P08162F%¥482VA1 - Doped garnet phosphors having a red shift for pcLEDs
The invention relates to phosphors which consist of garnets co-doped
wi th Th4+, Sb3+, I1r3+ and/or 8e3+,qto the preparation thereof, and to
t he use 5thereof as LED conversi on phosphor for warmwhite LEDs or
so-cal | ed col our-on-demand applications. The col our-on-demand concept
is taken to rrean the production of |ight having a certain col our
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Iayer or a light screen, which is applied dlrect y tot

converts sonmobjurtdredbﬂnaedl_ﬁbllcamra| on into yellow light. Wite
20light is thus fornmed through additive colour mxing in the LED.
White LEDs which are commercially avail abl e today conprise virtually
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virtually the 1deal convertor owing to its high efficiency and
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N the em ssi spectru 2bstat e ht sources
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lighting, especially in the interior sector. The ai m of many

past investi (RAMRARY IRASSIFAIBRIG, 918G Ce so that the enission band of
the Ce3+ activator is shifted into the red spectral region.
30According to research results fromthe lighting industry (GE

Phi | i ps, Since the invention of blue (In,Ga)N light-emitting diodes (LEDs) at the

15 beginning of the 1990s (S. Nakamura, Appl. Phys. Lett. 67 (1995) 1868),
there have been major efforts worldwide to produce white light sources
based on blue InGaN semiconductor chips. To this end, use is made of a
luminescent powder layer or a light screen, which is applied directly to the
chip and converts some of the blue LED radiation into yellow light. White

20 light is thus formed through additive colour mixing in the LED. White LEDs

P

which are commercially available today conprise virtually exclusively
Y3Als012:Ce (YAG:Ce) as yellow phosphor, which is virtually the ideal con-
vertor owing to its high efficiency and stability. Its greatest disadvantage is
the lack of a red component in the emission spectrum, meaning that solid-
25 state light sources comprising YAG:Ce today usually only provide cold
white colours (T > 5000 K), which restricts their range of applications in
general lighting, especially in the interior sector.
The aim of many past investigations was to modify YAG:Ce so that the
emission band of the Ce®" activator is shifted into the red spectral region.

30 According to research results from the lighting industry (GE, Philips,



P08162 "¥2VA2 . Osram Nichia, Toshiba, Matsushita, Citizen, etc.),
I's possible to achieve the requisite red shift through the
foll ow ng neasures: 1. Co-doping wiph the rare earths Gd3+, Tb3+ or
Dy3+ 52. Partial substitution of the oxide anions by nitride ani ons at
the sane tinme as charge conpensation at the cation sites 3.Increase
In the Ce3+ concentration Unfortunately, these neasures reduce the
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table for use in a light source since, in the present cases, this also results in
a reduction in the phosphor luminance. The phosphor luminance is the
essential criterion for use in light sources, since the customer, for defined
excitability and defined colour point, makes the choice of phosphor solely
on the basis of its luminance. The phosphor price does not play the crucial
role since this is negligible compared with the total price for an LED.

There therefore continues ic be a great demand to find solutions by means
of which the emission band of the 5d-4f transition of YAG:Ce can be shifted
into the red spectral region without reducing the luminance of the

phosphor.

CN 100999662 describes co-doped garnets of the empirical formula
(RaxyCexLny)AsO12, where R denotes at least one element from Pr, Nd,
Sm, Dy, Bi, and A denotes at least one element from B, Al, Ga, Si, Mn, Mg,
where 0.01 >=x <= 1.2 and 0 <=y <= 0.2. The materials are calcined in a
CO atmosphere from oxides via the solid-state diffusion method (also
known as mix & fire) which is known to the person skilled in the art. The CO
is prepared by placing a container containing activated carbon around the
crucible in which the starting materials are located. On heating, a Bou-
douard equilibrium forms, causing the formation of a CO gas atmosphere.

The materials formed are described in relative brightness values, but this
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CO at nosphere from oxides via the solid-state diffusion method (also

known as mx & fire) which is known to the person skilled in the art.
The COis prepared by placing a coftai ner containing activated carbon
around the crucible in which the starting materials are |located. On
heati ng, a Bou- 30douard equilibriumforms, causing the formation of
a CO gas atnosphere. The materials fornmed are described in relative
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Al to the extent of 0 1 to 100% and where C 15is an el enent fromF,
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mejority of the Ce actjvators are Io at t the surfac where these
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accessi bl e i n3go $iRLEnIt RIBARYT IYingPte%h ¥ABED than microparticles, which is
familiar to the person skilled in the art: in such small particles, a majority of
the Ce activators are located at the surface, where these ions are subjec-
20 ted to an inhomogeneous crystal field and unavoidable surface defects

result in absorption of the photons to be emitted. Fluorine-containing
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phosphors cannot be employed in LEDs since fluorine (fluoride) must not
be present as a constituent of the ROHS list in electronic components
(LEDs). The phosphors described can emit in a range between "540 — 560"

25 nm. These wavelengths are accessible in a simpler manner by using YAG,
LUAG or TAG.

The object of the present invention is therefore to provide conversion phos-
phors which are red-shifted, i.e. fluoresce in the range 560-605 nm, for
30 white LEDs or for colour-on-demand applications, which do not have one or

more of the above-mentioned disadvantages and produce warm-white light.



LUAG of ®*1%R&" The object of the present invention is therefore to
provi de conversi on phosphors which are red-shifted, i.e. fluoresce in
the range 560-605 nm for 30white £EDs or for col our-on-demand
applications, which do not have one or nore of the above-nentioned
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Surprisingly, it has been found that bright and highly efficient
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The present invention thus relates to phosphors having a garnet

strdct ure l10ahetdrenb alements fren) thetgreep, Sthd e SbrareStigpigyed as co-
(A15_yMyyi 2Si y/ 2)012:. Ce. (.l r +h+c+d+e+f +g+h+i 4+ +k= =.0. 005
to 071 and y dorants, Thege ol RoBaB A BT B30k ity s Bt ing
taken to meancacshirdsdibE10@peeh. 200n flaws or lattice defects which
differs slightly fromthe ideal case of

The present invention thus relates to phosphors having a garnet structure

{’ 10 of the formula |
(Ya,LUbasec,deaTheJrf:Sbg):S-x (AlsyMgy2Siy)O012:Cey (B
where
15 a+b+tcrd+e+rfrgrth+i+tj+k=1
x = 0.005 to 0.1 and
y=01t04.0.

A garnet structure here is of course also taken to mean a structure based
20 on flaws or lattice defects which differs slightly from the ideal case of

garnet, so long as this crystal retains the typical garnet structure. The

L7,
£

typical garnet structure is generally taken to mean A:BsO42:D, where
A = rare-earth metal (RE); B = Al, Ga; and D = activator which replaces RE,

such as, for example, cerium.

25
it is preferred for the doping concentration of the cerium to be between 0.5
and 10% by weight. It is particularly preferably between 2.0 and 5.0% by
weight and most preferably between 3.0 and 3.5% by weight. At a cerium
concentration of between 3.0 and 3.5% by weight, increased absorption
30 generally occurs and consequently an increased light yield or greater lumi-

nance of the phosphor arises. A higher cerium concentration would reduce

the quantum yield and thus in turn result in a reduced light yield.



gar net "%8%Yong as this crystal retains the typical garnet structure.
The typical garnet structure is generally taken to nmean A3B5012: D,
where A = rare-earth netal (RE); Bs= Al, Ga; and D = activator which
repl aces RE, such as, for exanple, cerium 25 It is preferred for the
dopi ng concentration of the ceriumto be between 0.5 and 10% by
weight. It is particularly preferably between 2.0 and 5. 0% by wei ght
and nost preferably between 3.0 and 3.5% by weight. At a cerium
concentration of between 3.0 and 3.5% by wei ght, increased absorption
30 general | y Wecdegrearad stbsiejorntesseahallyndeteasres|thg posiioalad the
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y essentially determnes the position of the em ssion maxi num of the
above conposi@iSomnm. Foe co3damnisdY, IS 261k e, havesa mgrifivan iofluehes
Ce3+ em ssion band can thy be shifted from555 tog 5605 The
co-dopant s StPn e Pasiongt ths SBSIon/ Bl o7 R sRlet RAPEEHLE on 1 he
position of trg]ﬁ)s%ﬁbsssg@gbramgimﬁemvéﬂﬁgnpol our point of the phosphors
according to the invention. The red shift found can be expl ai ned as

foll ows by neans of the theories 10known to the person skilled in the

egative char B 9 DR 6N 58 SedPeings a8 Malow b i Blde s
gﬂt iovat or or birdodisto ihe persorrRilibl én tey aithbercaii tharictdrhd tdGee
yhosphors. In general, it _can be naoted that the Ce3+ em ssion band of

the [ Xe] 5d1[ Xeqnist LeritherefBaativguieapiivn chatgesoithemrianssang hemvearies t he
15red spectr at';c%tb\%%hc{ﬁe‘%fnﬁéh hRg geméeaofb%@, fsﬂlteséﬁﬁéiﬁfetﬂ R Behift %g
sane tinme the ecay Ine IS reauced, Ssince e nergy separ ation o

the ground sttkeeyABtEE bhbspimshin derieral itideecheshatee thXehsdleT emiesioned
by the decrease in the Stark effect. This_al so expl ains Wh% )
substi tution RAndottheXgied adXgl4fe Hgreonfiguration transition is shifted into the

15 red speciral region with increasing covalent character and at the same time
the decay time is reduced, since the energy separation of the ground state
[Xel4f' from the 1st excited state [Xel5d’ is reduced by the decrease in the
Stark effect. This also explains why substitution of o* by N¥, as already
described in the literature (A.A. Setlur, W.J. Heward, M.E. Hannah, U.

