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Eu®'-activated phosphors
Technical field

The invention relates to Eu?*-activated phosphors, to a process of the
preparation of these phosphors, the use of these phosphors in electronic
and/or electro optical devices, such as light emitting diodes (LEDs) and

solar cells, and especially to illumination units comprising said phosphors.

Background Art

White light-emitting diodes (LEDs) exhibit high efficiency, long lifetimes,
less environmental impact, absence of mercury, short response times,
applicability in final products of various sizes, and many more favorable
properties. They are gaining attention as backlight sources for liquid
crystal displays, computer notebook monitors, cell phone screens, and in

general lighting.

By combining red, green, and blue emitting phosphors with an near UV
LED, which typically emits light at a wavelength ranging from 280 to 400
nm, as a primary light source, it is possible to obtain a tri-color white LED

with better luminescence strength and superior white color.

Typically, a red, a green, and a blue emitting phosphor are first mixed in a
suitable resin. The resultant gel is then provided on a UV-LED chip or a
near UV-LED chip, and hardened by UV irradiation, annealing, or similar
processes. The phosphor mixture in the resin should be as
homogenéously dispersed as possible in order to observe an even, white
color, while looking at the chip from all angles. However, it is still difficult to
obtain a uniform distribution of the different phosphors in the resin
because of their different particle sizes, shapes and/or their density in the

resin. Hence, it is advantageous to use less than three phosphors.
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However, even by using a mixture of two phosphors, in order to produce
white LEDs using UV or near UV-LEDs, it is still difficult to uniformly mix
phosphors having different sizes, particle shapes, and densities in the
resin. Moreover, the phosphors should not be excited by a wavelength
located in the visible range. For instance, if the emission spectrum of the
green phosphor overlaps with the excitation spectrum of the red phosphor,
then color tuning becomes difficult. Additionally, if a mixture of two or more
phosphors is used to produce white LEDs using a blue emitting LED as
the primary light source, the excitation wavelength of each phosphor
should efficiently overlap with the blue emission wavelength of the LED.

As known to the expert, white LEDs can be also obtained by adding a

yellow emitting phosphor to a blue light emitting LED.

Typically, the yellow phosphor used in such applications is yttrium
aluminum garnet activated by Ce**, Y3Als01,:Ce**, (YAG:Ce) as described
for example in S. Nakamura, G. Fasol, ,The Blue Laser Diode®, (1997) p.
343. Also some ortho-silicates M,SiO4:Eu** (M = Ca, Sr, Ba) are
suggested, to be used as yellow-orange emitters, as disclosed for
example in G. Blasse, et al., Philips Res. Rep., 23 (1968) 189. Moreover
various nitrides and oxy-nitrides, doped with divalent europium or trivalent
cerium ions, such as M,SisNg:Eu®* (M = Sr, Ba), may be utilized as
described in H. A. Héppe, H. Lutz, P. Morys, W. Schnick, A. Seilmeier, J.
Phys. Chem. Solids 61 (2000) 2001.

However, the aforementioned materials suffer from the fact that the
spectral region covered, is not sufficient to produce warm white light.
Moreover, the nitrides and oxy-nitrides are expensive host lattices, due to
the physical properties of the starting nitride materials, namely
hygroscopicity and sensitivity to ambient atmosphere.

Accordingly, there is still room for improvements and modern luminescent
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materials should, preferably exhibit one or more of the following

properties:

— exhibit high colour rendering indices (CRI),

- exhibit a broad emission band in the range of the VIS-light, especially in
the red range of the spectra,

- are effectively excitable by an blue light or near UV emitting primary
light source ,

- exhibit broad excitation bands,

- exhibit high quantum yields,

- exhibit high phase purities,

- exhibit high efficiency over a prolonged period of use,

= have high chemical stability, preferably against humidity or moisture,

— exhibit higher thermal quenching resistivity, and

— are obtainable by method of production, which should be cost efficient

and especially suitable for a mass production process.

In view of the cited prior art and the above-mentioned requirements on
modern luminescent materials, there is still a considerable demand for
alternative materials, which preferably do not exhibit the drawbacks of
available phosphors of prior art or even if do so, to a less extent.

Disclosure of Invention

Surprisingly, the inventors have found that Eu®*-activated phosphors of the
present invention represent excellent alternatives to already known
phosphors of the prior art, and preferably improve one or more of the
above-mentioned requirements in view of the prior art, or more preferably,

fulfil all above-mentioned requirements at the same time.

Besides other beneficial properties, the phosphors according to the
present invention exhibit upon excitation by blue or near UV radiation a

broad emission peak in the range of VIS-light, preferably in the range from
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ranging from approximately 500 nm to approximately 800 nm. Moreover,
they exhibit a low thermal quenching resistivity, have high chemical
stability, and have high colour rendering properties, while being utilized in
an LED.

Thus, the present invention relates to a compound of formula |,

wherein
Mm" denotes one or more bivalent elements selected from the
group of Be, Mg, Ca, Sr, Ba, and Zn

M"  denotes one or more trivalent elements selected from the
group of B, Al, Ga, In, Tl, Sc, Y, La, Ce, Gd, and Lu, and

MY denotes one or more pentavalent elements selected from the
Group of V, Nb, Ta, As, Sb, and Bi.

The invention further relates to a method for the production of the
compounds according to the present invention, the use of a compound
according to the present invention as a conversion phosphor converting all
or some parts of a blue or near UV radiation into longer wavelength,
mixtures comprising at least one compound according to the present
invention; the use of a compound according to the present invention or a
mixture comprising a compound according to the present invention in
electronic and/or electro optical devices, such as light emitting diodes
(LEDs) and solar cells, and especially to illumination units comprising the

compounds according to the present invention.
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Brief Description of Drawings

Fig. 1 shows a XRD pattern (measured by the wavelength Cukg) of
Sr,InTaOs . Eu®".

Fig. 2 shows an emission spectrum of Srz2InTaOg . Eu?®* upon excitation

with radiation at a wavelength of 450nm.

Fig. 3 shows an excitation spectrum of Sr2InTaOs . Eu®* for emission

wavelength of 575nm.

Fig. 4 shows an emission spectrum of BazInTaOg. Eu®* upon excitation

with radiation at a wavelength of 450nm.

Fig. 5 shows an excitation spectrum of BazInTaOe Eu®* for emission

wavelength of 560nm.

Fig. 6 shows an emission spectrum of CazInTaOs: Eu®" upon excitation

with radiation at a wavelength of 450nm.

Fig. 7 shows an excitation spectrum of Ca,InTaOs . Eu® for emission
wavelength of 595nm.

