« P 07/120 VA -1- Surface-nodified conversion phosphors The invention rel ates
to surfacéddaified phosphor particles to which a netal, transition-neta
or sem netal oxide coating and subsequently an 5 organic coating are
applied, and to a process for the productiaon thereof. During curing of the
resin which contains the LED phosphors, sedinenta- tion of the phosphor
particles occurs. As a consequence, an inhonbgene- ous and unreproduci bl e
di stribution of the phosphors over the LED chip or 10 in the renote

phosphor | ayer ari ses. result...the LEDs have larqge dif- ferences in

li ght distribution; botésuff@C%T@M'ﬂﬂcf&P%‘(/%\:s'm Eﬂmr&hly

angl e- dependent (Figure 1), and also the |light properties are not uniform
fromLED to LED within a batch. LED manufacturers are therefore forced to

carry out CconpifXindefticiefdlhteshb Roiage-rmbdifibd pessphier partitlew tyivelicks aof

sal eabl e 15 LEDs ﬁthe target bin with |light properties which neet the
requirenment s Haetal dransdion-oetalpreemipstaldda epstingoand subsrayetivaduct i on.
The r_enai ni ng R - I S I : LGES as
Thert b o U ssbRY o SoBISA S BREs o B foflchturene
applications). This expense becones clear fromthe price differences

bet ween bl ue LEDs and_white 20 phosphor-cant ai nj EDs, which, can be up to
100% The hi gHPuning pwingekthe regin Whieh geriains tssLBPPhasPhars Rdiereng rapi d

repl acenent of, ineffici shart -l ' | CaRt; dal ogen
| anps and fl uC}Fogsé‘ffeth{e‘ﬁhg%%ggﬂ@am\%&?’téecchﬁbgé %gobgﬁ%él Fggﬁ%?ag?
phosphors has @ly @atlynkesodaesierdistebution bhthd phespdioss ever the INEDjobig ok et
at., Phys. Chem Chem Ph%s. , 2([i)04, 6, 12%3 - 16?6t Chi be howd.
nanohosphor s iMNe FEREtRPBOSRIRE 1aYRE ALisPEoC® 3(PRY: thEi pYve largg dffy
nanoparticl es g i U 61RGRe HiStAD RO SVt Eh [ED g saturate
the high surf a%@%gpgys\r}mﬁ?%ﬁ@%ﬁgﬁ’ t(5) tﬁan?/ tlyp.e) are bonded to @%ﬂy
t et r amret hyl r haatagie-cdepédgent (Figure dl)yamch alsagheilightpraperiasiare net wiksnye
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
15 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
secondary brand names for undemanding applications). This expense
becomes clear from the price differences between blue LEDs and white
20 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
shortlifetime incandescent buibs, halogen lamps and fluorescent lamps by

white LEDs.

25 Functionalisation of phosphors has already been described in the literature.
A. Meijerink et al., Phys. Chem. Chem. Phys., 2004, 6, 1633 — 1636,
describe how nanophosphors which have a reactive surface (intrinsic prop-
erty 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

30 tetramethylrhodamine (dye) with glycine as linker in order fo observe



-P 07/120 VA - G charge transfer. However, the process described is
unsui t abl%*PY? bondi ng phosphors to resins and for achieving
_conpatibilisation. Y. T. Nien et al., Mterials Chem stry and Physics,

2005, 93, 79 - 83, dis- close how nanophogphors are embedded in HVDS
(hexamet hyl di silazane) 5 in order to saturate the reactive and unstable
surface. In this case, no bonding takes place, but instead nerely enbeddi ng
of the nanophosphor in an SiQ2 matrix. US 2007/0092758 di scl oses a

i sper sant _and"&iBorgane Heserer. hrEParssprsecbed Bl APl Brale o
m xed, and thg;pe pﬁ&'&% rb§|rﬁ'aﬁ{befoff%hieﬁhr{d%mﬁbﬂﬁﬁéatlo-ﬁhe di spersants used

consi st of a fic hydrophobic organi ¢ radical, a hydrophobic group and
a silanol anchorT. g\freuptlabnmemaistﬁmm!ammaodrﬁhyswsgéﬂaﬁ 98019 hdithgéeous

di stribution of t hos I S ne ite dded

di spersants, 55:::%‘?‘@ Bﬂgofﬂé‘?r@ A %@%@N%%Pﬁﬁ'@%ﬁ”}@&ﬁﬁ{ﬁ?ﬁa”@

i npaisr ment of uﬁ beddH iRt iraes tiaf retafaﬁv@aﬁam@,tamé@nrfgzs@mwtﬂls ¢ @ the high
energy input or due to contamnation fromthe grinding nedia material. 20

The obj ect of hdndiny iekeatplace; dut insteabmsirelyambedding wf the agaepherphondn
above- nentioned ﬂ%Fadvantages such as i nhonogeneous and unreproduci bl e
di stribution 6" % hor particles over the LED chip, and secondly in
preparing a phosphor mhlch can be enbedded easily in various binder
systenms. 25 Sur§r|5|n , 1t has now been found that this inhonngeneity of

light distribdJ tZDBWO 768 disclesasse #hpypheheagavtieusopsislsgHc Phasrers, is
ouo 89,2, YD BRSBTS BHEE Tt e BB
provided wth dispersant and binder are mixed, and the phosphor is dispersed in the
binder. The dispersants used consist of a specific hydrophobic organic
radical, a hydrophobic group and a silanol anchor group bonded to the
hydrophilic group. For homogeneous distribution of the phosphor, it is nec-
15 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.

20 The object of 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 secondly in
preparing a phosphor which can be embedded easily in various binder
systems.

25
Surprisingly, it has now been found that this inhomogeneity of light distribu-
tion, which is caused by inhomogeneous phosphor layers, is avoided by
compatibilisation of the phosphor surface with the silicone or epoxy resin.
During the compatibilisation, the surface of the phosphor is provided with

30 functional chemical groups and linkers. These allow the phosphor particles

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



- 30 functional chem cal groups and linkers. These allow the phosphor
particl €9""P¢" be matched to the hydrophilic or hydrophobic properties of
the resin. P 07/120 VA -3- This enabl es the preparation of honbgeneous
"mxtures of resin and phos- phor which doanot tend to flocculate out. The
present invention thus relates to surface-nodified phosphor particles 5
based on | um nescent particles which conprise at | east one | um nescent
conpound, where (Ca, Sr, Ba)2Si 04 and other silicates having one or nore
activator ions, .such nd/ or._codapants based o

s ,Eu, Ce and a Fe, Cu
2ndl o 2n are IS PiBRES 47 PrFAENan O baBIodsAE0NR ST GaRr S of Bdh 208 MEPRsi ng
oxi des/ hydr oxig#ep viMichPlo ndt terfd to Hdeculdte®fl/ Or m xtures thereof and subse
10 quently an organi c coating of organosilanes or pol yorganosil oxanes

(sili- cones) and/or mxtures thereof are applied to the |um nescent

ticl . T | um t,. ticl f bl ago] t | t f
Phe. ol Tow ng | NEoESRHETeREST useiie 1S s ol bassdiansdtipien o °
W thaut Pr), ‘fﬂs@aMrﬂ%minéﬁ?r&@%%l@@wh@?c%rﬁﬁﬁé@é%est one luminescent

(Y, Gd, Tb, Lu) 3AI 5_XSi XOL2_XNx: Ce, _BaMyAl 100L7: Eu (with or wi thout M),
Sr Al 204: Eu, SrcoripoLoes where (Cafrdpa)pa) i anahersilicaies ravitp mpe gl more

(Ca, Sr,Ba)2Si 5N3: Eu, . (Ca, S, i N2 Ey,..CaAl Si. N3: Eu bdat e

Loagst atan. v ot Bush s CE ant Rl Foddbart? b bfre, cu

i ndividual |y ejhdpardnafsekdladed andiviiere@idedit omerifoReiniy/Riyer co@psisinguch as
Ce, Eu, Mn, C, Tb and/or Bi, where the above-nentioned restriction

regardi ng t he cxisiesdrciaiges o5 Siidlales/n, cd andfriesixiues pyerpof apd wybse-
a8 Cer osl ARPIE A el < RERods TUEdIARBR ST pRECRAhABARS fii-hl!

resin. In thi soney) andioo migeneotierdoiane dpdiiedrto dfie tumeingbosmiysartiplast i cl es

can be fixed in the resin. During the resin curing process, no
sedi nent ati on

The luminescent particles preferably comprise at least one of the following
compounds:

15 (Y,Gd,Lu,S¢,Sm, Tb)s(Al,Ga)sO42:Ce (with or without Pr), YSiO;N:Ce,
Y2Si303N4:Ce, GdaSizOsN4:Ce, (Y,Gd,Th,Lu)sAls4Six0q24Nx:Ce,
BaMgAl40O47:Eu {(with or without Mn), SrAl,O4:Eu, SrsAl14025:Eu,
(Ca,Sr,Ba)Si;N20,:Eu, SrSiAl;O3N,:Eu, (Ca,Sr,Ba);SisNs:Eu,
(Ca,Sr,Bé)SiNz:Eu, CaAlSiN3:Eu, molybdates, tungstates, vanadates,

20 group [l nitrides, oxides, in each case individually or mixtures thereof with
one or more activator ions, such as Ce, Eu, Mn, Cr, Tb and/or Bi, where the
above-mentioned restriction regarding the doped/codoped silicates

continues to apply.