20 Happek, Chem. Mater. 20 (2008) 6227) has the same effect.

£,
i

The greater luminance of the phosphors of the formulae 1 to V according to
the invention compared with those of identical compositions, but without
the co-dopants Se, Th, Ir, Sh, can be explained by means of the theories
25 known to the person skilled in the art by the fact that these ions have an
effect on the lifetime of the excited Ce®" states [Xe]5d" in that the lifetime is
shortened. In this case, the [Xc—:e]5d1 electrons return to the ground state
[Xe]4f' more quickly with emission of the fluorescence radiation. From
there, the electrons can immediately be re-excited and subsequently re-

30 emit. Under these prerequisites, the phosphor is capable of absorbing
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described in the literature (A A Setlur, W.J. Heward, ME. Hannah,
U. 20Happek, Chem Mater 20 (2008)g6227) has the sane effect The
greater |um nance of the phosphors of the fornmulae Ito V according to
the invention conpared with those of |dent| cal conpositions, but

wi t hout the co-dopants Se, Th, Ir, can be explained by neans of

{he theorl oo ZoKIOMI AR SHREERA) sﬂﬁ"?'ed g e Bl Beuiit G Bidgter
stat es [ Xe] S5¢dminantBarhé ke-doding does nst Awatitie aatignificartlies shise, the

[ Xe] 5d1 el ectrons return to the ground state Vel 4f1 nore quickly with
em ssion of the fluorescence radiation. Fromthere, the electrons can
i mredi ately .e- re- ! ngder. e
prerequisitegfﬁar{‘%élg?(ﬁ'i?gg%g?ﬁﬁssag}%ﬁg ﬂé%%ggﬁﬁ‘%ﬁ@%tiﬁlg%%ﬂ% -
nmorg |ight ar@n@murd sighedoenliadhd ald@rﬂﬂ@rﬁi&&eﬁbdﬁrmthe corapabndangf
in greater |um nance. The \Z;o-dopi ng does not result in a significant
red shift. Pdhefeundae Yritef\erence is given to a phosphor of the

formula I, where the 5conpound of the fornula | is a conmpound
sel ected fromthe conmpounds of the fornulae Il to V:
(Yi - a- b- cl ua,(Vhl, $ba),Iby, SOAkS {ARGYbgSiy/) O HT2; Cex (1 1) (in
L0V - o b o, asTobUsdby Thae KNG N AT SF012: Cox( 1 % ()
i ga- b- ¢, 1 - g, Thby 1030 GRLATMIN DGy, 1), 987;-6x (V) (V)
- (Y 1050, LUa TBouFo)a.x (AlsyMgySiy2) O12:Cey V)
where, for the formulae |l to V,
x=0.00510 0.1
y=01t04.0
15 a+b+c=1anda=0100.9995;b =010 0.9995;, ¢ = 0.0005 10 0.1.

Preferably, x = 0.015 to 0.05.

The particle size of the phosphors according to the invention is between
50 nm and 30 um, preferably between 1 ym and 20 pm, more preferably
20 between 2 and 10 um.

5{“ In a further embodiment, the phosphor of the formula | may additionally
comprise at least one further of the following phosphor materials:
oxides, molybdates, tungstates, vanadates, group Ilf nitrides, (oxy)nitrides,
25 in each case individually or mixtures thereof with one or more activator
ions, such as Ce, Eu, Mn, Cr and/or Bi.

This is particularly advantageous if certain colour spaces are to be set.

In a further preferred embodiment, the phosphor has a structured (for
30 example pyramidal) surface on the side opposite an LED chip (see
WO2008/058619, Merck, which is incorporated in its full scope into the
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where, for the formulae Il to V, x = 0.0051to0 0.1 y =0to 4.0 15a +
b+c=1anda=20to 0.9995; b =0 to 0.9995; c 0 0005 to O.1.
Preferably, x = 0.015 to 0. 05. The particle size of the
phosphors according to the invention is between 50 nmand 30 pm
preferably between 1 pmand 20 pm nore preferably 20between 2 and 10

pm In a further enbodi nment, the phosphor of the for Ia I
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10 In a further preferred embodiment, the phosphors according to the
invention have, on the side opposite an LED chip, a rough surface which

carries nanoparticles of SiOg, TiO2, AlOs, ZnO,, ZrO; and/or Y;03 or
combinations of these materials and/or particles having the phosphor
composition of the formula | with or without dopants from the series Ce, Th,

15 Ir, Sb and/or Se. A rough surface here has a roughness of up to a few 100
nm. The coated surface has the advantage that total reflection can be
reduced or prevented and the light can be coupled out of the phosphor
according to the invention better (see WO 2008/058619 (Merck), which is
incorporated in its full scope into the context of the present application by

20 way of reference).

It is furthermore preferred for the phosphors according to the invention to
have, on the surface facing away from the chip, a layer of matched refrac-
tive index which simplifies coupling out of the primary radiation and/or of

25 the radiation emitted by the phosphor element.

in a further preferred embodiment, the phosphors have a continuous sur-
face coating which consists of SiO., TiO;, AlO3, Zn0O, ZrO; and/or Y203 or
mixed oxides thereof and/or of the phosphor composition of the formuia |
30 without the activator cerium. This surface coating has the advantage that a
suitable graduation of the refractive index of the coating materials enables

the refractive index to be matched to the environment. In this case, the



The st Fi&¥dfed surface on the phosphor is produced by subsequent
coating 5with a suitable material, which is already structured, or in
a subsequent step by (photo)lithaggaphic processes, etching processes
or by witing processes using energy beans or material jets or the
action of nechanical forces. 10ln a further preferred enbodi nent, the
phosphors according to the invention have, on the side opposite an
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or prevented and the |ight can be coupl ed out of the phosphor

accér di ng t o totakinterehrefientioris reducede WO 2008/ 058619 ( Merck), which
is incorporated in its full scope into the context of the present
application by 20way of reference). It is furthernore preferred for
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mat ched refractlve nde nab es"nore light to be coupled out of the
phosphor si ngeropagatiig inte renahvirafhestdt i on i s reduced.

In addition, it is preferred for the phosphors to have a porous surface coat-
ing which consists of SiO,, TiO», Alz03, Zn0O, ZrO, and/or Y203 or mixed

20 oxides thereof and/or of the phosphor composition of the formula | with or

( without dopants from the series Ce, Th, Ir, Sb and/or Se. These porous

coatings offer the possibility of further reducing the refractive index of a sin-
gle layer. Porous coatings of this type can be produced by three conven-
tional methods, as described in WO 03/027015, which is incorporated in its

25 full scope into the context of the present application by way of reference:
etching of glass (for example soda-lime glasses (see US 4019884)), appli-
cation of a porous layer, and combination of a porous layer and an etching

process.

30 In a further preferred embodiment, the phosphors have a surface which
carries functional groups which facilitate chemical or physical bonding to

the environment, preferably consisting of epoxy or silicone resin. These



In addP¥18M* a continuous |ayer is advantageous if the phosphor has
to be encapsul ated. This may be necessary in order to counter
sensitivity of the phosphor or pargs thereof to diffusing water or
other materials in the ime- 10diate environment. A further reason
for encapsulation with a closed sheath is thermal decoupling of the
actual phosphor fromthe heat arising in the chip. This heat results

in a reductign in f i el t o
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coating of thissokygeupekesichtarpabls fol fermdinkads eanstittidvets eff thebiedeys of
15t he phosphor by preventin% | attj.ce vibrations ﬁ%ising in the
phosphor f r oRRpEd PARRPIRES ARYOL ﬁ@c%‘?ﬁﬁ-%ﬁ#@ﬁﬁpfi SR S S

preferred for : | i 3 j ch
onsi st s of &3 TeRRRRNRhTgengREIToRRIatS) SHAAR<pRRL N e
200xi des t heb@aferaméHaiitaed. Fhdhphossh the degiagcalippoperties o tHeopned-a |
with or without dopants fromthe series Ce, Th, Ir, Sh and/{or Se., .
These por ous AGPYTRGE SaFiear anHEReuTe BRHIVES oan s brafiuRlki el A getal
refractive ingexob a3ty & th¥RkiurEDlsOMes GRablkiRaS PAlsichl Sorldifg te an
be produced by three convéntional nethods, as described in WO

03/ 027015, whihekenivsonmeot inothist exhriagtipn és &eE0|td seupeleciosiatinéntennt ext
of the present .application b of reference: .etching_of alass (for
exanpl e Soda-A5RES GEREERL he s tHas Hn sRadr)TUCingions & PO A S ous

.aygr, and conbination of a porous |ayer and an etching process. 30In
a further preferred enbodi nent, the phosphors have a surface which

carries funct$ioealthepbosihathayes gegerding i thecinveniien appligshipdhe 4|ED chip

bonding to the _gnviro : I | SLI f

silicone r esiR{?Fefﬁfél eC%gE%&ggé @&%ﬁgo}ls@‘gﬁ% ?%%gﬁmg)rggﬁ%gﬁ%gﬁﬁg%hor
esters or ot heirtides] aed theesilitandiess afsarfaes aomdien, tisgorsphor Rypsiswibreh
are able to formlinks to constituents of the binders based on

epoxi des and/wifosm atehRETOSERRIE loved obthe thickneyp et Higlayehis ned¢anstagh

th honogen ' rporation of the phosphors into the binder is
fagﬁ i tated. e@@ lF{él’)?l(rir)bre, t he rheol ogi cal properties of the

phosphor/ bi nder system and al so the pot |ives can thus be adjusted to
a certain extent. Procew o% t he rrié,turest is thus sinplified.

Physi cal bondr#ghedarget GSPRRENRCGACING;te T HIYEETPR M3YsCAARESE Pdo
mean el ect r 0s3ayl iy LBl BakaNSr ARLIRERAnSKN, QBN Wsa i0MA KEC] S,
fluctuations or partial charges. Since the phosphor |ayer according

t o t he i nvent Banawgpphiickss, soch ke L&OCE Ainespraeé erafierablye ermpiloytes] af flaxing

1 Xt f sili d h h h ticl d.t .
1 1 ione has, BOSHIT AEESP AT BRO A AT SRURde MR R R GG itk
- croscopi ¢rd ety biic! fHrikBRSR fhd HREPARYR mbHHIRIgyCARS Rt have

15t hr oughout .
high potential for increasing the efficiency of the phosphors.