Fig. 8 shows an example LED spectrum of Sr2InTaOs . Eu® in a blue LED

emitting primary light at 450 nm.

Detailed Description of the Invention

In a preferred embodiment of the present invention, the compounds of

formula | are selected from the compounds of formula la,

M" 2oM"MY06:EU*, la
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wherein

M" M" and MY have the same meanings as given above in formula I,
and ‘
O<x=s2.

In preferred embodiment, M"

is selected from one or more, preferably
from two or more, trivalent elements selected from the group of B, Al, Ga,
In, TI, Sc, Y, La, Ce, Gd, and Lu. |

Preferably, the compounds of formula | are selected from the group of

compounds of formula la-1,

M" 2.0 (M a0y M%) MYOg:Eu?*y la-1

wherein

x, M" and MY have the same meanings as given above in formula la,
M' and M? denote each and independently from another one

element selected from B, Al, Ga, In, Tl, Sc, Y, La, Ce,
Gd, or Lu, whereby M'#M?

0<as<1,0<b<1, and
a+b=1,

Further preferred compounds are selected from the group of compounds

of formula la-l wherein M' denotes In, such as, for example,

Be-x)(IN(a-6)B b) VOe: EUZ*X; Be-x)(In@-nAlp) VOe: EU2+X;
Bex)(IN@nGap) VOs: Eu®'y; Bepx)(IN@nTl) VOs: Eu'y;
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Be(z.x)(ln(a-b)Scb) VOGI EU2+X', Be<2_x)(ln(a-b)Yb) VOsI EU2+X;
Be(z.x)(ln(a-b)Lab) VO(—;Z EU2+X; Be(z_x)(ln(a-b)Ceb) VOsI EU2+X;
Be(z.x)(ln(a-b)Gdb) VOsZ EU2+X; Be(z.x)(ln(a-b)Lub) Vosi EU2+X;

Bex)(IN@b)B b) NbOs: Eu’x; Bepx)(IN@nAls) NbOs: Eu?*y;
Be-x)(In@-5Gap) NbOs: Eu*'y; Be.xy(In@.n Tls) NbOg: Eu?*y;
Bewx)(In@5Sch) NbOg: Eu?'y; Bex(In@n)Ys) NbOg: Eu?'y;
Be@x)(In@bLas) NbOs: Eu?'y; Be@.x)(IN@sCen) NbOg: Eu?'y;
Bew-x)(In@tGds) NbOs: Eu'y; Beg.xy(IN@.pyLup) NbOs: Eu®y;

Bewx)(In@nB b) TaOs: Eu*y; Bepxy(INasnyAly) TaOs: Eu'y;
Bex)(In@t)Gav) TaOs: Eu®’y; Bex(In@n Tly) TaOs: Eu'y;
Bex)(In@nScs) TaOg: Eu’y; Bepx)(IN@b)Ys) TaOg: Eu®y;
Bex)(IN@bLab) TaOg: Eu**y; Bepx(In@anCes) TaOg: Eu®y;
Bex)(In@b)Gdy) TaOs: Eu**y; Be.xy(In@.pylus) TaOg: Eu?'y;

Bewx)(In@5)B b) SbOs: Eu?'y; Beg.x)(In@.nAl) SbOs: Eu?*y;
Beex)(In@.5yGap) SbOs: Eu™*y; Bep.xy(IN@syTly) SbOs: Eu'y;
Bew-x)(In@-5yScs) SbOs: Eu?*y; Be@x)(IN@nYb) SbOs: Eu?’y;
Bepx)(In@-pylas) SbOs: Eu?'y; Bepxy(InasCen) SbOs: Eu??y;
Bep-x)(In@t)Gdp) SbOs: Eu®*y; Bepx(IN@bLus) SbOg: Eu?'y;

Bex)(In@-6)B b) BiOs: EU*y; Be.x(In@nAlp) BiOs: Eu?'y;
Be-x)(IN@bGap) BiOs: Eu?'y; Be.x)(IN@pyTh) BiOs: Eu®'y;
Be-x)(IN@-5)Scb) BiOs: EU?'y; Beg.x)(IN@.nYb) BiOs: Eu??y;
Bep-x)(In@.pyLas) BiOs: Eu*y; Bepx)(INapCen) BiOs: Eu'y;
Bex)(IN@bGds) BiOs: Eu?'y; Be.x)(IN@anLup) BiOs: Eu?'y;

Mge-x)(In@s)B b) VOs: EU**y; Mg(2.x)(In@.pyAls) VOs: Eu®y;
Mg2-x)(IN@-bGab) VOg: EU?*x; Mgx)(INaby Tl) VOs: Eu*y;
Mgx)(In@5)Sch) VOs: Eu*’y; Mgex(In(a.tyYs) VOs: EUy;
Mg-x)(IN@byLas) VOg: Eu*s; Mg.xy(IN@anCev) VOs: Eu?'y;

PCT/EP2014/002973
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Mg-x)(IN@1yGdb) VOs: EU?'x; Mgz x)(IN@abyLup) VOs: Eu?*y;

Mgz.x)(In@)B b) NbOs: Eu?'y; Mgz.x(InatyAl) NbOg: Eu?*y;
Mg-x)(INabGan) NbOg: Eu**; Mg(a.x)(Ina.tyTh) NbOg: Eu®'y;
Mg2-x)(InaScy) NbOg: Eu?*y; Mg2-x)(IN@a-b)Yb) NbOg: Eu®*y;
Mge-x)(In@byLas) NbOg: Eu?*y; Mgz xy(In@sCen) NbOs: Eu?y;
Mg-x)(Ina.yGdb) NbOg: Eu?*s; Mga.x)(INayLus) NbOs: Eu?'y;

Mge-x)(In@t)B b) TaOs: EU**y; Mgax(IN@anAl) TaOs: Eu?'y;
Mge-x)(In@a.nyGay) TaOs: Eu®’y; Mg2.x)(In@an Tly) TaOg: Eu?’y;
Mg-x)(IN@5Sch) TaOs: Eu?*y; Mgzx(IN@anyYs) TaOs: Eu?'y;
Mgex)(In@sLas) TaOs: Eu?*y; Mge.xy(In@anCep) TaOgs: Eu?'y;
Mgx)(IN@5Gdb) TaOs: Eu?*y; Mgpxy(In@.pmlLun) TaOg: Eu'y;

Mg (IN@n)B b) SbOs: Eu?'x; Mgzxy(INapyAl) SbOg: Eu'y;
Mg2-x)(INa6Gap) SbOs: Eu*y; Mgax)(IN@asyTly) SbOs: Eu?'y;
Mg2x)(IN@-6yScb) SbOs: EU**y; Mgpxy(Ina.n)Ys) SbOs: Eu?'y;
Mg-x)(In@pLas) SbOs: Eu*y; Mg.x)(In@apCes) SbOs: Eu?'y;
Mg-x)(In@.5Gds) SbOs: EU?*y; Mg(ax)(IN(anyLup) SbOg: Eu?*y;