25 The functional groups on the surface of the phosphor form an entangle-
ment and/or crosslinking with 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

30 having high homogeneity of the particle properties (for example morphol-

ogy, particle-size distribution) prepared by wet-chemical methods, phos-



- of the phosphor particles occurs. In particular in the case of phosphors 30
havi ng ﬁ?@ﬁgﬁﬁnngeneity of the particle properties (for exanple norphol -
ogy, particle-size distribution) prepared by wet-chem cal nethods, phos P
"~ 07/120 VA -4- phor layers which are advanyageous in accordance with the
I nvention can be achieved. The light properties of a white LED which is
provided with the coated 5 phosphors according to the invention are shown
in Figure 1 (black curve): +the CCT is honogeneous over the LED over the
entire angle ran i .e, .the observer perceives the e col oyr
Lenperature (AOBHYEss iish 5ra AaRadeals i Frordgnosonith das Mveplogsepe Lep
provi ded wi t h geoauastapnal phosphors (prepared by mx & fire) has large
vari ance of the CCI, neaning that the 10 observer perceives a different
light colour in different directions. During the functionalisation or

surface of t nd inisinsbbERbs eraRfly LECWAERY bro B RgTE cogler °" ' "°
sem getal oxi %d%phw a6RAEINGAb tRE IMARBIOR -6 RAGIWN iﬁ_fFi?Lll’é 1 @VEJk pligepsses.

The inorganic coating preferably conprises nanoparticles and/or |ayers of
oxi des/ hydr oxitbe £GF isshomagengells guer the [l /oyer Heetireandie Fasgre, i-A- 819 i con

oarticul ar iy SosEagetered t SbeXadutRFIEEER SBAEdbwRR i ng
further additimitR. BX contean the Gt DBD prbgided Withdbrivedtiahalnshadbhors

oxi des/ hydr oxi des of Zr, Zn, Ti and/or mxtures _thereof is Ereferably
subst ant i al | y (prepaspdbyrinix & fiee) has laras vafirncerefdbe §407 t weapmgthebihe

t ranspar ency bt r.t i t.at ] . Mr’q l.sQ: he em s sion
spegt%r um of  t i? Sgé\gegéjce[rp(%\elgéé%n@@%éeﬁgﬂa@ﬁ%&s!% or gd?@%%lnggg%&fo "the other
hand, the transparency of the coating according to the invention can also
be | ess than 90%to 100% for all, wavel engt hs whi ch d?, not corre-
During the functionalisation or surface modification, firstly reactive hydroxyl
groups are formed on the surface of the phosphor particles by a metal,
transition-metal or semimetal oxide by wet-chemical or vapour-deposition

15 (CVD) processes.

The inorganic coating preferably comprises nanoparticles and/or layers of

oxides/hydroxides of Si, Al, Zr, Zn, Ti and/or mixtures thereof. A silicon

oxide/hydroxide coating is particularly preferred since it has a particularly
20 iarge number of reactive hydroxyl groups, simplifying further addition of an

organic coating.

The inorganic coating of oxides/hydroxides of Al, Zr, Zn, Ti and/or mixtures
thereof is preferably substantially transparent, i.e. it must guarantee 90% to

25 100% transparency both for the excitation spectrum and also for the emis-
sion spectrum of the respective conversion phosphors employed. On the
other hand, the transparency of the coating according to the invention can
also be less than 90% to 100% for all wavelengths which do not corre-
spond to the excitation and emission wavelengths.

30 The coated phosphor particles are then provided with an organic, prefera-
bly substantially transparent coating of organosilanes or polyorganosilox-

anes (silicones) and/or mixtures thereof. This coating is also carried out by



- spond tqg the excitation and eni ssion wavel engths. 30 The coated phosphor
particI5§ "HP ¥ t hen provided with an organic, prefera- bly substantially
transparent coating of organosilanes or polyorganosilox- anes (silicones)
“and/or mixtures thereof. This coating is_glso carried out by P 07/120 VA
-5- wet-chem cal nethods or by a vapour-deposition process. The organo-
silicon conpounds react here with the surface OH groups of the phosphor
particles or with the inorganic coating The chains of the organosilicon

conpound form a (r‘}?lre orI ‘ii‘ﬂ or Qus our.}d t he hor particles.
By modi fi cat i SFtGNeIHEAIgRS 2 LB R SRSl Beone e« o
hydr ophobi ci t‘éiii%ntc@ﬁnﬁﬁmﬁﬁ%'écpﬁéﬁe' \ﬁi'ti@?ne éuhﬂac%t O@Wuﬂs(lff tﬁé‘ﬁh@éphor .

e

gomer/ pol yner chains and the coupling (physical and/or chemcal) t
resin are contadidiesior with tbemganicmw@ngrfﬁin@ybamanﬁ tlpﬁa@r@amsilgmon

al koxysi | anes S nasi | ropyl tr hox ane
propyltriet hof?mpéiulngﬁgnﬁias%ﬁugﬂ? ?gqs&qrﬁggﬁelrgﬁcguncﬁ%@ ?m%oﬁgﬁﬁmi | ane,
| -ockyl tri met XodBich86§ of he6fgdnid LRl ¥y &id dilidon Bokipeuhds,itABldaekygi | ane,
dodecyl tri net hoxy- silane, hexade gl trimet hoxysil ane,

vinyl t Ir i met hﬁmdrom@@mwr@‘ftbemow Obi@arjiplesﬂherﬁétuﬁbt@es@ﬁ theliand
tylt | | |
varof ysat os. apbegrecthafie e eI (kR ahe" uRflal ARES, ' (e

trade nane Dy@ﬁﬁ)dr@@ontr@u@djl as, for exanple, Dyna- syI an HS 2926,
Dynasyl an HS 2909, Dynasyl an HS 2907, Dynasylan HS 2781, Dynasylan HS
2776, Dynasyl dmerEgaposilanas %iaalqyﬁsraremf@bﬁ\i%y ﬁﬁ‘oxW'iﬂﬂ%i | ane and

am S|Iane h onal i sed
or gafosi | anes P MBS oP ofidhsahas o BRCARRH- RS broglrEisly

3-net hacryl OX)sliIanﬁatsbmwﬁnmmwaﬂmam dmymaﬂmsmanm@hmmethcbme

bet a- ( 3, 4- epoxycyclohex I)ethyltrinethox si | ane,

cyanat opr opy! tSilahe: hreshilrietinxysiang, p-deey. tQITS‘f’éi ,@B@n%mcfe_cyltrimgt@xyet ra-
silane, hexadecyltrimethoxysilane, vinyltrimethoxysilane, preferably n-octyl-
trimethoxysilane and n-octyltriethoxysilane. Suitable oligomeric, alcohol-
15 free organosilane hydrolysates are, inter alia, the products marketed by
Sivento under the trade name "Dynasyian®"
sylan HS 2926, Dynasylan HS 2909, Dynasylan HS 2907, Dynasylan HS
2781, Dynasylan HS 2776, Dynasylan HS 2627. In addition, oligomeric

vinylsilane and aminosilane hydrolysate are suitable as organic coating.

