer.
20. Illumnnation unit according to Claim characterised in that

d 2 19, e :
the light sourBE fdongelyvavelengih sadiglion By syuriacednedf adiphespaeicrart-
and/ or phot o- I(ﬁgg RESSRIMEo dre Ogﬁ%_ré)fo elaihRapio #ne surface-nodified

c alm

phosphor particle accordi'ng to as conversion phosphor for
conversion of primary radiation into a certain colour point in

d i h | .- on- demand n- . 22, f | t
cocordance vuh LR Soloyt on e can: con 28 Urclr e Lo
conversion of bidigc@lis A@HidYcen iBgIAN aludtiRiuvh Falilg Miide in baricalidras-

the formula InGaAlkN, where 0 <i, 0 <j, 0 <k, and i+j+k=1.

17. Hlumination unit according to Claim 186, characterised in that the phos-
phor is arranged directly on the primary light source and/or remotely

( therefrom.

18. lllumination unit according to Claim 17, characterised in that the optical
coupling between the phosphor and the primary light source is achieved

by a light-conducting arrangement.

19. lumination unit according to Claim 18, characterised in that the light

+ source is a material based on an organic light-emitting layer.

20. lllumination unit according to Claim 19, characterised in that the light
source is a source which exhibits electroluminescence and/or photo-

luminescence.

21.Use of at least one surface-madified phosphor particle according to
Claim 1 as conversion phosphor for conversion of primary radiation into
a certain colour point in accordance with the colour-on-demand con-

cept.

22.Use of at least one surface-modified phosphor particle according to
Claim 1 for conversion of blue or near-UV emission into visible white

radiation.