Mg2x)(In@b)B b) BiOs: EU*'x; Mg2.x)(InanAls) BiOgs: Eu?'y;
Mgz.x)(IN(a-yGab) BiOs: Eu?*y; Mg(2-x)(In@at) Tly) BiOs: EU™'y;
Mg-x)(IN@6ySch) BiOs: Eu™"y; Mg.x)(INa.nyYp) BiOs: Eu'y;
Mg-x)(In@sLas) BiOs: Eu*'y; Mgex)(In@snCep) BiOs: Eu?'y;
Mg2-x)(IN@5Gdb) BiOs: EU*x; Mg2.x)(IN@anyLup) BiOs: Eu®y;

Capx(IN@nB b) VOs: Eu*'y; Capx)(In@nAl) VOs: Eu®'y;
Cagx)(Ine-5Gas) VOs: Eu?'y; Cag.xy(In@an Tls) VOs: Eu?'y;
Cagx)(IN@bScs) VOs: Eu*y; Capx)(IN@sYs) VOs: Eu'y;
Capxy(In@plas) VOs: Eu**,; Cagxy(Ina.nCes) VOs: Eu®y;
Cae-xy(In@pGds) VOs: Eu?*y; Cag.xy(In@anLup) VOs: Eu?'y;



10

15

20

25

30

35

WO 2015/082032

-0-

Capx)(In@6)B b) NbOg: Eu?*y; Capxy(IN@syAl) NbOg: Eu®'y;
Cagxy(In@.nGas) NbOs: Eu?'y; Cagz.x)(In@an) Th) NbOgs: Eu?',;
Caex(In@5Scs) NbOg: Eu'y; Capx)(IN@s)Ys) NbOg: Eu?'y;
Capx(In@nlas) NbOs: Eu™'y; Cagxy(InenCen) NbOs: Eu'y;
Capx)(INEsGds) NbOs: Eu'y; Cag.x)(IN@.nLuy) NbOg: Eu®'y;

Caex)(In@.nB b) TaOg: EU?'y; Capx)(In@mnAl) TaOs: Eu?'y;
Capx)(In@nGap) TaOs: Eu?'y; Capx(INap Th) TaOs: Euy;
Cagx)(In@nSc) TaOg: EU?y; Capx)(IN@sYs) TaOs: Eu'y;
Capx(IN@slay) TaOs: Eu?'y; Capx(InEmCes) TaOs: Eu?'y;
Capx)(IN@sGds) TaOs: Eu®'y; Cag.xy(In@slup) TaOg: Eu®'y;

Capx)(INEsB b) SbOs: EU?y; Cag.x)(IN@pyAlb) SbOs: Eu'y;
Capxy(In@.nGas) SbOs: Eu?*x; Cag.x)(In@nTlh) SbOs: Eu'y;
Capx)(In@anScs) SbOs: Eu?'y; Capx)(IN@bYs) SbOs: Eu'y;
Caex)(In@blLab) SbOs: Eu®*y; Cap.xy(In@amCen) SbOs: Eu?'y;
Cag.x)(In@6Gds) SbOs: Eu?'x; Capxy(IN@plus) SbOs: Eu®'y;

Ca(z.x)(ln(a-b)B b) BiOsI EU2+X; Ca(z.x)(ln(a-b)A|b) BiOsI EU2+X;
Ca(z.x)(ln(a-b)Gab) BiOsI EU2+X; Ca(z.x)(ln(a-b)le) BiOsI EU2+X;
Ca(g.x)(ln(a-b)Scb) BiOsZ EU2+X; Ca(z.x)(ln(a-b)Yb) BiOeZ Eu2+x;
Ca(z_x)(ln(a-b)Lab) BiOeZ ELI2+X; Ca(z.x)(ln(a-b)Ceb) Biosi EU2+X;
Ca(z.x)(ln(a_b)Gdb) BiOsZ EU2+X; Ca(z.x)(ln(a_b)LUb) Biosi EU2+X;

Sr(z.x)(m(a-b)B b) VOGI Eu2+x; Sr(z_x)(ln(a-b)Alb) VOsZ EU2+X;
Sr, (2.x)(ln(a-b)Gab) VOGZ EU2+X; Sr(z_x)(m(a-b)le) Vosi EU2+X;
Sr(z.x)(ln(a_b)Scb) VOsI EU2+X; Sl”(z.x)(m(a-b)Yb) VOGI EU2+X;
Sr(z.x)(ln(a-b)Lab) VOGI EU2+X; Sr(z_x)(ln(a-b)Ceb) VOsZ EU2+X;
Sr(z.x)(m(a-b)Gdb) VOsI EU2+X; Sr(z.x)(ln(a-b)Lub) VOeZ EU2+X;

Srex)(IN@5)B b) NbOs: Eu*y; Srz.x(InanyAly) NbOs: Eu’y;

PCT/EP2014/002973
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Srex)(In@.pGap) NbOs: Eu®*y; Sriax)(INapyThh) NbOgs: Eu?y;
Sre-x)(IN@5Scb) NbOs: Eu*y; Sriaxy(INasyYs) NbOg: Eu?'y;

Srex(IN@plays) NbOs: Euy; Srzx)(In@s)Cev) NbOs: Eu®'s;
Srex)(IN@.£)Gdb) NbOg: Eu*'y; Srax(Inga.mblup) NbOs: Eu?'y;

Srex)(IN@n)B b) TaOs: EU**y; Stax)(In@mAlp) TaOs: Eu?'y;
Srex)(IN@bGas) TaOg: EU?y; Srax(In@pTh) TaOs: Eu®'y;
Srex)(IN@byScs) TaOs: EU*y; Stax)(In@syYs) TaOs: Eu?'y;
Srex)(IN@byLap) TaOs: EU?'y; Srax(InapCes) TaOs: Eu®y;
Srex)(In@E.nGds) TaOs: EU'y; Srixy(In@plup) TaOg: Eu®'y;

Srzx)(In@nB b) SbOs: Eu'y; Srax(IN@nyAls) SbOs: Eu'y;
Srex)(IN@bGab) SbOs: Eu?'y; Sri.xy(In@.p Tlh) SbOs: Eu®'y;
Srx)(IN@byScy) SbOg: EU?y; Sraxy(INan)Ys) SbOs: Eu*y;
Srex)(IN@nLap) SbOs: Eu'y; Sraxy(In@nCen) SbOs: Eu?'y;
Srex)(IN@bGdp) SbOs: Eu?'y; Srexy(IN@syLus) SbOg: Eu®'y;