, such as, for example, Dyna-

20 Functionalised organosilanes are, for example, 3-aminopropylirimethoxy-
silane, 3-methacryloxytrimethoxysilane, 3-glycidyloxypropyltrimethoxy-
silane, beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, gamma-iso-
cyanatopropyltrimethoxysilane, 1,3-bis(3-glycidoxypropyl)-1,1,3,3-tetra-
methyldisiloxane, ureidopropyltriethoxysilane, preferably 3-aminopropyl-

25 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:

30 e Silquest A-1 86® [beta-(3,4-epoxycyclohexyl)ethyltrimethoxysilane]

e Silguest A-131 0® gamma-isocyanatopropyltriethoxysilane



. nethyldk%%k9§9ne, urei dopropyl tri et hoxysil ane, preferably 3-am nopropyl 25
trinethoxyS|Yane, 3-net hacryl oxytri net hoxysil ane, 3-gl yci dyl oxypropyl -
trimet hoxysi | ane, beta-(3,4-epoxycycl ohexyl)ethyltrinmethoxysilane, ganmma-
" isocya natopropyltrimeth oxysilane. Partgcular preference is given to the
use of the follow ng conpounds, alone or in mxtures: 30 Silquest
A-186(r) [beta-(3, 4-epoxycycl ohexyl)ethyltrinethoxysil ane] Si | quest
A-1310(r) ganmma-i socyanatopropyltriethoxysilane P 07/120 VA -6- Sil quest
A-1110(r) gamma-am_pnopropyl triget hoxysil ane i.l quest A-1524(r) gamma-u
reapropyl t ri met hbxyAPSHeA- 14110 gamm :amlﬁ_lppppyﬁﬂm% oxysilane

ganmma- et hacr yl oxypf; i ﬁw’ é ' G r)
vinyltriethoxysi {a?élag¥g<ér¥p@?gs 0 p%ﬁgﬁﬁ?ﬁoﬁygwgﬁ{é’@‘%m and

pol yor ganosi | oxanesilguest AdydPigapeimarmyBa8B/Id:3hPepinenathexyaiaket ed, for
exanple, by Sivento.  under thg trade nane Hydrosil(r). 10 The choice of a
sui tabl e silane s SHgpesidRrio] ivindirietiaxysilai® whet her the silane is to be
bondsd to an epoxy resin or to a silicone resin. For high- power LEDs (with
el ectrical connected load of mn. 1 W, a silicone resin wth long-term

radi ati on and Bxampiesibfipelyietigidilahy sysidmdand peor stlegah&s ard ow or
medi um power LEDs (el ectrical connected | oad < as are suit 15 abl e,

1 W,
for exanple, fgecHRAIN Y PR Mgk anchaicomareled dpbRyamela, PYwivenioower

tenperature a | Al Il hty.@ 11 be selected. The particle size of
t he phosphorsﬂgg%gﬁﬁ%@%ﬁg e *’#\'{(/%é’lrllt'i on is between 1 pm and 40 pm

preferably between 2 pmand 20 pm 20 The thickness of the coating

acc%di ng to Lﬁ"u% éhrcla\tlceenct.ni g@uitgﬁgssjilgﬁ(ie ri]sgdgpger%dqeonrt,-inter alia, on whether the
silane is to be bonded to an epoxy resin or to a silicone resin. For high-
power LEDs (with electrical connected load of min. 1 W), a silicone resin
with Iong-term radiation and temperature stability will be used, whereas for
low- or medium-power LEDs (electrical connected load < 1 W), as are suit-
15 able, for example, for backlighting applications, an epoxy resin with lower

temperature and radiation stability will be selected.

The patticle size of the phosphors according to the invention is between 1

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

20
The thickness of the coating according to the invention, consisting of inor-
ganic and organic coatings, is between 5 hm and 200 nm, preferably 10 nm
and 50 nm. The particle size of the primary particles of the metal, transi-
tion-metal or semimetal oxide coating is between 5 nm and 50 nm. The

25 coating according to the invention is not necessarily 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 mole-
cular weight of the organic groups and can be between 0.5 nm and 50 nm,
preferably between 1 and 5 nm.



- ganic ar}c&w%ggni c coatings, is between 5 nmand 200 nm preferably 10 nm
and 50 nm The particle size of the primary particles of the netal, transi-
tion-metal or sem nmetal oxide coating is between 5 nmand 50 nm The 25
" coating according to the invention is notynecessarily hompgeneous, but
instead may also be in the formof islands or in droplet formon the
surface of the particles. The thickness of the organic coating depends on
the nole- cular weight of the organic groups and can be between 0.5 nm and
50 nm prefe | y_bet 1 and 5 n P 07/ 120 VA -7- The anount of the
organi ¢ coati n@gi%nglé@mﬁe&r%@'ﬁﬁﬂag%@ IR PHiER: 0-02 @ing &%l e, to 2% by
wel ght, based pestetdifly SUT (2% PALRM AN thePfiitdcd-Esated pHARRBPS !
invention furthernore relates to a process for the production 8 a
sur f ace- nodi f Paligfosphor particle, characterised by the steps of: a.
producti on of a phosphor particle by mxing at |least two starting
materials and at | east one dopant and thernmal treatnent at a 10

tenpeérat ure TThelr@Sentinve®iin fugthefmbRerdiRas RO A prBaésd fdreh¥ipkdd@lichngr 9ani ¢
| ayer conpris- ing oxides/hydroxides of A, Zr, Zn, Ti and/or m Xxtures

thereof in a@ reRPdiiedghogabelpardelso shaiasterjseddeys the stBps of:appl i cati on
of an organic coating of organosilanes or pol yorgano- siloxanes (silicones)
and/or m xtures thereof. The coating of the phosphor particles is

particul arly pref arabpgodirtivhef a@HospR8r pArteR! by Afkhe 2t I8t ARE Stdtin

precipitation of the above-nentioned oxides or ~ hydroxi des in aqueous
di spersion. To this eRtiteiiale and@igasd opesient and theuealdrerithantabat er in a

reagpor and coated Wt“ﬂw&%td@tﬂ 1%>6L§e or hydroxi de by sinmultaneous

netered addition of a east one netal’salt and

b.  coating of the phosphor particle with an inorganic layer compris-
ing oxides/hydroxides of Al, Zr, Zn, Ti and/or mixtures thereof in
a wet-chemical or vapour-deposition process,
15
c.  application of an organic coating of organosilanes or polyorgano-

siloxanes (silicones) and/or mixtures thereof.

The coating of the phosphor particles is particularly preferably carried out

20 by wet-chemical methods by precipitation of the above-mentioned oxides or
hydroxides in aqueous dispersion. To this end, the uncoated 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.

25 As an aiternative to metal salts, it is also possible to meter in organometal-
lic 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 solvent,
such as, for example, ethanol or methanol. This process is particularly

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

stances.



-at least one precipitant with stirring. 25 As an alternative to netal
salts,iﬁwmﬁvglso possible to nmeter in organonetal - |ic conpounds, for

exanpl e netal al koxi des, which then form netal oxides or hydroxides by

" hydrol ytic deconposition. Another possiblg method of coating the particles

I's coating via a so]-gel process in an organic solvent, such as, for

exanpl e, ethanol or nethanol. This process is particularly 30 suitable for

wat er-sensitive materials and for acid- or alkali-sensitive sub- stances. P

07/ 120 VA -8- I.he startin treri als for the preparation of the phosphor
consi st, as S Stt?'b*'ﬁédnﬁ%d% % fthe ﬁ@ﬂ?&@ﬁorﬂrﬁgﬁ}q Riogrher congishlas want

sol utions of i B 'y '

preferably eu?gglg%%bg{ryé’c%?%%n%éé?n@a%g%?ghgg?(?/mp iuér ?ﬂg%&gﬁ@?gﬁﬁ?%@@_ﬁ?ﬁs”} ,
Tb-, Pr- and/ gitriGa-areheedumaiand iy lesst enealapan§uretdrbblysélaopiungonat eri al s

hydr ogencar bofatug; apAeEopaky Brthe: o kir EosTh Shndfiapadlor Katares.
oxal gtes. hal ialRhg rhstidh Bl SuitaMIOBATIRS MatdifalS AP RIRGENcBHIGPSE8RIcaNd of

oxides of the netals, sem- netals, transition netal e-earth
met al s, whi ch stbstadcesaucidas Oitratel, carlsarsies ded rogencerbgaates, pinok-or or gani ¢

l'i qui ds. Pref i s Qi tq f m xed nitrat, | yt i ons,
chitoride or npEe: gamekiife doqldiiiet SostotdS, RAlets EUGeS RSS! srent o
in the requi Sio?@rﬁin@é@hic%ﬁ?ﬁﬁé%ds@hgerqxid%taﬁ&@ﬁbﬁiﬁbs%%%ét&lﬁ, saepgeral ly

has the advantage over the conven 15 tional solid-state diffusion ("m xing
and firing") matalsdirensitionheetalsand/antareraaréy ingtals hahichgrreatissolved fornmity

ror ol ogyof “1HS" suSbRAEd MTcHeie BB ST B Ipnbie” e bleraegs i ™
invention is penss efmiXéd fdrateebhebag] sbdrids 8FRgdioRRcdolatidORAIRAT
particle consisting, for exanple, of a mxture of yttriumnitrate,

al um ni um ni t can@inie eeresranding aleaends in thenrequisite stoichiometric ratio.