The present invention furthermore relates to a phosphor having a garnet
25 structure obtainable by mixing aluminium-, magnesium-, silicon-, yitrium-
and cerium-containing starting materials with at least one antimony-,
selenium-, iridium- and/or thorium-containing co-dopant by solid-state
diffusion methods and subsequent thermal aftertreatment, which phosphor
may comprise a fluxing agent from the series of the alkali or alkaline-earth

30 metal halides or a borate compound.
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Furt hernore, the phosphors according to the invention may conprise 0O

to 20% by weight of alkali or alkaline-earth netals, such as Li, Na,
K, Ca, Sr, Ba, and halides, such-d®+ or . These are preferably
enpl oyed as fluxing 20agent in phosphor preparation and serve for
increasing the crystal quality, rough setting of the particle size
and the particle norphol ogy and thus have hi gh potential for

i ncreasing tr'[meﬁté'rtmﬁgemagerta‘is fdnéh@bmdnaﬁm offihe: m“roesphnt comsiginbs omen-

furthernore relates to a hor a) 5structur.e
bt a1 nabl e byloREERGVal G kAR AR EPL AR Pides of EHTEM and
cerium cont a:yﬂdﬂﬁh %ﬁlﬁbm H%g'ﬁ%%f%lhh ahg c%hﬁl) ahdl L3sdstone t?d“-t BEPNY.or Th-

sel eni unt , | ur’n an or "t hori um cont ai ni ng CO- dopant
sol i d-state aiohfaisingrdapenh and cm’alansub’ée’tmehu oh@bmﬁwtmmmgmaf@atalwnt

whi ch phosph rise fluxi e romt e ser.jes of

A ki Por ol Easins S2PB SHRbiG IR e 2l TRa A Rg b tedle AiFor
P08162 VA - IQqanith@ibstaicesNgudmas hitrdiss, fc@rrbéﬁme@rre,w@éddyﬁbmaté@e
phosphor con3|§ as nentioned above, of the base raterial (fo

exanpl e oxi dgshasbhatasaicathexylajes.alkanides, laceties, raxghies Jialidas, %léfa’t@ﬁrr)

20 21 2250 OB Shern B ompbondl, AT AL LR OB 5Bl ol

starting mat efdranet#é andlctqafdieaties, whioh galyi e diRdbREd @Ihd#sT suspended
substances, such as nitrates, carbonates, hydr ogencar bonat es,

phophat es. danmrwnm@sd/oam@@mdl@wld%@erﬁ’éﬁr@%ce Baiven sthenid efeaides
sul fates, Q@H%Ff% |h?h&85ﬁ8 mg?iéfgn?é‘ﬁtg% }ﬁil:emltgﬁsttﬁgﬁmgmeetnc

sem - netals ransition nmetals an rare ear

di ssol ved and@qb_suspended 10i n i norganic and/or organic |iquids.
Preference is given to the use of oxides which contain the
corresponding elenents in the requisite stoichionetric ratio.

The present 1§N§Bgéﬁosdg{1églrﬁ%ﬁaw ngﬁrﬂﬁéﬁ%te} o ngf&%§§$orf 1Rk &r@ﬁaratlgjn

preparati on process steps: a
preparati on off apbesphnntwcmng/ﬁtea‘dilphm@moceammepm s co-doped with

Vit o e o B eoP RSN B S o PP AR

Tb-cont ai ni ng mat eghalsy- ir- and/or Th-containing materials, by mixing at least 5
starting materials selected from Y-, Al-, Mg-, Si-, Ce-, Lu-, Th-con-
taining materials,

20 b) thermal aftertreatment of the Sb-, Se-, Ir- and/or Th-co-doped phos-
phor.

Besides the preferred preparation of the phosphors via solid-state diffusion
method, the following known wet-chemical methods can also be employed:
25 e co-precipitation with an NH4HCO3 solution (see, for example,
Jander, Blasius Lehrbuch der analyt. u. prép. anorg. Chem.
[Textbook of 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:
30 20086, 281-331)

« combustion method using urea



20b) t o1 el aftertreatnment of the Sb-, Se-, Ir- and/or Th-co-doped

phos- phor. Besides the preferred preparation of the phosphors via
solid-state diffusion nethod, theifiel | om ng known wet-chem cal

nmet hods can al so be enpl oyed: 25 co-precipitation with an NH4AHCO3
solution (see, for exanple, Jander, Blasius Lehrbuch der analyt u.
prep. anorg. Chem [Textbook of Analyt and Prep. Inorg. Chem] 2002)

Pecchi ni et hod, ughng- @R ot d@Redis &l&géﬁlc%@lt%oﬂﬂ%ngt(gﬁém{genﬁkéf%)

(see, for exanple, Annual "Review of Materials Research Vol

302006, 281-331s spmy‘qnwnly@ts Mmmsbuas:rmggameaaltBoammswta:tmmaten-
spray-dryi ng of a% ous or organic salt solutions (starting
materials) spray Eﬁrol ysi s of aqueous or organic salt solutions

(starting materjakglng g%ﬁ%fﬁ‘ﬁﬁ"&c@ RfutiinsRdetha fhit ¢aeravd of iy mal
conversion of the bresi In the above-nentioned co-precipitation,

an Bl - 141- 1CX8 solregidloa i s added, for exanple, to nitrate sol utions

of the correspopding phosphor starting
In the above-mentioned co-precipitation, an NH4HCO; solution is added,
for example, to nitrate solutions of the corresponding phosphor starting
materials, resulting in the formation of the phosphor precursor.

5: 10 In the Pecchini method, a precipitation reagent consisting of citric acid and

w ethylene glycol is added, for example, to the above-mentioned nitrate solu-

tions of the corresponding phosphor starting materials at room tempera-
ture, and the mixture is subsequently heated. Increasing the viscosity
results in phosphor precursor formation.

15 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
slow formation of the phosphor precursor.

Spray pyrolysis is one of the aerosol methods, which are characterised by

20 spraying solutions, suspensions or dispersions into a reaction space (reac-

tor) heated in various ways and the formation and deposition of solid parti-

£

cles. In contrast to spray-drying using hot-gas temperatures < 200°C, ther-
mal decomposition of the starting materials used (for example salts) and
the re-formation of substances (for example oxides, mixed oxides) ad-

25 ditionally occur, in addition to evaporation of the solvent, in spray pyrolysis
as a high-temperature process.
The 6 method variants mentioned above are described in detail in
WQ2007/144060 (Merck), which is incorporated in its full scope into the
context of the present application by way of reference.

30
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materials, resulting in the formati on of the phosphor precursor. 10In
the Pecchini nethod, a precipita[H%?_reagent consisting of citric
acid and ethylene glycol is added, Tor exanple, to the
above-nentioned nitrate solutions of the correspondi ng phosphor
starting materials at roomtenperature, and the mxture is

subsequent |y heated. Increasi the viscosity results.in osphor, .
precursor formdig BH?V%gTer? Wéaah%w'@éﬁ%%%ﬂﬁéﬁt-dilsﬁafef@ﬁﬁ%f%ﬁe calci-
above- ment i onegqRird Hal @il Wit anRasf phRy LFREF RRNRMY B6h

i exam-
starting materials are, for exanple, diSsolved in water, then boiled
under ref | ux pedsingecriech wiartoxifes 40rming @iasi pgre ydrages poat ieashavaon

of the phosphor precursor,. .Spr relysis is one of the aerosol
met hods, whi (}Wn&Bé06%?'58?@?'52@%‘“‘%*@8!‘% ayi ng sol utions, suspensions
or dispersions into a reaction space (reac- tor) heated in various

ways and the formation and deposition of solid particles. In contrast
to spray-dryiTe asovegmiestiogad methpds gnablesny daxied awer shapes of the

h 1 o-for matiGoBP Qabelse e PR os oot po e ARflchs folls 2.

25di ti onal | y QeeMiredima®ddis amhcé@nsivapor ati on of the solvent, in
spray pyrolysis as a high-tenperature process. The 6 nethod variants
nmenti oned above are described in detail in W2007/ 144060 ( Merck),

pr oot *appl (B0 By RS SHEGRERR TR GBI 5rE brdpid by

‘above- ment i oneshviehtionall pratessdsrearhibatorresporading efetar awt/borarefearth
condi {1 ons. (ST B EPTENAY FESPI S HBRHLIN FIR TG GRS g e
hydrogen or  afyd R0 See/ar WHIRIL arO ke RibraRk iR 188 ndf SEPRNATFthe ntext
of the present application by way of reference. These flake-form phosphors
15 can be prepared by coating a natural or synthetically produced, highly
stable support or a substrate of, for example, mica flakes, SiO; flakes,
Al,Os flakes, ZrO; flakes, glass flakes or TiO; flakes which has a very large
aspect ratio, an atomically smooth surface and an adjustable thickness with
a phosphor layer by a precipitation reaction in aqueous dispersion or sus-
20 pension. Besides mica, ZrO;, Si0O,, AlO3, glass or TiO; or mixtures thereof,
the flakes may also consist of the phosphor material itself or be built up
( from a material. If the flake itself serves merely as support for the phosphor
coating, the latter must consist of a material which is transparent to the pri-
mary radiation from the LED, or absorbs the primary radiation and
25 transmits this energy to the phosphor layer. The flake-form phosphors are
dispersed in a resin (for example silicone or epoxy resin), and this
dispersion is applied to the LED chip.
The flake-form phosphors can be prepared on a large industrial scale in
thicknesses of 50 nm to about 20 um, preferably between 150 nm and
30 5 um. The diameter here is from 50 nm to 20 um.
These generally have an aspect ratio (ratio of the diameter to the particle
thickness) of 1:1 o0 400:1 and in particular 3:1 to 100:1.



The ab&¥¥8¥nti oned nmet hods enabl e any desired outer shapes of the
phosphor particles to be produced, such as spherical particles,
flakes or structured materials andjgeranmcs. 10As a further preferred
enbodi ment, flake-form phosphors are prepared by conventi onal
processes fromthe corresponding netal and/or rare-earth salts. The
preparation process is described in detail in EP 763573 and

02008/ 05862&@%‘*@"%@%%?&3[@5 BP% BRGA) ﬁ;Sd%\ﬁﬁbyrFJ()éﬁk bn tHé rr%@@@ﬁ.ﬁégéﬁaﬁ&e

context of t Ication refer

f 1 ake-f or m phospiay euuﬂaﬂﬂeashxentreemgedﬁmgzwahmrtge&onaemrcm lager, in
synthetical |y produced, ng é staple su ?q?rt or a substrate of, for
exanpl e, m cPatigKasil thgyobays prisulagly f@@é HESSIONZ 02 f| akes, gl ass

flakes or T GhdLagses mh%ma{késfoﬁn‘c’iﬁfjdsé{)ggfe -RERBAD theidventiaf « g

atom cally snoo ace and an a ckness wth a phos
|l ayey by a prideiliiild ahipozarm baprowded withcwemaimgdjvbiphmsmrecﬂecm

20 B d Zr02,. Si 0 Al.203, gl T
Chereof i ho TPRHREE 3Miphdh SooLants tie BAeRbrEHRCRIa e o e L ST
or be built ;éfgéme el Ridurlion bl bhBRsEdiBlrd SiRES n%?arry‘?édnﬁﬁéﬁ' y as

support for t osphor coating, the latter "nust consi st of

mat eri al whi cdmhamrrgmemlmmf the latter iptoi thaphosplibragleoent aomrﬂh@ toERDe
or absorbs the grlmary radi ation and 25transmts this energy to the
phosphor | ayePVeH¥RNf | ake- f or m phosphors are dispersed in a resin