Srex)(IN@b)B b) BiOs: EU**y; Srax)(INnAly) BiOs: Eu®'y;
Srx)(IN@bGab) BiOs: EU?*y; Srix(In@n Th) BiOs: Eu?'y;
Sra-x)(IN@bySch) BiOs: EU**y; Srax(IN@bYs) BiOs: Eu®'y;
Srex(IN@play) BiOs: Eu?y; Srx)(IN@nCep) BiOs: Eu®'y;
Srex)(IN@pGdy) BiOs: Eu?'y; Srex)(In@a-p)Lup) BiOs: Eu®'y;

Ba(z.x)(m(a-b)B b) VOsI Eu2+x; Ba(z.x)(ln(a-b)Alb) VOeI EU2+X;
Baex)(In@nGas) VOs: Eu’y; Bag.x(In@.nTls) VOs: Eu®'y;
Ba(z_x)(ln(a-b)Scb) VOGZ Eu2+x; Ba(z-x)(ln(a-b)Yb) VOSI Eu2+x;
Ba(z.x)(ln(a-b)Lab) VOsI EU2+X; Ba(z.x)(ln(a-b)Ceb) Vosi EU2+X;
Bawx)(In@nGdy) VOs: Eu®'y; Bag.xy(In@plLup) VOs: Eu?'y;

Ba(z.x)(ln(a-b)B b) NbOeZ EU2+X; Ba(z_x)(ln(a-b)Ah,) NbOeZ EU2+X;
Bae-x)(In@bGas) NbOs: Eu*y; Bap.x)(INan Th) NbOs: Eu®'y;
Ba(z.x)(ln(a-b)Scb) NbOeZ Eu2+x; Ba(z-x)(ln(a_b)Yb) NbOsZ EU2+X;

PCT/EP2014/002973
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Ba(z-x)(ln(a-b)Lab) NbOeZ EU2+X; Ba(z_x;(ln(a_b)Ceb) NbOsI EU2+X;
Bap.x)(IN@5Gdb) NbOg: Eu?*y; Ba.x)(IN@a.n)Lup) NbOs: Eu’y;

Baex)(In@nB b) TaOs: EU™*y; Bapx)(INEmnAls) TaOs: Eu?’y;
Baex)(In@anGas) TaOs: Eu*y; Bag.xy(In@an Th) TaOs: Eu®y;
Bapx)(In@anScs) TaOs: Eu?'y; Bapx)(IN@sYs) TaOs: Eu?’y;
Bapxy(In@nLab) TaOgs: Eu?y; Bag.xy(In@anCes) TaOs: Eu?’y;
Bapx(In@apGdy) TaOs: Eu?'y; Bag.xy(In@pLus) TaOs: Eu®'y;

Bae-x)(IN@s)B b) SbOs: Eu*y; Bag.xy(In@mAls) SbOs: Eu?’y;
Bae-xy(IN@5yGap) Sb0s: Eu?*y; Bap.x)(IN@nyTls) SbOs: Eu?'y;
Bae-x)(IN@sySch) SbOs: Eu?'y; Bap.x)(IN@b)Ys) SbOs: Eu?'y;
Bag.x)(In@s)Las) SbOs: Eu?*y; Bag.xy(In@sCen) SbOs: Eu'y;
Bae-x)(IN@bGds) SbOg: Eu*'y; Bapx)(IN@nLus) SbOg: Eu®y;

Bawx)(In@anB b) BiOs: EU?'y; Bag.xy(In@anAl) BiOs: Eu?'y;
Baex(In@anGas) BiOs: Eu™*y; Bap.xy(IN@sTh) BiOs: Eu®'y;
Ba.x)(IN@tScs) BiOs: Eu*'x; Bapx(In@bYs) BiOs: Eu®y;
Ba x)(In@Las) BiOs: Eu?’y; Bagxy(In@nCen) BiOs: Eu'y;
Ba-x)(In@nGdy) BiOs: Eu*y; Bap.x)(IN@s)lus) BiOs: Eu?'y;

Zn(z_x)(ln(a_b)B b) VOsZ EU2+X; Zn(z.x)(ln(a-b)A|b) VOeI‘EU2+x;
Zn(z_x)(ln(a-b)Gab) VOeZ EU2+X; Zn(z.x)(ln(a-b)le) VOeZ EU2+X;
Zn(z.x)(ln(a-b)Scb) VOsZ EU2+X; Zn(z-x)(ln(a-b)Yb) VOeZ EU2+X;
Zn(z_x)(ln(a-b)Lab) VOsI EU2+X; Zn(z_x)(ln(a-b)Ceb) VOeZ EU2+X;
Zn(z_x)(|n(a-b)Gdb) VOGZ EU2+X; Zn(g.x>(ln(a-b)Lub) VOsZ Eu2+x;

Zn(z_x)(ln(a-b)B b) NbOsZ EU2+X; Zn(z-x)(|n(a-b)A|b) Nbosi Eu2+x;
Zn(z_x>(ln(a-b)Gab) NbOsI EU2+X; Zn(z.x)(ln(a-b)le) NbOeI EU2+X;
Zn(z.x)(ln(a-b)SCb) NbOs: EU2+X; Zn(z.x)(ln(a-b)Yb) NbOs: EU2+X;
Zn(z_x)(ln(a-b)Lab) NbOeZ EU2+X; Zn(z.x)(ln(a-b)Ceb) Nbosi EU2+X;
Zn(z_x)(ln(a-b)Gdb) Nbosi EU2+X; Zn(g_x)(ln(a-b)Lub) Nbosi EU2+X;

PCT/EP2014/002973
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Znex)(IN@nB b) TaOs: EU?y; Znexy(IN@nAly) TaOs: Eu'y;
Zn2.x(IN@bGav) TaOs: EU**y; Zne.xy(IN@ab Thh) TaOgs: Eu?'y;
Zn2.xy(IN@bySes) TaOs: EU?y; Znea.xy(In@s)Ys) TaOs: Eu®y;
Znex)(IN@nLas) TaOs: Eu'y; Znex(In@nCen) TaOs: Eu®y;
Zn2.x)(IN@sGdp) TaOs: EU**y; Zne.xy(IN@vLus) TaOs: Eu®'y;