Wet-chemical production generally has the advantage over the conven-

15 tional solid-state diffusion (“mixing and firing”) method that the resultant
materiais have greater uniformity with respect to the stoichiometric compo-
sition, the particle size and the morphology of the particles from which the
phosphor according to the invention is prepared.

20 For wet-chemicai production of a phosphor particle consisting, for example,
of a mixture of yttrium nitrate, aluminium nitrate and cerium nitrate solution,

the following known methods are preferred:

s coprecipitation with an NH4HCO; solution (see, for example, Jander,
Blasius Lehrbuch der analyt. u. préap. anorg. Chem. [Textbook of
25 Analyt. and Prep. Inorg. Chem.] 2002)

¢ 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

30 » spray-drying of agueous or organic salt solutions (starting materials)



- the fol ] known met hods are preferred: coprecipitation with an NHAHCO3
sol ution (see, for exanple, Jander, Bl asius Lehrbuch der analyt. u. prap.
anorg. Chem [Textbook of 25 Analyt. and Prep. |Inorg. Chem] 2002)

" Pecchini nethod using a solution of citrig_acid and ethylene glycol (see,
for exanple, Annual Review of Materials Research Vol. 36: 2006, 281-331)
conbustion nethod using urea 30 spray-drying of aqueous or organic salt
solutions (starting materials) P 07/120 VA 9 spray pyrolysis of agueous

or organic salt solutions (starting materi- _als).ln the abpve-nentioned
co- preci pitation, FaéfrPWQ&BErcﬂfi%%QPFW&'%?@PP)EH ﬁowt'oéi'é?ﬁ%&%?ﬂ:@%‘i'h t he
I nvention, an NH4 solution is added to, for exam 5 ple, chloride or
nitrate solutions of the correspondi ng phosphor starting naterials,

resul ting in fief HdRLNRAtIBHed ES-&BQ@RE%n,%ﬁéﬁﬁ@ﬁéﬂich&r&*}ﬁe@@ﬂib”i
met hod, a precipitation reagent consisti nlg_J of citric acid and ethyl ene
gl ycol is addaegorfiancexdtiihe intantione ani¥iadGentsobrien iaiaddeddo sfor eéxami-ons of

t he correspongdj n phar.. st artir rial t _room,tenpera 10 ture, and
Lhe St or oor Bl A BRRRR i S Ald e B FE BrsPonBPG RG] dattd ' ¢
phosphor  pr ecyiz3&ialé Ofedaltingn the férieatiohcfithe PHdephbPPratidtnd, the _
above-nentioned nitrate solutions of the correspondi ng phosphor starting

materials are, for exanple, dissolved in water, then boiled under refl ux

and treated W {hgUpEdbhifigRtiHodNg ﬂrecﬁohsti&&rédgéﬁtfcah%ﬁrg@ef 8itrid B&iarRpPhor
precursor. Spray pyrolysis is one of the aerosol nethods, which are
char act er i sedethylernspglioolig asided: fos example goribe abvovermentipmdsnitate selto a

reaction SPachond bEAE AirlediRfith bodic AN YSaBRdls A58 ERigeS- 2
10 ture, and the mixture is subsequently heated. Increasing the viscosity

results in phosphor precursor formation.

In the known combustion method, the above-mentioned nitrate solutions of
the corresponding phosphor starting materials are, for example, dissolved
in water, then boiled under reflux and treated with urea, resulting in the

15 slow formation of the phosphor precursor.

Spray pyrolysis is one of the aerosol methods, which are characterised by
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,
20 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
25 DE 102006027133.5 (Merck), which is incorporated into the context of the

present application in its full scope by way of reference.



- particl @yblacontrast to spray-drying using hot-gas tenperatures < 200C,
20 thermal deconposition of the starting materials used (for exanple salts)
and the re-formation of substances (for exanple oxides, m xed oxides) ad-
“ditionally occur, in addition to evaporatigpn of the solvent, in spray
pyrolysis as a high-tenperature process. The 5 nethod variants nenti oned
above are described in detail in 25 DE 102006027133.5 (Merck), which is
incorporated into the context of the present application in its full scope

by way of refeifr%rg;ﬁf ; Ic: b0 —ﬂgqgi i r
particles according atcga ﬁég#%% entsipijg)ré%ﬁ%tlae;éjé%%gh e th%?@aeﬂ?@ﬁ%%ﬂ be

wet - chem cal mpeodwoms] by vadiolmwetehemisl yngtheds piyt ati ng the constituents,

t hen separati r]IS off the sol ent,,tohl o% &/ a single- or nultistep
thermal af t ert'¥ eal REMRIENSOSY, RIesipdaling i cnsditesitsnilienrenasmineefdir in a
reduci ng at nos- pRgrent 3IIdWEE! LM HRL ] e with the
aid of a spray procesg,’ and r%oa\%lng@t ﬁg@%gﬁ?ﬁgﬁll%ﬁf y at’si ngl e- or
mul t bst ep t her mal whede ahearftthese staps, map beeaorned olit irhe sedstimpatmoy: be
carried out in a heduci ng at nosphere, or 3) finely dividing the m xture,
for example with PHE™id of a spray process, and renmoving the solvent in
association with pyrolysis, followed by a 15 single- or nultistep thernmal
aftertreatnent, where one of these steps mmy be carried out in a reducing
at nospher e, 4)2)sulfiselyudividing heanidare; for exaoypdavith theepdiobd sprayptdrvesaj d of
met hods 1-3 by wet-chem cal, nmethods.,. 20 The wet:chem cal, preparation of

t he phosphor is ppgfiépmqu:fg}eﬁfﬂ&elﬁu{oﬁgve t eaﬁm“pf?rtrﬁkl'it'g{?péﬁﬁfrﬁﬁl sol - gel
met hod. aftertreatment, where one of these steps may be carried out in a

reducing atmosphere, or

3) finely dividing the mixture, for example with the aid of a spray process,
and removing the solvent in association with pyrolysis, followed by a
15 single- or multistep thermal aftertreatment, where one of these steps

may be carried out in a reducing atmosphere,

4) subsequently coating the phosphors prepared with the aid of methods
1-3 by wet-chemical methods.
20
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-

25 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).

30 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.



In the above-nentioned thermal aftertreatnent, it is preferred for the
calci- 28"Hati on to be carried out at |east partly under reducing
conditions (for exam ple using carbon nonoxide, form ng gas, pure
" hydrogen, nixtures of hydrogen with an_ifert gas or at |east a vacuum or
oxygen-deficient atnos- phere). 30 In general, it is also possible to
prepare the uncoated phosphors according to the invention by the
solid-state diffusion nmethod, but this causes the dis- advantages al ready
mentioned. P 07/120 VA -11- In a further enbodinent, it may al so be
advant ageous in accordance with the invention for the coating wth an

i nor gani ¢ oxi g, ?lﬁ'tﬂ%,@ bddiRfbraAndnir alsd B8 RABARIMRIOUBAF icebRRanke it

provided only wth an organic coati r_lg. 5 The above-nentioned processes
enabl e any detierindentianeior ¢iapesting withan iphrgsphoexigarte bel evitied aw f9roduced,

such as spherjcal, particles, f]akes or truct.ur terial nd ceram cs.
10 I'n additi of® RWF%PBHBBaﬁE?%S Q)(a:la%paq\!ﬁ%ecﬁgnlwpg ﬁ&@ﬁ?%‘?@aﬁ” e excited
oversa broad range which extends from about 250 nmto 560 nm preferably

380 nmto about 500 nm These phosphors are thus suitable for excitation
by UV- or bl uéhembovemenianast grocegses enrble oy dasird putershapss fdheen-

tional discharge l.anps (f e . T e oIl [ nvention
furthernore reﬁt&%p&ortp@rtiq% Fcf é%ﬁé&ﬁ'%ﬂdﬁ%ﬂ?ﬁgﬁgﬁr‘ﬁa&%pg}ﬁ%@étﬁ;one 6prri mary
l'ight source wheSareinssdridls BRYIdBaMIce. i n the range 250 nmto 530 nm
preferably 380 nmto about 500 nm where sone or all of the primry

radiation is converted into |onger-wavel ength radiation by the 20 .
oo L0 AT R RO s ERER ey TR Seisp Lon
poi nt broad range which extends from about 250 nm to 560 nm, preferably
380 nm to about 500 nm. These phosphors are thus suitable for excitation
by UV- or blue-emitting primary light sourdes, such as LEDs or conven-
tional discharge lamps (for example based on Hg).
15
The present invention furthermore relates to an illumination unit having at
least one primary light source whose emission maximum is in the range
250 nm to 530 nm, preferably 380 nm to about 500 nm, where some or all
of the primary radiation is converted into longer-wavelength radiation by the
20 surface-modified phosphors according to the invention. This illumination
unit preferably emits white light or emits light having a certain colour point

{colour-on-demand principle).