éf Ofg exanpl e §h#tét9@'?@r Bis ¥e 0S| o) exanfld hefadlivenRast-AthttfeRPAtl ed
e LED chi p. The fl ake- formgThosphors can be preﬁared on a

| ar ge i ndust ringb, wbizheniigt haveck frlloverg biiclaesa: do- brdealerns }ﬁ!fnthe pri-
preferably bet Weegqgi?tgqq ﬁbﬁqﬂei% Rt/ @h? %&%ﬁﬁ&epgﬂg@ pfrhosrbﬁg} 50 nm

to 20 pm The¥& havé an as o (ra anet er

to the parti Cb@ra‘rﬁld:)(}l@wﬁr efanipld, Gertheén 1Piayuik [Fhypius],i Sprirajer Yetalyo
100: 1. P08162 VA - 13 - The flake. size (length x width) .is dependent

on the arrangéfrieditienalk@®d. dires a%fmgsmavabﬂ%cefss@é}ftﬂhe&%@ Ce/&Hlgeri ng
wthin the COpyRiSlOn chB¥fbastds BRGALALY BF td o sﬂaaé%w};ﬂaé{o

di nensi ons e or m p accord
the inventi onphacinngdét teeadtidye béraindondtmnaliies. ded W|th a coating

whi ch has a ref | ection-
The preparation of the phosphors according to the invention in the form of
ceramic elements is carried out analogously to the process described in
20 WO 2008/017353 (Merck), which is incorporated in its full scope into the
< context of the present application by way of reference. The phosphor here
is prepared by mixing the corresponding starting materials and dopants by
wet-chemical methods, subsequently pressed isostatically and applied
directly to the surface of the chip in the form of a homogeneous, thin and
25 non-porous flake. No location-dependent variation of the excitation and
emission of the phosphor thus takes place, causing the LED provided
therewith to emit a homogeneous light cone of constant colour and to have
high luminous power. The ceramic phosphor elements can be produced on
a large industrial scale, for example, as flakes in thicknesses from a few
30 100 nm to about 500 pm. The flake size (length x width) is dependent on
the arrangement. in the case of direct application to the chip, the size of the

flake should be selected in accordance with the chip size (from about 100



reduci §"®%%ion in relation to the prinmary radiation enitted by the
LED chip. This results in a reduction in back-scattering of the
primary radiation, enhancing couphigng of the latter into the phosphor
el enent according to the invention. ClOSuitable for this purpose are,
for exanple, refractive-index-matched coat- ings, which nust have a
follow ng thickness d: d = [wavelength of the primary radiation from
the LED chi p{ (4 156126} LéferknNdei?) Nitnl 4 8o RARNRRES SBEATIBLLIT 16Re305:0r
exanpl e, Ger se?l?@ﬁmgié(\f%ﬁyswg] ,I Spr?nger Ver?ag, 18t h Edlﬁtion,0
1995. Thi s cofthenchipwyrfabs on fensasst ofcd spitaltlechp argrgeamsnt (IGwhiagtple
al so enconpasses .structuring, of the surface of the flake-form phgos-
phor i n or deRiPrehiB SHANIEMEIR &F soraRan it thehorRbo Paliraisab Pace
the phosphor §,366 ok difkHed LBB, AM¥EiHd ERiticdl lghe chAs WilPhit GRS AR

el enents is carried out anal ogously to the process described in 20WD
2008/ 017353 (Merck), which is incorporated in its full scope into the

here 15 prepdred B SHapnEoLFE cconmutpliniRy nfh Rl e e rer B
dopants by wetighierheble metdosieferablysaanenimyor¥ioss qhel pesliation hay
and applied directly to the surface of the chip in the formof a

homogeneous, théeffeetibabipisdoss i exitilaireallyNpom deabhesphnssdemment. Light
5 P el TS
biace.  caus Ryl ol R fnlo pe o fIGTRICEL kM DIEE

cong of constpathllisatiounf trdedrantiaphodpiedr diementiscaptadout Mheprecasi ¢
hosphor el enents_can be produced on a | ar ge i ndustrial. scale, for
exanpl e, as fiekatier igostatic Ipressing ¢ oymrads snflarpavhere bdasma. tBeo

pm The {1 ak8osL £PaLkenBliind ot e feASHANAP0be R0 HE nHAIRIRTE Th.

In the case of "direct application to the e size of the

shoul d be selthistead, iine sidecnutaces ané wettiedeforeixpnyile withfa solutdo of SThED

P08162 VA - 14 - pnr, 100 pmto, several wWith a certain exces

i 26 of ' aboulias A ARol e T e palG EkrP Lo o Sl

chig arr an_ger?@e‘(%tgg 1ENBaRI Gl DUPNG§NhiB GHraMae Bdivkr 8bating, for exam-

correspondingly. It the phosphor flake is installed on top of a

fi ni shed LED,pla)formé antbeeside sedaddsght cone will hit the flake. 5
Alternatively, electroless metallisation processes are suitable, see, for
example, Hollemann-Wiberg, Lehrbuch der anorganischen Chemie [Text-
book of Inorganic Chemistry], Walter de Gruyter Verlag, or Ullmanns

20 Enzyklopadie der chemischen Technologie [Ullmann's Encyclopaedia of

Chemical Technology].

™

The ceramic phosphor element can, if necessary, be fixed to the substrate

of an LED chip using a water-glass solution.

25 in a further embodiment, the ceramic phosphor element has a structured
(for example pyramidal} surface on the side opposite an LED chip. This
enables as much light as possible to be coupled out of the phosphor ele-
ment. The structured surface on the phosphor element is produced by car-
rying out the isostatic pressing using a mould having a structured press

30 plate and thus embossing a structure into the surface. Structured surfaces
are desired if the aim is to produce the thinnest possible phosphor ele-

ments or flakes. The pressing conditions are known to the person skilled in



The si G8'"&Yf'f aces of the cerani c phosphor el enent can be netallised
with a light or noble netal, preferably alum niumor silver. The
metal | i sation has the effect that 49 ght does not exit laterally from
t he phosphor elenment. Light exiting laterally can reduce the |ight
flux to be coupled out of the LED. The netallisation of the ceramc
phosphor element is carried out in a process step after isostatic

Pl akes can_ bd$ Gt (58 hkrieg@itEhn, Yo@ifisolc kIRt WetpRE Rpflatial
this end, the&sbddc Matéaalel Ghraptevet t2el)istiver Wicksthbfisdiehst, 4988). litis on

of silver nitrate an | ucose, . and subsequently expqse 0.3n a ni a
ot mosphor e 18APOBRBLLELHS BiRSi GrPeTen S Eseh e Bacoab O e e,
coating, for ,@@ﬁ“ﬂé%ubg@n% 19Betfiessdfle surfaces. Alternatively,

el ectrol ess tallisation processes are suitable, see, for exanple,

Hol Isemann- W ber g, Lehrbuch der anorgani schen Chem e [ Text book of
Inorganic Chem stry], VWalter . de Gruyter Verlag, qr Ul manns .
20EnsyKI opadiiB SR i BbAeR<Fs Rl & el Mirliorscahes Exeisskarel a1
Cheni cal Tecflﬂeéegaﬂ\ e, IicR &@HdE RIASPRRE 4¢b ARBRH 53@Am, ipFefepaRpsary,
be fixed to the subs%rate of an LED chip using a water-glass

sol ution. 2548GnMmuotdimut SPEcunnEmse phespheraicthpsonbiosly slinmiorhas

a structured (fQar.ex j . f e Si ite an
CeD chip. . hicdninh BY L AR BBl forite e U8 AL Gy
{m._gmhosphor @ rRBRNbnal discrg e trpe top BxampR: IBasddhén Plagshitalsefe ight
.S’ produced by Cal’l’?_ll ng@;ut the i sostatic prgssi ng% using a nould

havi ng a st rauieesiliks Bwsesppravélispibe plus e ndigeAt 4§18 ruct ure into
the surface. Structured surfaces are desired if the aimis to produce
t he thi nnest possible phosphor elenents or flakes. The pressing

condi tions areh&pmwent nviehéopdudioernsice rblates 1o arPli8iGizatidoh unitlisaving be
art (see J. Kriegsnmann, Teﬁhni sche keram sche Werkstoffe [l ndustrial

Cerami c Mat er'*apkne eHBR e _Q'At,sqyé%ﬁ WOREP SNIPRISE RAPIEHITEASINAXHIDH O | ¢
hel el 11 ng. pREal (7 7R ipEh ETPE hA e af a0 & dob SUnR
particularly preferably 440 to 480 nm, where all or some of the primary
radiation is converted into longer-wavelength radiation by the phosphors
according to the invention. This illumination unit preferably emits white light
or emits light having a certain colour point (colour-on-demand principle).
20 Preferred embodiments of the illumination units according to the invention

( are depicted in Figures 9 to 20.

In a preferred embodiment of the illumination unit according to the inven-

tion, the light source is a luminescent indium aluminium gallium nitride, in
25 particular of the formula IniGaAN, where 0 <1, 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

30 invention, the light source is a luminescent arrangement based on ZnQO,
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I n addition, the phosphors according to the invention can be excited
over a broad range, which extends from about 410 nmto 530 nm
preferably 430 nmto about 500 nm®These phosphors are thus not only
suitable for excitation by W or blue-emtting primary |ight sources,
such as LEDs, or 10conventional discharge |anps (for exanple based on
Hg), but also for light sources like those which utilise the blue
I n3+ |ine at TES) (franspatientpanskisting evisied i 15¢ of BHeprBp @resgamast baseh

i1lum nation _unit t t ry light source whose
em ssion maxP Hlﬂﬂ%%%m% enlj'ﬁﬁ‘ Ifgg'e(e(ﬂ‘ Ijqflhe range 410 nmto 530 nm
preferably 430 nmto about 500 nm particularly preferably 440 to 480

nm where all or sonme of the primary radiation is converted into
| onger - wavel émgtfartherdpreferspd BPDodENBRLRIIhS ik mipate R HAE acecidig fo the

gnv nt i on. ﬂ{v%nltll)humeqmgauw@ it PESTEE AMich Coﬁiﬂdﬁﬁs %Bfrﬁluhﬂﬂ@éceﬂce

s |ight ng a ce col our por nt
principle). 208/@fpoteldmindamincentse dlghttétmrcé mayi fostheomonenalss be a
according to the mventhon are depicted in Figures 9 to 20. In a
preferred enthiRieRl dSCNAFEE $PYIGR nati on unit accordi ng to the inven-
tion, the light source is a |lum nescent indiumalum niumagallium
nitride, in 25particular of the formula Ini G AlkN, where 0i, 0 j, O
Lc_ k, and i Hjhekphosphordassoriing ﬁ)dhﬂén\cﬁntibhgjm ajther bedlisferséd &n aypsn

g[ S ?r(ﬁ:'?ﬁee%ﬁ{piéj BeSrkker Rovr IouY & PIED S 6E5R Bepmiss Aranged
directly on the primary light source or, depending on the application,
arranged remote therefrom (the laiter arrangement also includes "remote
phosphor technology"). The advantages of remote phosphor technology
are known to the person skilled in the art and are revealed, for example, in
15 the following publication: Japanese 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 phosphor and the primary light source to be