Zn2x)(IN@nB b) SbOs: EU?'x; Zn(2.x)(INanAlb) SbOs: EU™'y;
Zn2.x(INa0yGap) SbOg: Eu?'y; Zn2.x)(INa.tyTly) SbOg: Eu®'y;
Zn2.x(IN@6ySCcs) SbOs: EU*"y; ZNax)(IN(at)Yb) SbOs: EU’;
Znzx(IN@sLab) SbOs: Eu?'y; Znzxy(In@.nCen) SbOg: Eu?'y;
Zn2x(IN@5yGdb) SbOs: EU?y; Znz.xy(IN@.mlLus) SbOs: Eu?'y;

Znex)(In@sB b) BiOs: EU?y; Zn@2.xy(In@.myAls) BiOs: Eu®'y;
Znex)(IN@5Gap) BiOs: EU*’x; Zn.x)(INab)Tl) BiOs: Eu®y;
Zn2x)(IN@wSch) BiOs: EU'y; Zn2.x(IN@s)Ys) BiOs: EU*'y;
Znxy(IN@syLap) BiOs: Eu?'y; Znex)(In@nCen) BiOs: Eu®'y;
Zn2x(IN@5Gdb) BiOs: Eu?*x of Zn(z2.x(IN@.pyLus) BiOs: Eu®'y.

More preferably, the compounds according to the present invention are
selected from the group of compounds of formulae la-1 wherein b is 0.

Preferably they are selected the group of compounds of formulae la-1,
wherein M' denotes In wherein b is 0 and M’ denotes In.

Especially preferred compounds are selected from the group of
compounds of formulae |, la, or la-1, preferably wherein M" denotes In,
and wherein M" denotes at least one bivalent element selected from Be,
Mg, Ca, Sr, Ba and/or Zn, preferably selected from Sr, Ca, and/or Ba,
even more preferably M" denotes Sr.
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Particularly, the preferred compounds are selected from the group of
compounds of formulae |, Ia, or la-1, preferably wherein M" denotes In,
and wherein M' denotes at least one pentavalent element selected from V,
Nb, Ta, As, Sb, and/or Bi, more preferably selected from Ta, V, Nb, and/or
Sb, even more preferably selected from Nb and/or Ta.

More particularly, the preferred compounds are selected from the following

subformulae,

Be2InVOs:Eu?*y, Mg(29InVOs:Eu?" , Cagx)InVOs:EU*" 4,
SreINVOs:EU? , BapInVOgs:Eu?* , BepxyInNbOg:Eu®*
Mg2-INNbOg:EU?" y, Cap.xy INNDOs:EU?" &, Sr2.9INNbOg:EU*" 4,
Ba2InNbOs:EU?* ,, BepxInTaOs:Eu?* s, Mg(2xInTaOg:Eu**
CapyInTaOs:EU? , Srp.InTaOs:EU?* , Bag.y) InNTaOs:Eu*,
Be(.x INSbOs:EU?" ,, Mg(2.INSbOs:EU** 5, Cap.xInSbOs:Eu?"
STINSbOs:EU?" y, Bap.xInSbOs:EU*" , Be2InBiOs:Eu>
Mg2-INBiOs:EU?* ,, CaInBiOs:EU®" , Sr2.xInBiOs:EU* 4, or
BapxInBiOs:Eu®* .

Most preferred compounds are selected from the group of compounds of
formulae la and la-1 wherein 0 < x < 0.3, preferably 0.03 < x < 0.2, more
preferably 0.05 < x < 0.1.

Preferably, the compounds according to the present invention are typically
excited by artificial or natural radiation sources exciting radiation having a

wavelength ranging from approximately 300 nm to approximately 525 nm.

Preferably, the compounds according to the present invention typically
emit radiation having a wavelength ranging from approximately 475 nm to

approximately 725 nm.
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The compounds according to present invention are especially suitable to
convert all or at least some parts of the radiation having a wavelength
ranging from approximately 300 nm to approximately 500 nm, preferably
of the radiation having a wavelength ranging from approximately 400 nm
to approximateiy 500 nm, into radiation having a longer wavelength,
preferably into radiation having a wavelength ranging from approximétely
500 nm to approximately 800 nm, more preferably into radiation having a
wavelength ranging from approximately 500 nm to approximately 700 nm.

In the context of the present application the term “UV radiation” has the
meaning of electromagnetic radiation having a wavelength ranging from
approximately 100 nm to approximately 400 nm, unless explicitly stated

otherwise.

Additionally, the term “near UV radiation”, has the meaning of
electromagnetic radiation in the range of UV radiation having a wavelength
ranging from approximately 300 nm to approximately 400 nm, unless

explicitly stated otherwise.

Moreover, the term “VIS light or VIS-light region” has the meaning of
electromagnetic radiation having a wavelength ranging from approximately

400 nm to approximately 800 nm unless explicitly stated otherwise.

The term “blue radiation” refers to a wavelength between 400 nm and 500

nm.

Thus, the present invention relates also to the use of compounds of
formulae |, la, and la-1as conversion phosphors, or short “phosphors”.

In the context of the present application, the term “conversion phosphor”
and the term “phosphor” are used in the same manner.
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Suitable artificial “radiation sources” or “light sources” are commonly

known to the expert and will be explained in more detail below.

In the context of the present application, the term “natural radiation

sources” means solar irradiation or sunlight.

It is preferred that the emissions spectra of the radiation sources and the
absorption spectra of the compounds according to the present invention
overlap more than 10 area percent, preferable more than 30 area percent,
more preferable more than 60 area percent, and most preferable more

than 90 area percent.

The term “absorption” means the absorbance of a material, which
corresponds to the logarithmic ratio of the radiation falling upon a material,
to the radiation transmitted through a material.

The term “emission” means the emission of electromagnetic waves by

electron transitions in atoms and molecules.

Preferably, the phosphors according to the present invention exhibit at
least one emission peak in the VIS light region, while being excited by light
having a wavelength ranging from approximately 300 nm to approximately
500 nm. Preferably, the main emission peak has its emission maximum
between about 500 nm and about 700 nm, more preferably between
about 525 nm and about 650 nm.

By varying the composition of the compounds of formulae |, la, and la-1,
especially regarding the parameter M", it is possible to specifically vary the
emission properties. For example, gradual substitution of Sr by Ba leads
to an emission having a shorter wavelength, while gradual substitution of

Sr by Ca leads to an emission having a longer wavelength.
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The compounds according to the present invention preferably exhibit at
least one emission peak in the VIS light region, having a FWHM of at least
50 nm or more, preferably 75 nm or more, more preferably 100 nm or

more, and most preferably of at least 125 nm or more.

The full width at half maximum (FWHM) is a parameter commonly used to
describe the width of a "peak” on a curve or function. It is given by the
distance between points on the curve at which the function reaches half its

maximum value.

As known to the skilled person, the quantum efficiency of a phosphor
decreases as the phosphor size decreases. Preferably, the phosphor
exhibits quantum efficiency of at least 80% and more preferably of at least
90%.