In a preferred embodiment of the illumination unit according to the inven-
25 tion, the light source is a luminescent indium atuminium gallium nitride, in

particular of the formula InGaAKN, 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.

30 in a further preferred embodiment of the illumination unit according to the

invention, the light source is a luminescent arrangement based on Zn0O,



- (col our-on-demand principle). In a preferred enbodi ment of the illum nation
unit acf8f¥@ ¥y to the inven- 25 tion, the light source is a |umnescent
indiumalumniumgalliumnitride, in particular of the fornula In;GaJAl kN
"where 0<_ i, Os j, 05 k, and i+ +k=1. ﬁ ssible forms of |ight sources of
this type are known to t he person skille in the art. They can be
light-emtting LED chi ps having various structures. 30 In a further
preferred enbodi nent of the illum nation unit according to the invention,

the light source is a |lum nescent arrangepent based on ZnQO, P 07/120 VA
-12- TCO (trafr%r(téaf@sn,asﬂamqn% iBg opfisie 5’%%%06% ot a8 arafiggameRasest

based on an ED) In a further preferred
. he | an'icglr}éll’[teémlrttd %@%ﬂ_d}ﬁ

enbodi nment of ion u ing to the 5 invention, the
| i ght source is a source which exhlblts el ectrol um nescence and/or

phot ol um nescence. The |ight so rce ernore al so be | asma or
di schar ge soufied.futher piedemed Fa ?B\y‘ﬁtjgtﬂ?dl %f‘ﬂ@ai"ﬂvémt@&ﬁogﬁﬂg g‘? r be

di spersed in ﬂ']\fe?ﬁtbﬂ thl:-qlgﬂgﬁuﬁ:}éaig@ &Lﬁ'@@)\%léﬁe [blt§8l%%trbﬁﬁﬁ1ﬂ)escéﬁdé‘nged

direCtly on the pri source or, depending on the application,
arranged r embﬁdl&wmlumtmeﬂfmncbaﬂ'bed[glairscanrgenrmrytfLmllhsnﬂor&:aisdéE arenot e
phosphor technol ogy” p advant ages of renote phosphor technol ogy are
known to the Fp@sg@qa,ogch 8tPc $QHCRe art and are reveal ed, for exanple, in
the follow ng publication: Japa 15 nese Journ. of Appl. Phys Vol . 44, No.
21 (2005), L649-L651. In a further enbodinent, it is preferred for the
optical coupl iThg Hosgpiers abmm;ngmtthemmtxpnm&ertblw@mgd ll@ﬁd@ﬁlﬁlor and

th i ght t f :
ar'r dRgenont . T SXERIE EBoRKE" SETT FRTy AIgRo=S g R oo WS PARERLHANL "3,
central |ocatisgpr@né, fd%p@ﬁdfh@tdrpﬂie' é’ppli‘éaﬂ@h %ré@é&%nﬁ”té&ﬁé\@frdﬁy (theans of

| i ght - conducting devi ceS, such exanp %ht conducting fibres.
In this way, naanqmrmgm@jttaiscu h@luda memote phosphor echnology"). The

advantages of remote phosphor technology are known to the person skilled
in the art and are revealed, for example, in the following publication: Japa-
15 nese Journ. of Appl. Phys. Vol. 44, No. 21 (2005), L649-L651.

In a further embodiment, it is preferred for the optical coupling of the illumi-
nation unit between the coated phosphor and the primary light source to be
achieved by means of a light-conducting arrangement. This enables the

20 primary light source to be installed at a central location and to be optically
coupled to the phosphor by means of light-conducting devices, such as, for
example, light-conducting fibres. In this way, tamps matched to the illumi-
nation wishes and merely consisting of one or different phosphors, which
may be arranged to form a light screen, and a light conductor, which is

25 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.



*nation w shes and nerely consisting of one or different phosphors, which
may be &fFBbéded to forma light screen, and a |light conductor, which is 25
coupled to the primary |ight source, can be achieved. In this way, it is

" pos- sible to position a strong prinmary H%ght source at a location which is
favour- able for the electrical installatiFon and to install |anps

conpri sing phosphors which are coupled to the |ight conductors at any
desired locations without further electrical cabling, but instead only by
|l ayi ng i ght conductors. 30 P 071120 VA -13- The present invention
furthernore rdhatsesert inyentiggefiusihermereietiph de dhe Hee of thaghesphaie i nventi on

| hescent aPaagons YRR et Br Cpitpidte oo PR o Bleb8nc Lo

of the phospheaesr-lAce@istictofrbm & h@ninegesttidisdé.n el ectrol um nescent
materials, such as, for exanple, electrolumnescent filns (also known as

lighting filns or light filnms), in which, for exanple, zinc sulfide or

Znesea L ae, IR anbofon nittEsRbrd RiatbS S TRE 4B B, Blibddiis 0N o7

emt’in they een 1 egl on. e ar eas applicatron'o the

el ectrol um neggenidirg tothariaveritin ieasgttctumirkdeent hiitedals bl @y, for
backlighting in liquid-crystal di sgl,ay screens (LC dis- plays)_and
thin-filmtragspewls, gamlumingscepsiimselafsq known gadighing dkpe pelight cence

pl ates, fl oor g phi c&: ¢l QQITER'I ti: ic: - , i ) ?Uﬁiz+

sli p-proof | arfﬁ%\ fg%fcﬁ'\" (ﬂ?rsp aﬁgh%,ﬁgF’%’ggtcﬁcﬁ%dﬁgnéﬁﬁg&?%t example in 15
aut onobi | es, OdiorAg Shiepwmlayet as eeritiét, which ainstdndoeweldw-gepeh regioes,

The B0l 1 ow ng 16R:HBAES! APBIHIEHIZHe EPGIBFaeTt HEn Biee J8r B TRENT | on
20 component & “ne S ey BAGHRER R Al Ty b B s P s n- and
commer ci al | y @leis) abt dhiorfiloairabsistoy (T FREsdisgldysysethttumimaingodshiclghe
licence plates, floor graphics (in combination with a crush-resistant and
slip-proof laminate), in display and/or control elements, for exampie in
15 automobiles, trains, ships and aircraft, or also domestic appliances, garden

equipment, measuring instruments or sport and leisure equipment.

The following examples are intended to illustrate the present invention.
However, they should in no way be regarded as limiting. All compounds or

20 componenis which can be used in the compositions are either known and
commercially available or can be synthesised by known methods. The
temperatures indicated in the examples are always given in °C. It further-
more goes without saying that, both in the description and also in the
examples, the added amounts of the components in the compositions

25 always 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.



-tenperatures indicated in the exanples are always given in C. It further-
more go&€8"KP¥hout saying that, both in the description and also in the
exanpl es, the added anounts of the conponents in the conpositions 25 al ways
“add up to a total of 100% Percentage datg given should al ways be regarded
in the given connection. However, they G§ ally always relate to the weight
of the part-anount or total anount indicated. P 07/120 VA -14- Exanples
Wor ki ng Exanple 1: Coating of a YAG Ce phosphor powder with Si Q2
(generation of active hydroxyl groups) 5 50 g of a YAG Ce phosphor are
suspended in 1 litre of ethanol in a EXxamplesctor with ground-glass |id,
heating mantl e and reflux condenser. A solu- tion of 17 g of ammoni a wat er

(o raetnyr o ighob Bl oRhnire yhise ahnrtRouieififh SEs ont y
added dr opw S?%éﬁg%%-%mém@}‘ha‘éﬁ@%b?mSti rring. When the addition is

conplete, the Suspension IS sti - ther 2 hours, brought to
roonbtenperature and filtered. The residue is washed with ethanol and

dried. 15 Worki 2: Coati f YAG Ce. ph h ith A1203 50
o;l \e(AG Ce phggb%?%%ﬁép@ﬁ%@%f%9%36859%@%(1@Bﬁﬁfé?ﬁéﬁ?@fgﬁ n# gl assg
reactor with heatbn@iarbilifi-gfRe I, Abafy ﬁ%ﬂ@%o@@l@%{c@ﬂgﬁ@é%/x &P i ses

98.7 g of AICl3*6H20 pér kg of solutionTare netere suspensi on
at 80C with stibnafig gpokamimionia ewatsre(250 Ryoweigintsaf Nids)iind 740hg sf watkdiis i on,

the pH is kept ,consftant .at §. A5 b tered additio Lu hydr oxi de
sol uti on. V\heﬁ'dﬁﬁa' %P@'&H cﬁcf% 9%6?&@*@@%&@3'93?%@15@%5}% 953% AYirred at
80Cyihor a fur _hPGIFoul; IRariol i$ BRIWIG @abied drépwiseThbSIPE g at 85 withe
phosphor is filtered off, washed with water and dried.

stirring. When the addition is complete, the suspension is stirred for a fur-

ther 2 hours, brought to room temperature and filtered. The residue is

washed with ethanol and dried.