20 achieved by a light-conducting arrangement. This enables the 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, lamps matched to the illumination wishes
and merely consisting of cne or different phosphors, which may be

25 arranged to form a light screen, and a light conductor, which is coupled o
the primary light source, can be achieved. In this way, it is possible to
position a strong primary light source at a location which is favourable for
the electrical installation and {o install lamps comprising phosphers which
are coupled to the light conductors at any desired locations without further

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



TCO (t?ﬁﬁ%ﬁ%rent conducting oxide), ZnSe or Si C or an arrangenent
based on an organic light-emtting |ayer (OLED). In a further
preferred enbodi nent of the illusiidati on unit according to the
5invention, the light source is a source which exhibits

el ectrol um nescence and/ or photol um nescence. The |ight source nmay
furthernore al so be a plasma or di scharge source. The phosphors

accordi ng t oThBgresuanhvértiorafurpkihiere Reatds 30 gesesk bhthe grRsbRofe
10(for exanple epoxy or silicone resin) or, given suitable size
ratios, arranageerding tectheyinventiciefopppiial pr comghiets sanversipn ofdbp &l Ay
on the applicat

i . (the latter arrangenent
al so incl udegea?gﬁ{)?@%ﬁ%gﬁﬁ%igiﬂgﬁﬁﬁ%{%@ﬁ@.épThe advant ages of renote

phosphor technol ogy are known to the person skilled in the art and
are reveal ed_ for exanple, in, 15the foll owi ng publication: Japanes
Joubn. of Appgihe mIggehotirccdinaNg the inverdies are fewrmese prefarably Usedher

enbodi nent, it i r i o i : o
il lumnati onlf%rnélcﬁw%éﬁé\ggﬁﬂﬁé%%h%sp aggj\é%@%ﬁgﬁjip?{rt? %ﬁ@élﬁ%}%tmgg&ro g'e
to be 20achi ghedhiysphols gbterdmgdodhe myentivargye fentiternithe prefiecdile ssede

rimary |light source to installed_ at a central.location and, to be
gpti cal>ll y gonﬁ%‘l wVﬁéslPH@?g?ﬁ)EB%H Ef’iF“ '§‘%Q)? CRT gt CRBWaRRIDS the

devi ces, such far I &nckpbght -conducting fibres. In this way,
BRI s

| anps mnat ched el m nati on wi shes and nerely consisting of one
or. 101 fferent phosphors, which may be 25arranged to forma I|ight

sctreen, and | i ght conduct or ich is coupled to t ri mary |ight
source. can DHeSReeGEAveRN rthRiEgre FeisRstoSte e o ff BTG o
strong pri margechidiRg 16 M Beptiorin @eafrblominddceht hiatémyo sl £ for the
el ectrical installation and to install Iangs conpri sing Phosphors

30

whi ch are couplastplecelepisolminesasshfilies (e kpownyasdebiingdimeeatighins
o e is? AT MR 55 0hiABl! B Ritlae! G2iR2GuRBE YoBLa i (1A=,
15 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-
plays) and thin-film transistor (TFT) displays, self-illuminating vehicle
licence plates, floor graphics (in combination with a crush-resistant and
20 slip-proof laminate), in display and/or control elements, for example in
{ automobiles, trains, ships and aircrafi, or also domestic appliances, garden

equipment, measuring instruments or sport and leisure equipment.

The following examples are intended to illustrate the present invention.

25 However, they should in no way be regarded as limiting. All compounds or
componenis which can be used in the compositions are either known and
commercially available or can be synthesised by known methods. The tem-
peratures indicated in the examples are always given in °C. It furthermore
goes without saying that, both in the description and also in the examples,

30 the added amounts of the components in the compositions always add up

to a total of 100%. Percentage data given should always be regarded in the



- 17 - PI@&Vpresent invention furthernore relates to the use of the
phosphors according to the invention for partial or conplete
conversion of the blue or near-UV g ssion froma |um nescent diode.
5The phosphors according to the invention are furthernore preferably
used for conversion of the blue or near-UV enmi ssion into visible

white radi ati on. The phosphors according to the invention are

furthernore preferably.use i f i r agi.at
nto a cort adharcradiccbinEobfvehae biap. Siebe s Cibk ddEh e
present i nverddroambunt Betomramoentaheisated. t he use of the phosphors
according to the invention in el ectrolum nescent materials, such as,
for exanple, electrolumnescent filns (also known as lighting filns
or light filnms), in which, for exanple, zinc sulfide or zinc sulfide
doped with M2+, 15Cu+ or Ag+ is enployed as emtter, which emt in
the syel | ow-green region. The areas ofExdmplegati on of the

el ectrolum nescent filmare, for exanple, advertising, display
backlighting in liquid-crystal display screens (LC displays) and
thin-filmtrdbsippte 14 TRPRparation eswiahgel¢mittingtphas phehi of the com-
i cence plates, floo r .S N eonmbi nation with a crush-resistant
and 20sli p- prm't'PQréyng?)g@?Mgﬁs’ab%ﬁgy and/ or control elenents, for
exanpl e in aubUeRIHiIRP mad I8, 4318 §of 90, 215 5184 b.of QlL,B) 301 99Ty ri C

appl i ances, garden edui pnent, neasuring instrunments or ‘sport an

éﬁi Hure equi pﬁb@h,.0.4'ﬁ130gg&fl%@\@mg&@&%ﬁlﬁﬂwl@gandm gof SiQusker at e
e - r _ ; ;
w1 Ptting.  SHPERg das e D PBYEarstBfa” IR o LBn® BadRia B GRRLACE

conposi tions @kmdetddigst &itPpracedth awdi@idliralchycilsgarhabhetecol stpsebe
synt hesi sed by known nethods. The tenperatures indicated in the
exanpl es ar e ausrilyssigterrthat h5€9°G undenr ¢Rdprdrie apgdae ipsuisnt swig)iGaie
that, both in._t L ' ‘o3

amount s of 1 ng CORHHER B+ BeARArBHEE 4 HREVaNaERIARy s s e ReECh
totgd of 100% 3Baimeidwage data given should always be regarded in the
P08162 VA - 18 - given connection. However, they usually always
relate to the weight of the part-anmount or total anmount indicated.

Example 1b: Preparation of the orange-emitting Sb-co-doped phos-
phor of the composition (Y,Lu,Sh);AIMg.Si,042:Ce, where Lu : Sh =
92:8
20 The starting materials 4.4728 g (20 mmol) of Y203, 14.2778 g (36 mmol) of
Lu,03, 0.9108 g (3 mmol) of Sby03, 2.1207 g (21 mmol) of Al,O3, 0.4130 g
(2 mmol} of CeO,, 8.0084 g (85 mmol} of MgCOs and 4.9067 g (82 mmol)

of SiO, are ground for 45 min in 50 mi of ethanol. The resultant paste is

£

then dried in a drying cabinet and placed in a corundum crucible. The paste
25 is subseqguently sintered at 1500°C under CO for 8 h, and the resultant
sinter cake is comminuted in an agate mortar, and finally the powder is

sieved through a 36 um sieve.

Example 1c: Preparation of the orange-emitting Th-co-doped phos-
30 phor of the composition (Y,Lu,Th);AlMg;Si;012:Ce, where Lu : Th =
92:8



P08162 VA

SExanpl es Exanple |a: Preparation of the orange-emtting phosphor of
the conposition (Y, Lu)3A My2S1201235Ce The starting materials 4.4728 ¢
of Y203, 15.5193 g of Lu203, 2. 120%9 g of 10Al 203, 0.4130 g of Ce02,
8.0094 g of MyCO3 and 4.9067 g of Si02 are ground for 45 mn in 50 n
of ethanol. The resultant paste is then dried in a drying cabinet and

I d i d

15000 under GBPrOrBONTEGAA' fid PashrParroh Tt B dreE SERRERE
in an agate IIQEG)?H 584@gf(6r1ﬁh'io}o dfhaacmp\mdmmg(m md) bhAQQJghOﬁSao%ﬁ
pm si eve. Exanple | b: Preparation of the ora ge em tting Sh-co-doped

phosphor of Dﬁ@e@hnﬁ&ﬂ% @)rﬁgﬁ ) shvsl et (91@7(93 83/\]’6’@?(&) PS5y =

(36 moi) of At i REEREE PP ff b SpnkE Ao Ry s (AL 8ES 7
Al 293, 0.4136hg mgmdb)neﬁfarﬁqﬁlélce@er@QérLg\d(u%cmuﬂle THe py3E3s anbise-
4.9067 g (82 mml) of SIiQ2 are groun t hanol .

The s § o2 dumaty stered b S0 Gander £ igiEh b Thesuen SiaEsdars »
cor undum cr ucf%@hﬁmﬂgédqﬁ%{rﬁa 'rﬁoﬁé\béﬁe%%wxéb&%ﬁg s"i’éveﬁlﬁﬁ%

under CO for he resultant sinter cake 1s conm nut

agate nortar,a 2h@ni sieakl y the powder is sieved through a 36 pm sieve.
Exanple I c: Preparation of the orange-emtting Th-co-doped phos30phor
of the composition (Y, Lu, Th)3A1My2S12012: Ce, where Lu : Th = 92 : 8

P08162 VA - 1 t I Y/ 3,
81%778 g (Sﬁm{rﬁ—;&%@ PFéﬁ%ﬁtr%ﬁSﬁ%ﬁg&aégém%ﬁ 51:&39 2s'gl'bht%(ggH e 8?88 21

%mbl) of Al 2Qshorlo#ithelcgmpbsiEn? (Y Bu0BSUAIMG T, Cml, wheb&gt:m Smd
4.9067 g (82 mml) of 8102 are ground for 45 ruin in 50 m of
et hanol . The $%58i t ant paste is then dried 5 in a drying cabinet and

15000 under OB o Gy ERHTE TS BN Rrnd) SERS o110 08 Reso o
in an agate norar0.6480 d (Gainhgl) och8ePonrid207 g @l ened!)tdirAdeioh Ced BB pm
S| elvse. Ce0,, 8.0094 g (95 mmol} of MgCOs and 4.9067 g (82 mmol) of SiO; are
ground for 45 min in 50 ml of ethanol. The resultant paste is then dried in a
drying cabinet and placed in a corundum crucible. The paste is subse-
quently sintered at 1500°C under CO for 8 h, and the resultant sinter cake
is comminuted in an agate mortar, and finally the powder is sieved through
20 a 36 pm sieve.
~ Example 1e: Preparation of the orange-emitting Ir-co-doped phosphor
of the composition (Y,Lu,lIr)sAlMg,Si.04,:Ce, where Lu : Ir=92: 8
The starting materials 4.4728 g (20 mmol) of Y203, 14.2778 g (36 mmol) of
25 Luz0s3, 1.2690 g (3 mmol) of 1103, 2.1207 g (21 mmol) of Al,03, 0.4130 g
Ce0», 8.0094 g (95 mmol) of MgCO3 and 4.9067 g (82 mmol) of Si0; are
ground for 45 min in 50 ml of ethanol. The resultant paste is then dried in a
drying cabinet and placed in a corundum crucible. The paste is subse-
quently sintered at 1500°C under CO for 8 h, and the resultant sinter cake
30 is comminuted in an agate mortar, and finally the powder is sieved through

a 36 pm sieve.