The particle size of suitable phosphors particles typically ranges from
approximately 50 nm to approximately 100 ym, more preferably from
approximately 50 nm to approximately 50 um, and even more preferably
from approximately 50 nm to approximately 25 pm. |
The particle size can be unambiguously and quantitatively defined by its
diameter. It can be determined by methods known to the skilled artisan
such as, for example, dynamic light scattering or static light scattering |

Working temperatures in LED applications are typically about 150°C.
Preferably, the compounds according to the present invention exhibit high
thermal quenching resistivity up to about 100°C or more, more preferably
up to about 150°C or more, and even more preferably up to about 200°C

or more.

The term “thermal quenching resistivity” means an emission intensity
decrease at higher temperature compared to an original intensity at 25 °C.
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The compounds of formulae |, Ia, and la-1, of the present invention, are
further characterized by their high chemical stability. Thus, the compounds

of formulae |, la, and la-1, are resistant to oxidation and hydrolysis.

The starting materials for the preparation of the compounds according to
the present invention are commercially available and suitable processes
for the preparation of the compounds according to the present invention
can be summarized in two general process classes:

- first, a solid-state diffusion process, and

- secondly, a wet-chemical process.

In the context of the present application, the term “solid state diffusion
process” refers to any mixing and firing method or solid-phase method,
comprising the steps

a) mixing at least one salt containing Eu, one or more salts comprising at
least one element selected from of Be, Mg, Ca, Sr, Ba, and Zn, one or
more salts comprising at least one element selected from B, Al, Ga, In, TI,
Sc, Y, La, Ce, Gd, and Lu, one or more salts comprising at least one
element selected from V, Nb, Ta, As, Sb, and Bi, at a predetermined molar
ratio,

b) optionally grinding the mixture,

c) performing a primary heat treatment on the mixture in a temperature
range of 800 to 1300°C under an oxidative afmosphere; and.

d) performing a secondary heat treatment on the mixture in a temperature
range of 1200 to 1700°C under a reductive atmosphere.

Generally, suitable salts of the elements M", M", M" and europium are
preferably selected from corresponding oxides, halides, hydrogensulfates
or carbonates, more preferably carbonates, oxides or halides, in particular
chlorides.
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Above and below, the term “reductive atmosphere” means an atmosphere
having reductive properties, preferably an atmosphere of carbon monoxide,
forming gas or hydrogen or at least vacuum or an oxygen-deficient
atmosphere, preferably in a stream of argon, hydrogen, nitrogen or any
mixtures thereof.

Above and below, the term “oxidative atmosphere” has the meaning of an
atmosphere having oxidizing properties, preferably atmosphere of air or

oxygen.

In the context of the present application, the term “wet-chemical process”
preferably comprises the following steps:

a) mixing at least one salt containing Eu, one or more salts comprising at
least one element selected from of Be, Mg, Ca, Sr, Ba, and Zn, one or
more salts comprising at least one element selected from B, Al, Ga, In, Tl,
Sc, Y, La, Ce, Gd, and Lu, one or more salts comprising at least one
element selected from V, Nb, Ta, As, Sb, and Bi, at a predetermined molar
ratio in a suitable solvent;

b) adding a precipitation agent;

c) performing a primary heat treatment on the mixture in a temperature
range of 800 to 1300°C under an oxidative atmosphere; and

d) performing a secondary heat treatment on the mixture in a temperature

range of 1200 to 1700°C under a reductive atmosphere.

Step a) of the “wet-chemical process” is preferably performed in a micro
reactor, a small confined area of a flow channel with an internal diameter
ranging from 1 mm to 10 mm width, wherein two or more solutions are
mixed through said flow éhannel. In the micro reactor, chemical reactions
of the mixed solutions take place in a confinement with typical lateral

dimensions below a few millimeters.
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For the preparation of the mixture in step a) of the “wet-chemical process”,
it is possible to prepare a mixture of some or all of the salts or components
as powders and adding the solvent or to prepare the mixture stepwise

directly in a solvent. However, the above-mentioned salts can be added to

the mixture at any time before the precipitation step (before step b).

The term “solvent” is taken to mean a solvent that does not necessarily
dissolve the salts. Water and alcohols, such as methanol, ethanol, etc. are

preferred solvents in accordance with the present invention.

Also here, suitable salts of the elements M", M", M" and europium are
preferably selected from corresponding oxides, halogenides,
hydrogensulfates or carbonates, more preferably carbonates, oxides or

halogenides, in particular chlorides.

Preferred precipitation agents in step b) of the “wet-chemical process” are
selected from sodium hydrogen carbonate, ammonium chloride, or
ammonium hydrogen carbonate, more preferably the precipitation agent is

ammonium chloride.

In a preferred embodiment of the invention, the precipitation agents are
added in suitable solvents and preferably mixed with the solvents at
temperatures above the melting point of the corresponding solvent and
below the boiling point of the solvent. More preferably in a temperature
range up to about 70°C, even more preferably up to about 60°C, and
preferably for at least 1 h or more, more preferably for at least 2 hours or

more.

In a preferred embodiment of the present invention, a pre-heat treatment
step can optionally be performed after performing step b) of the “wet-
chemical process” and before performing step c), in order to evaporate the

solvent from the mixture of step b). As commonly known by the expert,
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suitable temperature conditions depends mainly on the used solvent.
However, preferred temperature conditions range up to 100°C, more
preferably up to 90°C and even more preferably up to 80°C.

A suitable evaporation atmosphere is not particularly limited to any
particular conditions regarding pressure or atmosphere. However,
preferably, the evaporation of the solvent is performed under an air
atmosphere but also applying reduced pressure conditions is applicable in

the sense of the present application.

In both described processes and especially with respect to step c), an
annealing oven, as known to the expert, is preferably driven under an
oxidative atmosphere. In a further preferred embodiment of the invention,

a commonly known oxidation furnace is used in the step c).

In both described processes and especially with respect to step d), an
annealing oven, as known to the expert, is preferably driven under a
reductive atmosphere. In a further preferred embodiment of the invention,

a commonly known reducing furnace is used in the step d).

In both described processes, the final product can optionally be grounded

and/or sieved.

In a further preferred embodiment, the phosphors in particle form have a
continuous surface coating consisting of SiO,, TiO2, AlLO3, ZnO, ZrO;
and/or Y,03 or mixed oxides thereof. This surface coating has the advan-
tage that, through a suitable grading of the refractive indices of the coating
materials, the refractive index can be matched to the environment. In this
case, the scattering of light at the surface of the phosphor is reduced and
a greater proportion of the light can penetrate into the phosphor and be

absorbed and converted therein. In addition, the refractive index-matched
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surface coating enables more light to be coupled out of the phosphor
since total internal reflection is reduced.