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

50 g of YAG:Ce phosphor are suspended in 950 g of deionised water in a
glass reactor with heating mantle. 600 g of an aqueous solution which
comprises 98.7 g of AICIs*6H;0 per kg of solution are metered into the

20 suspension at 80°C with stirring over the course of 2% hours. During this
addition, the pH is kept constant at 6.5 by metered addition of sodium
hydroxide solution. When the metered addition is complete, the mixture is
stirred at 80°C for a further 1 hour, then cooled to room temperature, and

the phosphor is filtered off, washed with water and dried.

25
Working Example 3: Coating of a nitride phosphor powder with SiQ,
50 g of SrpsBagsSiNz:Eu are suspended in 1 litre of ethanol in a 2 | reactor
with ground-glass lid, heating mantle and reflux condenser. A solution of
30 17 g of ammonia water (25% by weight of NH3) in 170 g of water is added.

A solution of 35 g of tetraethyl orthosilicate (TEOS) in 35 g of anhydrous
ethanol is slowly added dropwise (about 1 ml/min} at 65°C with stirring.



- 25 Working Exanple 3: Coating of a nitride phosphor powder with Si@2 50 g
of Sro. 5@%62 °¥&i N2: Eu are suspended in 1 litre of ethanol in a 2 | reactor
with ground-glass lid, heating mantl e and refl ux condenser. A solution of
"30 17 g of anmonia water (25% by weight ofsf NH3) in 170 g of water is added.
A solution of 35 g of tetraethyl orthosilicate (TECS) in 35 g of anhydrous
ethanol is slowy added dropwi se (about 1 m/mn) at 65C with stirring. P
07/ 120 VA -15- When the addition is corrpl ete, the suspension is stirred for

e, i0en 2 el B ARk TR B o
nitride phosPWurQ%ﬁghWotH%OﬁiL?eQﬁ er@%r@ eﬁfd ﬁl@éd5‘$ﬁé’rééla@ ANFakHedr e

suspended in 950 elonised water in a glass reactor with heating
mant | e. 600 g with aﬂnmqﬂamilglrledl ution which conprises 76.7 g of

Al Cl 3*6H20per kg of solution are netered into the 10 suspension at 80C with
stirring over the course of 2'/2 hours. During this addition, the pHis

kept sconst ant Wbrlging Mamasaeokowmgt bPa n@ﬁr.oreoghaaphbwb%éiamﬁﬁlm

When the netere Ton 1s conplete, the mxture is stirred at %OCfor a
further 1 hour then cooled to roomtenperature, and the phosphor IS

filtered off, d dried f the hor from
Exanples | to O?EC?W‘%?%EME&) USPW?%E? 6%9@2?) %elgralse ajﬁ%@?or
epoxy po'ym”ngééWFHéEi%F\Arr'tWhéﬁfh@H{antleGgog |@H?§a%l§‘ék93§/§cb[hﬁ@r¢wlﬁéﬁ table for
epoxy resins) of a sphor coated with 2 and/or Al203 and

described in tdmnprm\/'éﬁ éxxaoiphiéds aHeOparfgneferplitipn 3gometered iifei toai sed
Wat &fp Wi th vi %or- eﬂlsjl%nsa%tléd bnvgl’th P rnn%% efr tﬁ@ Soal%%poef%/l’z%%u“ss D?\ﬂ*n%sﬁ?d to pH

= 6.5 using 5¢
addition, the pH is kept constant at 6.5 by metered addition of sodium

hydroxide solution. When the metered addition is complete, the mixture is
stirred at 80°C for a further 1 hour, then cooled 1o room temperature, and
the phosphor is filtered off, washed with water and dried.

15

Coating of the phosphor from Examples 1 to 4 with functional groups:

Working Example 5a: Silanes for epoxy polymers (hydrophilic variant,

GE silanes, epoxysilane; suifable for epoxy resins)
20
100 g of a phosphor coated with SiO, and/or Al,O3 and described in the
above examples are suspended in 1350 ml of deionised water with vigor-
ous stirring. The pH of the suspension is adjusted to pH = 6.5 using 5% by
weight H2S04, and the suspension is heated to 75°C. 4.0 g of a 1:1 mixiure
25 of Silquest A-186% [beta-(3,4-epoxycyclohexyhethyltrimethoxysilane] and
Silguest A-1 310® [gamma-isocyanatopropyitriethoxysilane] are subse-
quently metered into the suspension over the course of 60 min with moder-
ate 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

30 surface. The pH is corrected to 6.5 by means of 5% by weight H>S0,.



-wei ght H2SO4, and the suspension is heated to 75C. 4.0 g of a 1:1 m xture
25 of SiFI% {88 A-186(r) [beta- (3, 4-epoxycycl ohexyl)ethyltrinethoxysil ane]
and Silquest A-1310(r) [ganma-i socyanatopropyltriethoxysilane] are subse-
"quently nmetered into the suspension over 1{ e course of 60 mn wth noder-
ate stirring. Wien the addition is conplete, the mixture is subsequently
stirred for 15 mn in order to conplete the coupling of the silanes to the
30 surface. The pHis corrected to 6.5 by nmeans of 5% by wei ght H2SO4. P
071120 VA -16-_The suspension is subsequently filtered and washed with

dei oni sed wat dihe gHePeNsion is subsaauent)y fitpred apdwashedwith deionisrd water2o h.
The phosphor _saht al id hi h&e° e 20
pm sieve. 5 rW%ég“ @gn%bgﬁgtljé &Suiﬁ'lltégﬁjedg%gg%gcﬂﬁ gﬁ%(?;—, brﬁgipwggﬁ@%%vg@%'ﬁor
cou- pling 10@bteingd in fiieosyds tihembededibym&aiR ohin@0oumAla@s3 and descri bed
in the above exanples are suspended in 1350 m of deionised water with
vigor- 10 ous stirring. The pH of the suspension is adjusted to pH = 6.5

i 5% b 1 - i i 0, f
45,0, 257 vay8indFoRling 08! SHSFHSURRRLBIY OGRS KRR S 01

Silquest A- 1plgr) [gamma-u reapropyl trimethoxysilane] are subsequently
netered into the suspension over the course of 75 mn with noderate
stirring. Wien the 15 addition is conplete, the mxture is subsequently

tirred for 1 1 04 t i I to the
surf ace.  The paCidol 8 phoEBhor SEuEA TS, MRy SONRO A YescBed I ARES (0
sulspepsi on ID'rS abobs eqasiey afa smspemdie?z'g é\?@h’ﬂh%wﬂ]eibqiﬁedméteeﬁitm!im- unt |213
salt-free. ing.is carrie t at or . 0 or er

obt dPned i n 1 e kg e eh ke ShspsarenAadiisBasy hh 2l S e Sha g

Exanpl e 5c: Vi ' f Ll L d of osphor
coat ed i th SO ATy A R L GPRRSR T Baled @ 70160 St b Fmiitaosp

of Silquest A-1110" [gamma-aminopropyltrimethoxysilane] and Silguest A-

1524° [gamma-ureapropyltrimethoxysilane] are subsequently metered into

the suspension over the course of 75 min with moderate stirring. When the
15 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,SO4.

The suspension is subsequently filtered and washed with deionised water

until salt-free. Drying is carried out at 140°C for 20 h. The phosphor powder
20 obtained in this way is then sieved by means of a 20 um sieve.