10Exanpe&zVy. Preparation of the orange-emtting Se-co-doped phos-
phor of the conposition (Y, Lu, Se)3A1My2S12012: Ce, where Lu : Se = 92
: 8 The starting materials 4.4728 .4 (20 mmol) of Y203, 14.2778 g (36
mol ) of Lu203, 0.6480 g (6 mol ) of Se02, 2.1207 g (21 mmol) of

Al 203, 0.4130 g 15Ce02, 8.0094 g (95 nnDI) of MgCOA3 and 4.9067 g (82
mmol) of Si02 are ground for 45 mn in 50 mM of ethanol. The
resultant paste is then dried in a drying cabinet and placed in a
corundum cruci ble. The paste is subsequently sintered at 1500C under

CO for 8 h, %nﬁ‘?@ zaewetpmhtuéhnmﬁe@kﬁ e%mmmgm Athaddns-

nortar, and wder is sieved throu pm si eve.
Exanpl e | e: Ihos;moal{Yd-ru)Ml:aM@IQnﬁﬁge emtting |r-co-doped phosphor
of the composition (Y, Lujr)3A1My2S120-12: Ce, where Lu : Ir =92 : 8
The starting materials 4.4728 g (20 mmol ) of Y203, 14.2778 g (36

f 25L
" Zéé 00 4135%%%52%&5%%@@;8@4@72@9 gfo I;nhmﬁol\;g\zzd@gﬁd&h g&‘mﬁirﬁolpﬁf

mol ) of Si 02.uabe, GREEAY ﬂﬁarmrrm mfnﬂxietas,abt%iﬁo gf(2eaman ¢if Ce@ae4 04719

Cor undum ct aarrinobts HAEDE St pe 8 o) RESIOE AR BR b 4Ry

CO for 8 h, andotipofstBehblaMhesbslieint Gkt 8Ahsn eaaimutdfingtabmaagate
nortar, and fi nal |y the powder is sieved through a 36 pm sieve.

P08162 VA - ZFdacedEadrpPRINgaM pRisHde athoRITP it RebeRaeRElY sinteradRy

I e e

agate mortar, and f naily the powder is sieved through a 36 pm sieve.

Example 2b: Preparation of the orange-emitting Th-co-doped phos-
phor of the composition (Y,Lu,Th)sAlsMgS8i02:Ce, where Lu : Th =
15 92:8

The starting materials 4.4728 g (20 mmol} of Y203, 14.280 g (36 mmol) of
Lu,Os3, 0.8237 g (3 mmol) of ThO,, 6.3623 g (62 mmol) of Al;O5, 0.4130 g
(2 mmol) of CeOs, 4.0471 g (48 mmol) of MgCO3 and 2.4039 g (40 mmol)

20 of Si0O, are ground for 45 min in 50 ml of ethanol. The resultant paste is

AT
3

then dried in a drying cabinet and placed in a corundum crucible. The paste
is subsequently sintered at 1500°C under CO for 8 h, and the resultant
sinter cake is comminuted in an agate mortar, and finally the powder is

sieved through a 36 ym sieve.

25
Example 2c: Preparation of the orange-emitting Se-co-doped phos-
phor of the composition (Y,Lu,Se);Al;MgSiO42:Ce, where Lu : Se =
92:8

30 The starting materials 4.4728 g (20 mmol) of Y203, 14.280 g (36 mmol) of

Lu20s, 0.3241 g (3 mmol ) Se0,, 6.3623 g (62 mmol} of Al,O3, 0.4130 g



Lu203, PB'83823 g (62 mmol) of Al 203, 0.41309 (2 nmmol) of Ce02, 4.0471
g (48 mml) of MJCG®B and 2.4039 g (40 nml) of 8102 are ground for 45
mn in 50 m of ethanol. The resubyant paste is then dried in a
drying cabinet and placed in a corundum cruci ble. The paste is
subsequently sintered at 1500C under CO for 8 h, and the resultant
sinter cake is commnuted in an agate nortar, and finally the powder

[ [ dth th
ey o TR PR R B i ey RIS A6 (Bl P
(Y, Lu, Th) 3A13¥MgRh AR Goundtter &5 ltin:in B0 Al d5ARancI8THB eesulaint pbaste is
materials 4.47289 (20 mmpl) of Y203, 14.280 g (36 mmol) of Lu203,

0.8237 g (3 than §ried INAGRYIng cabinst gndarecadinga epruprumscrugible; Ibe :eazste

ggg:‘)BiOBZCS? g ou%‘épo}((‘;ﬁe{gg)étlhé@oyﬁﬁ%{waanoﬁsgq%teﬁef%gu ant

paste is therirfér €skd i8 apneminuted rabn aghteamdriph, anedfinaily dhe powdeuis
cruci ble. The paste is sug%e&gently sintered at 1500C under CO for 8
h, and the r&&yeddhtougha B¥YSs conminuted in an agate nortar,
and finally the powder is sieved through a 36 pm sieve. 25 Exanple
2c: Preparation of the orange-emtting Se-co-doped phosphor of the
conposi tion (ExdmpEldRsatien cddhewirangelamittibg I=cOzlopd] pROSHHEr

VA -21 - (2 mmol) of Ce02, 47 nd 39 ¢
(40 mol) of ofithe %P@?GW(QBP%Q%MSW%GW“ZPC@QH& 6 g
{ : Itant paste is then dried in a drying cabinet and placed in a

zorundum cruci bl e. The paste is subsequently sintered at 1500C under
CO for 8 h, Ak sthdingesatdariats 435128t (2cmkml) sf CLPayi14LR8Mg (36 emnai(gafe

T 30 Il s BRIl BTC b BB D BB Bt

% the compogbhihgpi)(of ¢an 1WAV F18 kbl of MIRE®; hHd 2.40357g 920 mrflolf

of SiO; are ground for 45 min in 50 ml of ethanol. The resultant paste is

15 then dried in a drying cabinet and placed in a corundum crucible. The paste
is subsequently sintered at 1500°C under CO for 8 h, and the resultant
sinter cake is comminuted in an agate mortar, and finally the powder is

sieved through a 36 um sieve.

20 Example 2e: Preparation of the orange-emitting Sb-co-doped phos-
phor of the composition (Y,Lu,Sb);Al:MgSi02:Ce, where Lu : Sb =
92:8

e

The starting materials 4.4728 g (20 mmol) of Y303, 14.280 g (36 mmol) of
25 LusOs, 0.4382 g (1.5 mmol) of Sb,03, 6.3623 g (62 mmol) of AlLOs3,
0.4130 g (2 mmol) of CeOg, 4.0471 g (48 mmol) of MgCO3 and 2.4039 g
(40 mmol) of SiO; are ground for 45 min in 50 ml of ethanol. The resultant
paste is then dried in a drying cabinet and placed in a corundum crucible.
The paste is subsequently sintered at 1500°C under CO for 8 h, and the
30 resultant sinter cake is comminuted in an agate mortar, and finally the pow-

der is sieved through a 36 pm sieve.



The st atdg materials 4.4728 g (20 mmol ) of Y203, 14.280 g (36 mmol)
of Lu203, 0.648 g (1.5 mmol) of 1r203, 6.3623 g (62 mmvl) of Al 203,
0.4130 g (2 mml) of Ce02, 4.047%2%_(48 nmml ) of MgCOB8 and 2.4039 ¢
(40 mmol ) of Si02 are ground for mnin 50 mM of ethanol. The
resultant paste is 15then dried in a drying cabinet and placed in a
corundum cruci ble. The paste is subsequently sintered at 1500C under
CO for 8 h, and the resultant sinter cake is commnuted in an agate
nortar, and finally the powder is sieved through a 36 pm si eve.
20Exampl e 2e: Preparation of t - S f: - co- doped phos-
phor of the conposition (Y,Lu,Sbsgiﬁgﬁg%ﬁﬁgﬁ%%ggv%%re Lu : Sb =92 :
8 The starting materials 4.4728 g (20 mmol ) of Y203, 14.280 g (36

| f 25Lu203, 0.4382, 1.5 . f Sb203, .6.3623 62 | f
N'203, °0. 21301 Insoiid) Wihs BKgames Dareatst ARl HAPY YO IRERBIoRiRE
2,439 g (40 ile: otk SlfngeUn figlred BB ibeTolfyit: Of et hanol .

st r ca n

The resul tant paste i ndried in a yi ng inet a pl aced in a
corundum cruci ble. The paste is subsequently sintered at 1500C under

COf 8 h, dth | t.ant sint ke. i i ted i t

ortar and isaliSnoisofiey BpEdel dBton BN 2 56 pm oi ave. o

P08162 VA -2 i i . i i ;
Y%@?@ﬁﬁdgﬁztﬂ&dgd)é:(@ﬁfefébﬁ% 5, Ir, Sh, Se), Cu Kb gadignsmt i on

will be explain reater elow wth ref'erence to a 5Snunber
of working exanples. The figures show the followng: Fig. 1: shows

-he X-ray powder _diffraction. pattern of (Y, Lu)3 2512012: X
(e e X =PTHEG) 2 Sngys e Sl Chna s (G eoHo SheAR ko) of
excitation ( Ly, .M ssce | i lection spectrum (3) of (\loss
| - ul. 95Ceo. 62)(3&?%@%%‘?20%5@ VRSO
Fig. 3: shows emission spectra of the phosphors according to the invention
from Working Examples 1a to 1e. It is clear here that the co-doping
15 (spectra b, ¢, d and e} increases the luminance (emission intensity)

compared with the non-co-doped phosphor.

Fig. 4. shows a detail magnification from Fig. 3 for improved depiction of
the emission peak maxima.
20

£

Fig. 5: shows an X-ray powder diffraction pattern of
(Y,Lu)sAlsMgSiO2:Ce X, where X = Th, Ir, Se or Sb (Cu Ka radiation).

Fig. 6: shows an excitation (2), emission (3) and reflection spectrum (1} of
25 (Y,LU)3A|3MQSEO1QZCG.