In addition, a continuous layer is advantageous if the phosphor has to be
encapsulated. This may be necessary in order to counter sensitivity of the
phosphor or parts thereof to diffusing water or other materials in the imme-
diate environment. A further reason for encapsulation with a closed shell is
thermal decoupling of the actual phosphor from the heat generated in the
chip. This heat results in a reduction in the fluorescence light yield of the
phosphor and may also influence the colour of the fluorescence light.
Finally, a coating of this type enables the efficiency of the phosphor to be
increased by preventing lattice vibrations arising in the phosphor from

propagating to the environment.

In addition, it is preferred for the phosphors to have a porous surface coat-
ing consisting of SiO,, TiO,, AlLO3, ZnO, ZrO, and/or Y203 or mixed oxides
thereof or of the phosphor compoéition. These porous coatings offer the
possibility of further reducing the refractive index of a single layer. Porous
coatings of this type can be produced by three conventional methods, as
described e.g. in WO 03/027015, which is incorporated in its full scope
into the context of the present application by way of reference: the etching
of glass (for example soda-lime glasses (see US 4019884)), the
application of a porous layer, and the combination of a porous layer and

an etching operation.

In a further preferred embodiment, the phosphor particles have a surface
which carries functional groups which facilitate chemical bonding to the
environment, preferably consisting of epoxy or silicone resin. These func-
tional groups can be, for example, esters or other derivatives which are
bonded via oxo groups and are able to form links to constituents of the
binders based on epoxides and/or silicones. Surfaces of this type have the

advantage that homogeneous incorporation of the phosphors into the
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binder is facilitated. Furthermore, the rheological properties of the phos-
phor/binder system and also the pot lives can thereby be adjusted to a
certain extent. Processing of the mixtures is thus simplified.

- Since the phosphor layer according to the invention applied to the LED

chip preferably consists of a mixture of silicone and homogeneous phos-
phor particles which is applied by bulk casting, and the silicone has a sur-
face tension, this phosphor layer is not uniform at a microscopic level or
the thickness of the layer is not constant throughout. This is generally also
the case if the phosphor is not applied by the bulk-casting process, but
instead in the so-called chip-level conversion process, in which a highly
concentrated, thin phosphor layer is applied directly to the surface of the
chip with the aid of electrostatic methods.

With the aid of the above-mentioned process, it is possible to produce any
desired outer shapes of the phosphor particles, such as spherical particles,

flakes and structured materials and ceramics.

The preparation of flake-form phosphors as a further preferred
embodiment is carried out by conventional processes from the
corresponding metal salts and/or rare-earth salts. The preparation process
is described in detail in EP 763573 and DE 102006054331, which are
incorporated in their full scope into the context of the present application
by way of reference. These flake-form phosphors can be prepared by
coating a natural or synthetically prepared, highly stable support or a
substrate comprising, for example, mica, SiO,, Al,O3, ZrO,, glass 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 suspension. Besides mica, ZrO,, SiO-,
Al,O3, glass or TiO; or mixtures thereof, the flakes may also consist of the
phosphor'material itself or be built up from one material. If the flake itself
merely serves as support for the phosphor coating, the latter must consist
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of a material which is transparent to the primary radiation of the LED, or
absorbs the primary radiation and transfers 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

5 pym. The diameter here is 50 nm to 20 pm.

It generally has an aspect ratio (ratio of the diameter to the particle thick-
ness) of 1: 1to 400 : 1 and in particular 3 : 1 to 100 : 1.

" The flake dimensions (length x width) are dependent on the arrangement.

Flakes are also suitable as centres of scattering within the conversion
layer, in particular if they have particularly small dimensions.

The surface of the flake-form phosphor according to the invention facing
the LED chip can be provided with a coating which has an antireflection
action with respect to the primary radiation emitted by the LED chip. This
results in a reduction in back-scattering of the primary radiation, enabling
the latter to be coupled better into the phosphor body according to the

invention.

Suitable for this purpose are, for example, coatings of matched refractive
index, which must have a following thickness d: d = [wavelength of the pri-
mary radiation of the LED chip/(4* refractive index of the phosphor cera-
mic)], see, for example, Gerthsen, Physik [Physics], Springer Verlag, 18th
Edition, 1995. This coating may also consist of photonic crystals, which
also includes structuring of the surface of the flake-form phosphor in order

to achieve certain functionalities.

The production of the phosphors according to the invention in the form of
ceramic bodies is carried out analogously to the process described in

DE 102006037730 (Merck), which is incorporated in its full scope into the
context of the present application by way of reference. In this process, the
phosphor is prepared by wet-chemical methods by mixing the correspond-
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ing starting materials and dopants, subsequently subjected to isostatic
pressing and applied directly to the surface of the chip in the form of a
homogeneous, thin and non-porous flake. There is thus no location-
dependent variation of the excitation and emission of the phosphor, which
means that the LED provided therewith emits a homogeneous light cone
of constant colour and has high light output. The ceramic phosphor bodies
can be produced on a large industrial scale, for example, as flakes in
thicknesses of a few 100 nm to about 500 um. The flake dimensions
(length x width) are 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 dimensions (from about 100 pm * 100 ym to
several mm2) with a certain oversize of about 10% to 30% of the chip
surface with é suitable chip arrangement (for example flip-chip arrange-
ment) or correspondingly. If the phosphor flake is installed over a finished
LED, the entire exiting light cone passes through the flake.

The side surfaces of the ceramic phosphor body can be coated with a light
metal or noble metal, preferably aluminium or silver. The metal coating
has the effect that light does not exit laterally from the phosphor body.
Light exiting laterally can reduce the luminous flux to be coupled out of the
LED. The metal coating of the ceramic phosphor body is carried out in a
process step after the isostatic pressing to give rods or flakes, where the
rods or flakes can optionally be cut to the requisite size before the metal
coating. To this end, the side surfaces are wetted, for example, with a
solution comprising silver nitrate and glucose and subsequently exposed
to an ammonia atmosphere at elevated temperature. A silver coating, for
example, forms on the side surfaces in the process.

Alternatively, current less metallisation processes are also suitable, see,
for example, Hollemann-Wiberg, Lehrbuch der Anorganischen Chemie
[Textbook of Inorganic Chemistry], Walter de Gruyter Verlag or Ulimanns
Enzyklopadie der chemischen Technologie [Ullmann's Encyclopaedia of
Chemical Technology]. |
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The ceramic phosphor body can, if necessary, be fixed to the baseboard
of an LED chip using a water-glass solution.