Working Example 5¢: Vinylsilane for silicone-phosphor coupling

100 g of a phosphor coated with SiO; and/or Al,O3; and described in the

25 above examples are suspended in 1350 m! of deionised water with vigor-
ous stirring. The pH of the suspension is adjusted to pH = 6.8 using 5% by
weight HaSO4, and the suspension is heated to 75°C. 6.0 g of a 1:2 mixture
of Silguest A-174% [gamma-methacryloxypropyltrimethoxysilane] and
Silquest A-151® [vinyltriethoxysilane] are subsequently metered into the

30 suspension over the course of 90 min with moderate stirring. When the

addition is complete, the mixture is subseguently stirred for 15 min in order



- 25 above exanpl es are suspended in 1350 nl of deionised water with vigor
ous sti MY §Y¥AThe pH of the suspension is adjusted to pH = 6.8 using 5% by
wei ght H2SO4, and the suspension is heated to 75C. 6.0 g of a 1:2 m xture
“of Silquest A-174(r) [gamma-nethacryl oxyp,];opyl trimet hoxysil ane] and

Si | quest A-151(r) [vinyltriethoxysilane] are subsequently nmetered into the
30 suspension over the course of 90 mn with noderate stirring. Wen the
addition is conplete, the mxture is subsequently stirred for 15 min in
order P 07/120 VA -17- to con'Pl ete the coupling of the silanes to the
surface. The 6@1@?%@?#@6@&9 FE'SbOfS”'? %‘lﬁﬂ@ééﬁ§h%ﬁuﬁ@§%yT%Pb|H{5 cppscied The
suspension is £ kdt hed with deionised water wuntil
salt-free. t?ﬁ??@“@%#%% /6 igTﬁgiég?)gr 20 h. The phosphor powder 5
obtained in tﬁ‘he gmpensncﬂﬁem@seqe@ﬂlwﬂltmadsmdfwmsh%@i it siie&mised/wme’rng
Exanmpl e 6: Production of _an LED The foll ure repared in a
Shectr xer (1 JLHRBHeS0BnG R carigtqiat daPas fned b Rnd PhogBRe powder

t enpg rature) nd b are in
each case m xeg&l \;H\%(tjﬁ% }Og'guffyﬁltﬁﬁ?‘sfg%@?h@ ﬁosp fJg:liog?%ﬁgsrlé\’cef)lrrpat| bilised in
accor- dance with Exanple 3 a, b or ¢ and 1.2% of silicic acid powder

havi ng an average d| arreter of 0.5 pm The two resin m xtures are conbi ned,
stirred 15 andX@EHE e B P&?@“?%@ﬂqfﬁﬂrkﬁﬂced into the stock tank of a
jet dis- penser or screw met er | ng val ve di spenser. Bonded COB (chip on
board) crude LED packages are placed bel ow t he di spensing valve. 3 ob tops
conpri sing thé’heefsilowrriQ(mmterearafetmepamd inEefpesdmixeh® (picpd 3000t pen, cr ude

LED packages b of _the dl‘%!'ﬁ nser. These coated LEDs are condi 20
tiod@d at 1508M% Urf“ﬁ’ﬂuﬁ mig, 5o 3?%95%%[ et. The resin cures in the proc-

ess. P 07/ 120 5¢An) of the two resin components JCR 6122 a and b are in each case

mixed with 8% by weight of the phosphor powder compatibilised in accor-

dance with Example 3 a, b or ¢ and 1.2% of silicic acid powder having an
average diameter of 0.5 ym. The two resin mixtures are combined, stirred
15 and degassed. 10 ml 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 means of the dispenser. These coated LEDs are condi-
20 tioned at 150°C for 1 hour in a drying cabinet. The resin cures in the proc-

ess.



--18- Description of the figures The invention will be explained in greater
detai|l DPerie@viMmth reference to a nunber of illustrative enbodinents. 5
Fig. | shows uncoated phosphors (1) incorporated into resin (3) above the
"LED chip (2). The left-hand diagramrepr 1ifnts the state imedi ately after
application of the phosphor/resin nmixtureto the chip. After curing of the
resin (4), the state of the phosphor/resin mxture is as foll ows
(right-hand 10 diagram: the larger phosphor particles exhibit a strong
tendency towards sedinentation. The particles consequently distribute
thensel ves i nhono- geneously. Tilesctiption plithefiguges frozen” after
solidification of the resin. Fig. 2 shows phosphors (1) coated in
accordance with the invention incor- 15 porated into resin (3) above the

LED chip (2). ﬂ%qnbsﬁﬁommﬂbé 3 Tﬁ[@me'ahﬁvgﬁeafela@emﬂ@@@wwuﬂe#e@rfcetwta on of
t he uni f orm phosphor powders. honogeneity is facilitated by the

conpati bili satnwmqaﬁoﬂmtrajlve@mb@lmem@- tion of the phosphor surface wth
the resin properties. During curing, the distribution is not affected
since the phosphors are, in accordance with the 20 invention, crosslinked

with or chenmi q;%ﬁ/sh@ﬂé%ob@téd\ﬂwds@ﬁbm(1)nn§m@ra4§wrto re&uhqsphbav@me | ayer
above the LED 1S uniform(see right-hand figure) shows silicone- or

si | ane- coat ed LFHd pinoi2) phhe left-banq diagnaii regresaeits mqﬁéﬁmmgﬂ%@vmg with

respect to the d - bonded
pol ymer chai nsap%ﬁﬁgmofﬁ'% @?osﬁ)oﬁor/r mﬁ“ﬁ’??‘%ﬁ% mﬁo@% rﬁﬁ{: es in the
resin. On the gsingy), hae%tat@wtnelphﬁgph@mwwmfe isGls faBowﬂrdgiﬂnﬂhdand t hus
prevent aggl oneration of phosphor particles. Furthernore, bonding of the

conpdt i bl i sed cba@fgpﬁothq)mew@ph@r pagiclassexhibif 3 syongitaRISREYOWAESR t | on
W th constituenlts Ohfilf TRE IS BSMN& RNty BididddndMseitRs inhomo-

geneously. This distribution is "frozen" after solidification of the resin.

Fig. 2 shows phosphors (1) coated in accordance with the invention incor-
15 porated into resin (3) above the LED chip (2). The left-hand figure shows
the homogeneous distribution of the uniform phosphor powders. This
homogeneity is facilitated by the compatibilisation according to the inven-
tion of the phosphor surface with the resin properties. During curing, the
distribution is not affected since the phosphors are, in accordance with the
20 invention, crosslinked 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

25 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 prevent agglomeration of phosphor particles.
Furthermore, bonding of the compatiblised phosphor particles to the resin

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



-Patent Cains 1. Surface-nodified phosphor particles based on | um nescent
particl esoriidwahi ch conprise at | east one | um nescent conpound, where

(Ca, Sr,Ba)2Si 4 and other silicates having one or nore activator ions,
"such as Eu, Ce and M1, and/or codopants based on Fe, Cu and/or Zn are
excl uded as | um nescent conpounds, charact®rised in that at |east one

i norgani c | ayer conprising 10 oxi des/hydroxides of Si, A, Zr, Zn, Ti
and/or m xtures thereof and an organic coating of organosilanes or

pol yor ganosi | oxanes (silicones) and/or m xtures thereof are applied to the
| um nescent particles. 2. Surface- mRAtedClaimghor particles according to
Claiml, character- 15 ised in that the | um nescent particles conprise at

| east one | um nescent conpound selected fromthe group of

(Y, &, Lu, Sc, Sm Th) 3(Al, Ga) 5012: Ce (with or wi thout Pr), YSi O2N: Ce,

Y2Si 3G8N4: Ce, Gd2Si 3ABN4: Ce, (Y, Gd, Tb, Lu) 3AI 5_XSi XOL2_XNX: Ce,

BaMjAl 10017: E ] L M . 0 . .
AN 1001 oy AR Bl SySLAgheRs o SHIA Gurt

(Ca, S, Ba) Si N2: EwhicbegdrBpNSe Blileasb bps daminesceniremupewy], whgigdat es,  group

1l nitrides, oxide i h casge individyal 1 . r W th
one or nore acti &Q@I ﬁ%éﬁﬂlﬁ"@?f 8@03%8%%1‘\‘4{}6 %ﬁe %ﬁ*oﬁ%%}&&g’f@ ‘.?0 3.
Sur f ace- nodi f i ed spBRSBIEY, C@Bhi WieSarRisOssHopantdh&ded 8h Fe Tl and/3r Zn
characterised in that the particle size of the phosphor particles is

between 1 and 40 aprexduded esdd@ingsgent eempawdffor particles according to

one or nore of Cains, 30 t cter] { j nor gani c

coating and the 838%’[%”5693)154%@3%}%58@ es@&lfﬁsaﬁﬂ(f 'd&e&’ rggh?té%& t. P 07/120 VA

-20-1(p. Process fRideshedpsades bf 8N Alf Za Zaymt asdrorasikiurestErosidned aparticl e
organic coating of organosilanes or polyorganosiloxanes (silicones)

and/or mixtures thereof are applied to the luminescent particles.