Fig. 7: shows emission spectra of the phosphors according fo the invention

from Working Examples 2a to e: The greater luminance of the co-doped

phosphors (b to ) compared with the non-co-doped phosphor (a) is evi-
30 dent.



Fi g. 3P0888dhs em ssion spectra of the phosphors according to the
invention fromWrking Exanples la to le. It is clear here that the
co-doping 15(spectra b, ¢, d and_e) increases the |um nance (em ssion
intensity) conpared with the non-co-doped phosphor. Fig. 4: shows a
detail magnification fromFig. 3 for inproved depiction of the

em ssi on peak maxima. 20 Fig. 5: shows an X—ray powder diffraction
pattern of (%.Ly)3Al3 T € Cu_Ka
radi ati on). F‘ - shows dﬁfadl m%gmgﬁ%%?%ﬁ fi?lmep 8|?§Ef %Gﬁt éiijergﬂS\r%té) o?fK
(3) and refl ggd beak sfeataum (1) of 25(Y, Lu) 3A13MSI 012 Ce. Fig. 7:
shows em ssion spectra of the phosphors according to the invention
from Wrking Exanples 2a to e: The greater |um nance of the co-doped

phosphors (b ) C

vt - Sodent . Figeh s dipiirnibdc et elbrier AT eARNe Ml e 7
fror_rp Fig. 7 fpwospﬁbt-e@ntdimmteammgﬁtTmGIﬁpadthﬂmslmmmkg LD 1
shows a diagranmatic depiction of a light-emtting diode wth a 5

phosphor - contasi iRdRIo0cHRUT 6. T%EE@dF’qﬁ'@ﬁ‘r@ﬁ?d @Brﬁ)?‘t‘%”égaﬁe% Fflectqrcehichp
1 as radiati n{éoé‘

which is hel 39'8 Ry %H;aﬂélfsﬁehﬁﬁt franfER2t @%@Bcﬁ?%”?%g‘ﬁiﬁgg&ﬁ@&
first contactg 6ia\a fatecdbla? arabdiescllydach sbcroadtélgc’moaiaccmm@d A coating

el ectrical contact 6'. A coatin i i

whi ch conprises. a conversion
Shosphor  accoPFRGOMPTiSRa 3 FUMATSER PRSEPRORES ARG meﬂmn hasi de
ég%awre of g égﬁule%%cme%%eznﬁfamﬁmﬁé%Wéc%oree hes nu%s% are,

parately fromo another or as a mxture. (List o ers:

| i ght - emi tti ngjthdir edepioPed e¢parataly frod) pes anpther oo aser middurep Hasipbigrart 5

diffuser, 6 er'n?r(r:\ ér%gqﬁz’th-eHiﬁl i oc& )2 reflector, 3 resin, 4 conversion phosphor,

5 diffuser, 6 electrodes, 7 flat cable)

15 Fig. 10: shows a COB (chip on board} package of the InGaN type, which
serves as light source (LED) for white light (1 = semiconductor chip; 2,3 =
electrical connections; 4 = conversion phosphor; 7 = board). The phosphor
is distributed in a binder lens, which simultaneocusly represents a secondary
optical element and influences the light emission characteristics as a lens.

20
Fig. 11: shows a COB {chip on board) package of the inGaN type, which

e

serves as light source (LED) for white light (1 = semiconductor chip; 2,3 =
electrical connections; 4 = conversion phosphor; 7 = board). The phosphor
is located in a thin binder layer directly on the LED chip. A secondary

25 optical element consisting of a transparent material can be placed thereon.

Fig. 12: shows a Golden Dragon® package which serves as light source
(LED) for white light (1 = semiconductor chip; 2,3 = electrical connections;
4 = conversion phosphor in cavity with reflector). The conversion phosphor

30 is dispersed in a binder, where the mixture fills the cavity.



15Fi q.Pfo)S?V%homs a COB (chip on board) package of the InGN type,

whi ch serves as light source (LED) for white light (1 = sem conductor
chip; 2,3 = electrical connectiong4 4 = conversion phosphor; 7 =
board). The phosphor is distributed in a binder |ens, which

simul taneously represents a secondary optical elenment and influences
the Iight em ssion characteristics as a lens. 20 Fig. 11: shows a COB
(chip on boa SIEIN Swheght =
source (LED) %b?@glﬂﬁwgé: sem&%gﬁg%ﬁuoﬁﬁ%élg%&@% whed!

el ectrical coasiagt 28m electrdcai@mae@iczm ﬁrrb@cpjr\mr$lom layesodhe pemgmnduc-

phosphor is ted in a e

A secondary %@o%ﬁ‘? Jga?ogplg&@k%ogg%gﬁ&ﬁrﬂéeél?gééar}%f é%%{b tr'?éﬁgﬁqﬂiopl
can be pl aceqpehsmecdesifn Gaste agbantga thal itBas Brsagantiysigaekages and
whi ch serves as |ight source (LED) for white light (1 = sem conductor
chip; 2,3 = éhustisiinte cayenéenaldasgpsa = conversi on phosphor in cavity
with reflector). The conversi on phosphor 30is dispersed in a binder,
where the mxture fills the cavity. P08162 VA -24 - Fiq. 13: shows

an SMD packaggg (fiisheos drisgt@dnpaickigitionwfer ight-emittag digde wBere 1 =
el ectrical connections; 4 = conversion |ayer. The sem conductor chip

i s conpl et el ﬁeﬁﬁv@'ﬂ@@t% ¢hiP: e DRSS! canastionfy? EEANErSION BRESRITRT
The SVD des! ¢ BBAdVIR A ttﬁ@%hpeg«%oa ,gg&gﬁeq f%ﬂldeﬁlwgpyoﬁéﬁmﬁ

and 5thus fits into corventional shows a ranmatic
depigct i on of farmhioftte smsphm@umﬂmdeyewdmraa:tJas%es:endam‘mimbelemm
2,83 = electrical cor}@ectl or‘%s f: nver si on ghosphor = bond wre,
vvhere t he phc¥shean INYUSRET:i BEIGFW”B & IBRERTOREIFH gl obe. This 10form
of the phosphor/binder |ayer can act as secondary optical elenent and
can infl uence, for exanple, light propagation. Fig. 15: shows a
di agrammat i ¢ gpl&tshowsod diaagragmgt?srﬂemti:thgl Qﬁa)h'@jt—&mi@ir@ diode, where 1 =
sem conduct or_ chi = .el nnect i.ons = convers

oS omor 1C] o sermoBadEd B! Grnt BRI ARG PTRLA £ R ERNiGh Bh8Eanor
| aygy di spersgd Hdhdau‘% rvd@ére tﬁef;ﬂfdisPﬁbr @@ﬁm@@@% SHih RYendisperRriary

optical elenent, such for exa I'ens, can easily be applied
to this | ayerblnder A further ccmponent actlng as secondary optical element, such as,

for example, a lens, can easily be applied to this layer.

Fig. 16: shows an example of a further application, as is already known in
20 principle from US-B 6,700,322. The phosphor according to the invention is

used here together with an OLED. The light source is an organic light-emit-

ting diode 31, consisting of the actual organic film 30 and a transparent
substrate 32. The film 30 emits, in particular, blue primary light, produced,
for example, by means of PVK:PBD:coumarin (PVK, abbreviation for poly-
25 (n—vinylcarbazole); PBD, abbreviation for 2-(4-biphenyl)-5-(4-tert-butyl-
phenyl)-1,3,4-oxadiazole). The emission is partially converted into yellow,
secondarily emitted light by a cover layer, formed from a layer 33 of the
phosphor according to the invention, so that white emission is achieved
overall through colour mixing of the primarily and secondarily emitted light.
30 The OLED essentially consists of at least one layer of a light-emitting

polymer or of so-called small molecules between two electrodes, which



Fig. 1BwiNews an exanple of a further application, as is already
known in 20principle fromUS-B 6, 700,322. The phosphor according to
the invention is used here togeth%{ with an OLED. The |ight source is
an organic light-emtting diode 3f;” consisting of the actual organic
film30 and a transparent substrate 32. The film30 emts, in
particular, blue primary light, produced, for exanple, by means of

PVK: PBD: coumari n (PVK, abbreviation for poly-_ 25(n n azol
PED, | abbr oui APRDRT FLMatSTAS BRI seosud et iof srapple. 1S Tbreviatbh
phenyl)-1, 3, 40&3? @h@ﬁﬁloﬁbd TQ@aﬁaaé%herh h@h@%bb@}é BhefANNRIH 84 bt O

yel | ow, secon y enltte a cover |ayer, formed froma

| ayer 33 of ekemptedphor Cacesmtm:g:iet & plhealihnotiayersiwhich sane& elirerias
em ssion is ved raII rou C moxin of .t anar

and secondar TP EARERaH AES R =eschm groct oSkt s BBt Gi ik,

| eagt one | axedaidhoRculcdhdreastidr 4186 uBeH WERiedH tm:f el%@tr@@éé eﬁ\é@?@ai&mg
nol ecul es between two el ectrodes, which P0816 25 - consi st of
material s knpaymeis used age foraxane, Ié@dhifﬂﬂﬂf@l,’ieif wcpolaawr@maé@naia for
indiumtin oxide), as anode and a highly reactive netal, such as, for
exanple, Ba or Ca, as cathode. A plurality of layers which serve
either as hole-transport |ayer or also as electron-transport |ayers
in the region of the small nolecules are often al so used between the
el ectrodes. The emitting polyners used are, for exanple,

ol yfl uorenes or polyspiro materials. P08162 VA - 26 - Patent C ains
g_zPhosphor havi ng a garnet structure of the fornula I

L
£



formul ae 11
(A'5_yMgw2Sl y/ 2) 012: Oex(11) (Y1- a-B
(Al6-yMyy/ 2Sl y/ 2) 012: Cex010 (li1-at

PO8162 VA

5 (Ya, Lub, Sec, Thd, T1le,Irf, Sbg) 3_, (A15_yMyyaSi y/ 2) 012: Cex(1) where
atb+c+d+e+f +g+h+i =1 10x = 0.005 t@g.1 and y = 0 to 4.0. 2.
Phosphor according to aim1l, characterised in that the conpound of
the 15forrmula | is a conpound sel ected fromthe conpounds of the

to V: (Yl-a-b-c, Lua, Tbb, Sbc) 3. . x
bb, Thc) 3- x

S&Qh%@a-irﬂﬁé Sec) 3-x

(AL16-yrAgy/ 2SIyl 2)012: Cex(1V) 20(Yi-a-b-c, 1-u3, Tbb,lre)3_x

(Al5_yMyi 2SI'y/ 2) 012: Oex(V) where, for the fornulae Il to V, Xx
0.005t0 0.1y =0to4.0a+b+c=1anda=0to 0.9995; b

0. 9995; = 0.0005 to 0.1. 25

£
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c

1.