2. Surface-modified phosphor particles according to Claim 1, character-
15 ised in that the luminescent particles comprise at least one luminescent
compound selected from the group of
(Y,Gd,Lu,Sc,Sm, Th)s(Al,Ga)sO12:Ce (with or without Pr), YSIOzN:Ce,
Y1Si;03N4:Ce, GdaSis03N4:Ce, (Y,Gd, Th,Lu)3Als.xSixO12.4Nx:Ce,
BaMgAl00+7:Eu (with or without Mn), SrALO4:Eu, SrsAl14025:Eu,
20 (Ca,Sr,Ba)SipN202:Eu, SrSiAl;0sN2:Eu, (Ca,Sr,Ba):SisNe:Eu,
(Ca,Sr,Ba)SiNzEu, CaAlSiNs:Eu, molybdates, tungstates, vanadates,
group Il nitrides, oxides, in each case individually or mixtures thereof

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

25 3. Surface-modified phosphor particles according to Claim 1 and/or 2,
characterised in that the particle size of the phosphor particles is
between 1 and 40 ym.

4. Surface-modified phosphor particles according to one or more of Claims
30 1 o 3, characterised in that the inorganic coating and the organic

coating are substantially tfransparent.



-according to Claim1, characterised by the steps of: 5 a) production of a
phosphorPB4#%f*cl e by mixing at |east two starting materials and at | east
one dopant and thermal treatnment at a tenperature T > 150C, b) coating of
"t he phosphor particle with an inorganic l.gyer conprising oxides/hydroxides
of Al, Zr, Zn, Ti and/or 10 m xtures ther®of in a wet-chem cal or
vapour - deposition process, c) application of an organic coating of
organosi | anes or pol yorganosi |l oxanes (silicones) and/or m xtures thereof.
6. Process according to Claimb5, characterised in that the inorganic oxide
15 and the organic coating are substantially transparent. 7. Process

i . ; Lran e .
P epar ed by wet - ECSsepr s HrosGRRALt 8eunEe HndinBh aniSpRO0RmEne. T
sem netal , transatéodingefoaClaindl, eharavterisar bhthrestabsofl ts by 20 neans of

sol -gel processes and/or precipitation processes. 8. Process according to
one or nore of Clains 5 to 7, characterised in that the coating is carried

out {12t Leeet, one | nanoa e Bttt bR oy RSE Bl

non- aqueous sol uti ons of non-vo r organo-

conpounds. 9. Process accorslariing matermloandat ka3t ofkalopanb ahd tBermal
characterised in that the starti n%materi al s and the dopant are inorganic

and/ or organi c sub- stancestfeananta agpmpsratare d a7 Ashdees,

hydr ogencar bonat es, phos 30 phates, carboxyl ates, al cohol ates, acetates,

oxal ates, halides, sulfatgsysRing" Biedr i ;L ds,
hydr oxi des and/ or oxi des zfct%%gﬁnéfgtﬁ%g%sgﬁ% @Ig%yﬁ%gﬂéé@gm al s
and/or rare-earth netals, y\mir_nhrising odides/yalrexades ol AbrZrs de pEinatedfor n

| nor,gani ¢ and/or organic | '%yﬁgr%s thereof in a wet-chemical or vapour-deposition

process,

c) application of an organic coating of organocsilanes or

polyorganosiloxanes (silicones) and/or mixtures thereof.

6. Process according to Claim 5, characterised in that the inorganic oxide

15 and the organic coating are substantially transparent.

7. Process according to Claim 5 and/or 6, characterised in that the phos-
phor is prepared by wet-chemical methods from organic and/or inor-
ganic metal, semimetal, transition-metal and/or rare-earth metal salts by

20 means of sol-ge! processes and/or precipitation processes.

8. Process according fo one or more of Claims 5 to 7, characterised in that
the coating is carried out with at least one inorganic oxide by addition of
agueous or non-aqueous solutions of non-volatile salts and/or organo-

25 metallic compounds.

9. Process according to one or more of Claims 5 to 8, characterised in that
the starting materials and the dopant are inorganic and/or organic sub-
stances, such as nitrates, carbonates, hydrogencarbonates, phos-

30 phates, carboxylates, alcoholates, acetates, oxalates, halides, sulfates,



-5 10. Process according to one or nore of Clains 5 to 9, characterised in
that tHe”PHoéphor particles consist of at |east one of the follow ng
phosphor materials: (Y,&,Lu,Sc,Sm Th, Th,I1r, Sb, Bi ) 3(Al, Ga)5012: Ce (with or
‘Wi thout Pr), YSi ®2N: Ce, Y2Si 3CBNA: Ce, i 3CBN4: Ce,

(Y, Gd, Tb, Lu)3AI5 ),Si.,012_ 10 N,: Ce, BafyAl 10017: Eu (wi th or without M),
SrAl 204: Eu, Sr4Al 14Q25: Eu, (Ca, Sr, Ba) Si 2N2Q2: Eu, SrSi Al 2Q3N2: Eu,

(Ca, Sr, Ba) 2Si 5N8: Eu, (Ca, Sr, Ba) Si N2: Eu, CaAl Si N3: Eu, nol ybdat es,

tungstates vanadates roup 111 nltrldes oxi des, in each case

i ndi vi dual | y or HQ&W@%a{"ﬁé?CWOWC{ShhMﬁ@X&eSnmtﬂoa@KIﬁeatOfﬁiﬁh@ oredalssuch as

15 Co. Eu M. OurFhoidindon WASLE o S5, BRLAR A AGGLNSL: g 1 cat es

havi ng one or nore activdtor 1ons, such as C?odopants

based on Fe, Cu aoliedrandiorssiespexnded @ethorddnicRBme¢@ssrganiedicdiidy to C aim 5,
characterised in that process step b), 20 nanmely the coating with an
inorganic layer, is omtted. 12. Illumnnation unit having at |east one

primary |ight " whase Sﬁﬁa iz -t . . o 530
nm ngr ef er abl yﬁjl;gtrgv\[geesn (S&H‘pnst r?@bgjgd nm ';nés S&')Q&@%P%E%ﬂ@g%&?%&
radi ation i s contte pmsmﬁarlpartncldasngmssmnea@:tdner afdthatfoliowing phosphor

surface- m)difiedﬁ_%?os hor particles according to one or nore of ains 1
to 6. 13. Illum Sunit according to Caim12, characterised in that

the |ight sour cgyl@ &Imﬂpﬁgw&sgc%h%aﬁgwéwg @@th 6m%dt£@e [ n

particul ar of the flormula I'n
i +j +k=1. P 07/ 120SiBN 23, Y.b$1303N41BB nadiSiOMi Ce a(dc@ddimgulgalm 12

1 sour ce. andrbrCPehBligAtonar BAbih o Wb RminSFaEPeitni t acoor Hf”né to
G aim 12, char acegigedsEn, td)a,er,t%gsamfzogsﬁu, SrSiAl,OsN,:Eu,
(Ca,Sr,Ba)2SisNg:Eu, (Ca,Sr,Ba)SiNz:Eu, CaAlSiN3 Eu, molybdates,
tungstates, vanadates, group Il nitrides, oxides, in each case
individually or mixtures thereof with one or more activator ions, such as
15 Ce, Eu, Mn, Cr, Th and/or Bi, where (Ca,Sr,Ba).Si0O,4 and other silicates
having one or more activator ions, such as Eu, Ce and Mn, and/or

codopants based on Fe, Cu and/or Zn are excluded.

11.Process according to Claim §, characterised in that process step b),
20 namely the coating with an inorganic layer, is omiited.

12. lllumination unit having at least 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
25 into longer-wavelength radiation by surface-modified phosphor particles
according fo one or more of Claims 1 to 6.

13. lllumination unit according to Claim 12, characterised in that the light
source is a luminescent indium aluminium gallium nitride, in particular of

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



-coupl i ngP bet ween t he phosphor and the primary |light source is achieved by

means of"” ®'{%Yght - conducting arrangenent. 16. Illunination unit according to
Claim 12, characterised in that the light 10 source is a naterial based on
"an organic light-enitting layer. 17. IIIyg%Qation unit according to Claim
12, characterised in that the light sour I's a source which exhibits

el ectrol um nescence and/ or photo- |um nescence. 15 18. Use of at |east one
surface-nodi fi ed phosphor particle according to Claim1l as conversion
phosphor for conversion of primary radiation into a certain colour point

i n accordance W—!'WW'H@"@'&)I‘JBE@SW et §laitnl2, chgractedsad in st the phes-| east
one surface-modi bblspispé}? dipéétb)icgljil &%ﬁﬁmﬁ% elqu]rtrgglug% ghiflot rdbtconver sion

of blue or near- em SsSi I nto on.
therefrom.
5 15. lllumination unit according to Claim 12, characterised in that the optical

coupling between the phosphor and the primary light source is achieved

by means of a light-conducting arrangement.

16. 1llumination unit according to Claim 12, characterised in that the light

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

17. llumination unit according to Claim 12, characterised in that the light
source is a source which exhibits electroluminescence and/or photo-

luminescence.

15
18.Use of at least one surface-modified 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.
20

19.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.