Phosphor having a garnet structure of the formula |

(Ya,Lup,Seq, Thy, The, i1, Sbg)s x (Als.yMQy2Sly2)O42:Cey Q)]

where
a+b+c+d+e+f+g+h+i=1
x=0.00510 0.1

and

y=0104.0.

Phosphor according to Claim 1, characterised in that the compound of the
formula | is a compound selected from the compounds of the formulae [l to
V:

(Y 1-a-b-cs-Ua, TDb,Sbc)3.x (AlsyM@y2Siy2) O12:Cey (N

(Y t.a-p-c, LUa, Tby, The)ax (AlsyMgy2Siy2)O012:Cex (1)
(Y 1-ab.0,LUa, TDo, S€0)3x (AlsyMgy2Siy2) O12:Cey (IV)
(Y 1-a-b-c,LUa, Thp, Ire)sx (AlsyM0y2Siy) O12:Cey (V)
where, for the formulae 1l to V,

x = 0.005 16 0.1

y=0t04.0

a+b+c=1anda=01t00.9995; b =0to 0.9995; ¢ =0.0005 to 0.1.

Phosphor according to Claim 1 and/or 2, characterised in that it has a rough
surface which carries nanoparticles of SiO;, TiOy, Al,O3, Zn0O, ZrO; and/or
Y,03 or mixed oxides thereof and/or particles having the phosphor composi-
tion of the formula (1) with or without dopants from the series Ce, Th, Ir, Sb

and/or Se.



P08162 VA ) ) ) ) )
3. Phosphor according to Claim1l1 and/or 2, characterised in that it

has a rough surface which carries nanoparticlee of Si02, Ti02, Al 203,
ZnO, Zr02 and/or Y203 or ni xed oxi?des thereof and/ or particles haying
t he phosphor conposition of the formula (1) with or without dopants
fromthe series Ce, Th, Ir, Sb 30and/or Se. P08162 VA - 27 -
Phosphor according to one or nore of Clains 1 to 3, characterised in
that it HasPhosphdriatcording te baeer coeteiaidlaims h te nsharastesised inthat it
1102, Al 203, ZnO_ Zr02 and/or Y203 or m xed oxi des.{ hereof d of
Lhe_ phosphofas8amBanvswneBreth et et Gh CB s RESICA RSa At dEP: Ce.
Phosphor acgqsdhf@rol ¢,006r AixePegdes tHdrabMnd/of 6f the ;ﬁt@g&@t esmpedition
that it has a porous surface coating which consists of SiQ2, Ti02,

Al 203, ZnO, ofaheZoemdiadhweidzowWthaiagtvatex Ce€es t her eof and/ or of the
pho%phor conposition of the formula (1) with or without dopants from
the-series Ce, Th, 1r, Sb and/or Se. Phosphor according to one or

more of @ apRBsphdradzor@ingracherdrsgsre of Clamhs tihe 45 thareeerisatinh ésat it
functional groups which facilitate chem cal or physical bonding_to

t he envi r onhasie PQipus SHEBES ceainRg Whichrumidpekyi@n 1é9riAdAe i 02
e o : ! . .
Phosphor 2ok Rl M0% By 5ed ks f@eob kB of tidpfosrHAPEBRBEIRAGS "

it co g al'ka al'kal i'lme-eart
nmetal s, suckefrivula MRwitK or@gthcbit doBantsérun lid sehdss Ceyth, msSE and/d@l
Phosphor according to one or nore of Clains 1 to 7, obtainable by
pixithg al umSf um, yttrium, lutetium, terbium, magnesium,
siflicon- and ceriumcontaining starting materials with at |east one
antinmony-, selenium, iridiumand/ or thoriumcontaining co-dopant by
sol i d- st a6.e Pthiokpbsi accardingddorenat reatsselUleinns tiHerehasddtenisadeatthatihe

whi ch phosphc i f 1 uxi t..f th i es .of, .th
al'kal i or alKERPREARE HNRRT! oRarMbICh TaC ks ShemicahBbARYBICHRR0Ts o
for the pre ﬁ‘)tih%%rﬂfiroﬁnfé?ﬂﬁﬁl@%rab@%d?&is@ing@T;@?bx?bf dikbsmE redin.t he

formula | having the follow ng procéss step preparation of a
cerlaim acti vated phosphor which is co-doped with antinony-,

selenium, iridium and/or thaoriumcontaiping.naterjals, b 1 %I ng., at

Teast 5 slamlIaRgNRLRERTANY Catisanon shtwine 418 o pirduereed fthdfy

and/or Si- RBAtHes\Wo2@8 by weighabnalRali BREREIIR-Barth metals, such as L,
Na, K, Ca, Sr, Ba, and halides, such as F or Cl.

20 8. Phosphor according to one or more of Claims 1 to 7, obtainable by mixing

aluminium-, yttrium-, lutetium-, terbium-, magnesium-, silicon- and cerium-

£
£ 3

containing starting materials with at least one antimony-, selenium-, iridium-

and/or thoerium-containing co-dopant by solid-state diffusion methods and

subsequent thermal aftertreatment, which phosphor may comprise a fluxing
25 agent from the series of the alkali or alkaline-earth metal halides or a borate

compound.

9. Process for the preparation of a phosphor having a garnet structure of the
formula | having the following process steps:
30 a) preparation of a cerium-activated phosphor which is co-doped with anti-
mony-, selenium-, iridium- and/or thorium-containing materials, by mixing at

least 5 starting materials selected from Y-, Al-, Tbh-, Ce-, Lu-, Mg- and/or Si-
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b) thermal aftertreatnment of the antinony-, selenium, iridium

and/ or thoriuncto-doped phosphor. 5L0. Process according to Claim?9,
characterised in that the surface 'of the phos- phor is coated with
nanoparticles of Si02, Ti02, A 203, ZnO, Zr02 and/or Y203 or m xed
oxi des thereof or with nanoparticles of the phosphor conposition wth
or without dopants. 1011. Process according to Caim9 and/or 10,

char act eri sEeNRHIRGH2eHZSsurf ace of the phosphor is provided with a
cont | nuous B?ﬁﬁ'rﬁ‘%i QfteRiRdmeht B2iheMArdlRonyZNESle AR | RtliAI an@/8BtHIrium-
m xed oxi des’ t hereof and/or of the phosphor conposition of the
formul a (1) coidopedtphdsehatti vator cerium 1512. Process according to
one or nore of Clains 9 to 11, characterised in that the surface of
t he phosphor is provided with a porous coating of Si02, TiQ2, Al 203,

ZnOys Zr 02| Rpdhe¥ssRA3rding 1 XREine 8] esatieesedin fHat dhe shtaqhosplaqhos-
conposition wth or without dopants fromthe series

] ] I C Ce, Th, Ir, Sb
and/ or or Sehop® amted Withmanapasiciem Pt Sk iTHYz #4202 280, &2 ppiiasNyOs

O o RER o AR gt BRI o o500

radi ation i yigosmgitied dopaatd.onger - wavel engt h radi ati on by a phosphor
according to one or nore of Clains 1 to 8. 25 14. Illumnation unit
according to Claim13, characterised in that the Iight source is a

| um pesce j.ndi 1-Ri i e 0. i r

tor il T - P b D g T AR SIS, 16, characEngl b il Bl Jlidgeey

L1 |11 umth@phosphiariis pacdded will & ocoridiraioms tdating af 1D £ MiGegdAlL O3, AN,

the light squrce is | um nescent . conpound based .gn ZnO, . TCO -

1T ansoar ent2 1o aadiar Yol s TaaRa Cxies TBeteat endiy f trs PhrsRhancomRAsition

accordi ng t%fgq@%dﬂr&ﬁa 1§ a6t B1d SRaldt deain.the light source is a

mat eri al based on an 0|§gani c light-emtting | ayer.

15 12.Process according to one or more of Claims 9 to 11, characterised in that the

surface of the phosphor is provided with a porous coating of SiO, TiO3,
ALOs, Zn0, ZrO, and/or Y,0; or mixed oxides thereof or of the phosphor

composition with or without dopants from the series Ce, Th, Ir, Sb and/or or

Se.
20
_ 13. llumination unit having at least one primary light source whose emission
( maximum is in the range 410 nm to 530 nm, preferably between 430 nm and
500 nm, where all or some of this radiation is converted into longer-wave-
length radiation by a phosphor according to one or more of Claims 1 to 8.
25

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

IniGajAIN, where 0 <1, 0 <], 0 <k, and i+j+k=1.



17. || Pe§f2Mati on unit according to daim 13, characterised in that
the Iight source is a source which exhibits el ectrol um nescence
and/ or phot ol um nescence. 10 18. _blgl um nation unit according to Caim
13, characterised in that the light source is a plasma or discharge

| anp. 19. Illumnation unit according to one or nore of Clains 13
to 18, characterised 15in that the phosphor is arranged directly on

the primary,light. sour. ry I t f . . ), .hation
uni ¢ accapd OB foRRHnge AR 13 REELEb i e hotiRg e
that the opsiLiamisestint conpriundeaseleornoopian anshshhesmrdonduyting ght
20source is achieved by a Iight-conducting arrangenent. 21. Use of at
| east one Wm@@h@rﬂs@foﬁ%‘@-forwl a | according to one or nore of
Clains 1 to 8 as conversion phosphor for conversion of all or sone of
the blue or near-UV emission froma | um nescent diode. 25 22. Use of

at keast 1enguphestimounitphcddrdirigaioniban 1 3aclcanadienget dn thet toe lightr sourée
Clains 1 to 8 as conversion phosphor faor conversion of the primry
radi ati on i BtdmMated LFsAd Q) YU PTGEIGIHRTRINGIBYSUr - on- demand
concept .

17.Illumination unit according to Claim 13, characterised in that the light source
is a source which exhibits electroluminescence and/or photoluminescence.
18. lllumination unit according to Claim 13, characterised in that the light source

is a plasma or discharge lamp.

19.lllumination unit according to one or more of Claims 13 to 18, characterised
15 in that the phosphor is arranged directly on the primary light source and/or

remote therefrom.

20. lllumination unit according to one or more of Claims 13 to 18, characterised
in that the optical coupling between the phosphor and the primary light

20 source is achieved by a light-conducting arrangement.

21.Use of at least one phosphor of the formula [ according to one or more of
Claims 1 to 8 as conversion phosphor for conversion of all or some of the
blue or near-UV emission from a luminescent diode.
25
22.Use of at least one phosphor of the formula | according to one or more of
Claims 1 to 8 as conversion phosphor for conversion of the primary radiation

into a certain colour point by the colour-on-demand concept.