In a further embodiment, the ceramic phosphor body 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 body.
The structured surface on the phosphor body is produced by carrying out
the isostatic pressing using a compression mould having a structured
pressure plate and thus embossing a structure into the surface. Structured
surfaces are desired if the aim is to produce the thinnest possible
phosphor bodies or flakes. The pressing conditions are known to the
person skilled in the art (see J. Kriegsmann, Technische keramische
Werkstoffe [Industrial Ceramic Matérials], Chapter 4, Deutscher
Wirtschaftsdienst, 1998). It is important that the pressing temperatures
used are 2/3 to 5/6 of the melting point of the substance to be pressed.

The compounds of the present invention are of good LED quality. In the
context of this application, the LED quality is determined by commonly
known parameters, such as the color rendering index (CRI), the Correlated
Color Temperature (CCT), the lumen equivalent or absolute lumen, and

the color point in CIE x and y coordinates.

The Color Rendering Index (CRI), as known to the expert, is a unit less
photometric size, which compares the color fidelity of an artificial light
source to that of sunlight or filament light sources (the latter two have a
CRI of 100).

The Correlated Color Temperature (CCT), as known to the expert, is a
photometric variable having the unit Kelvin. The higher the number, the
greater the blue component of the light and the colder the white light of an
artificial light source appears to the viewer. The CCT follows the concept

of the black light blue lamp, which color temperature describes the so-
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called Planck's curve in the CIE diagram.

The lumen equivaient, as known to the expert, is a photometric variable
having the unit the Im / W. The lumen equivalent describes the size of the
photometric luminous flux of a light source at a specific radiometric
radiation power having the unit is watts. The higher the lumen equivalent is,
the more efficient is a light source.

The lumen, as known to the expert, is photometric variable, which
describes the luminous flux of a light source, which is a measure of the
total radiation emitted by a light source in the VIS region. The greater the
light output, the brighter the light source appears to the observer.

CIE x and CIE y are the coordinates of the CIE chromaticity diagram (here
1931 standard observer), which describes the color of a light source.

All of the above variables can be calculated from the emission spectra of
the light source by methods known to the expert.

The phosphors according to the present invention can be used as
obtained or in a mixture with other phosphors. Accordingly, the present
invention also relates to an emission-converting material comprising one

or more compounds according to the present invention.

Suitable phosphors for a mixture or an emission-cohverting material
according to the present invention are for example:

Ba,SiO4Eu?, BaSi,Os:Pb%*, Ba,Sri..F2:Eu?’, BaSrMgSi,07:Eu®*,
BaTiP.O;, (Ba,Ti),P»07:Ti, BasWOg:U, BaY.FgEr'*,Yb", Be,SiO4Mn*,
BisGe301,, CaAl0,4:Ce™, Calas07:Ce>, CaALO4Eu?*, CaAl,04:Mn?",
CaAl,07:Pb?* Mn?*, CaAl,0,4:Tb%*, CasAl,Siz042:Ce’,
Ca3AlSis0iz:Ce®, CazAlLSiz0,2:Eu®", CaBsOoBr:EU®*,
CayBs04Cl:Eu?*, Ca,Bs04Cl:Pb%*, CaB,0,:Mn?", CayB,05:Mn*",
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CaB,04:Pb%*, CaB,P,0¢:Eu?*, CasB,SiO10:Eu®’,
CapsBagsAl12010:Ce>* Mn?*, Ca,Bas(PO4)sCl:Eu?*, CaBra:Eu?’ in SiO,,
CaCl:Eu®* in SiO,, CaCl:Eu?*,Mn?* in SiO,, CaF,:Ce*,

CaF,:Ce** Mn?*, CaF,:Ce**, Tb*", CaF,:Eu®*, CaF2:Mn?*, CaF,:U,
CaGa,04:Mn?*, CaGas07:Mn?*, CaGa,S,:Ce**, CaGa,S4:Eu?”,
CaGa,Ss:Mn?*, CaGa,S4:Pb?*, CaGeO5:Mn?*, Calz:Eu®* in SiO,
Cal,:Eu®** Mn?* in SiO,, CaLaBO4:Eu®*, CaLaB3;07:Ce**,Mn?*,
Ca,La,B0s.5:Pb?*, Ca,MgSi,07, Ca;MgSi,07:Ce**, CaMgSi,Os:Eu®’,
CasMgSi,0g:Eu?*, Ca,MgSi,07:Eu®*, CaMgSi,Og:Eu**,Mn?",
Ca,MgSi,0;:Eu?*,Mn?*, CaMo04, CaMoO,:Eu®, CaO:Bi**, CaO:Cd%,
CaO:Cu*, CaO:Eu®, CaO:Eu®*, Na*, CaO:Mn**, CaO:Pb**, Ca0:Sb*",
Ca0:Sm®, CaO:Tb*, CaO:Tl, Ca0:Zn*", Ca,P,07:Ce™,
0-Ca3(PO4)2:Ce”, B-Cas(PO4)2:Ce®", Cas(PO4)sCl:EU*", Cas(PO4)sCl:Mn?*,
Cas(PO4)sCl:Sb*, Cas(P04);Cl:Sn?", B-Cas(PO4)2:Eu*" Mn%,
Cas(PO4)sF:Mn?*, Cag(PO4)sF:Sb**, Cas(PO4)sF:Sn*, a-Caz(POa)2:Eu”’,
B-Cas(PO.)2:Eu?*, Ca,P,07:Eu®*, CaP,07:Eu?* Mn?*, CaP,0s:Mn?*,
0-Cag(PO4)2:Pb?, a-Cas(PO4)2:Sn*", B-Cas(PO4)2:Sn?*, B-Ca,P207:Sn,Mn,
a-Cas(P04).:Tr, CaS:Bi**, CaS:Bi®*Na, CaS:Ce*, CaS:Eu®,
CaS:Cu*,Na*, CaS:La*, CaS:Mn%*, CaSO,:Bi, CaSO,:Ce*,

CaS0,:Ce* Mn?, CaSO,Eu®, CaSO4Eu®" Mn?*, CaSO,4:Pb**,
CaS:Pb?*, CaS:Pb%,Cl, CaS:Pb®* Mn?*, CaS:Pr**,Pb®,Cl, CaS:Sb*",
CaS:Sb** Na, CaS:Sm*, CaS:Sn?*, CaS:Sn%,F, CaS:Tb*, CaS:Tb>*,Cl,
CaS:Y**, CaS:Yb?, CaS:Yb?*,Cl, CaSiO3:Ce®, CasSiO4Cl:Eu®,
Ca3Si04Cl:Pb?*, CaSiOaEu?*, CaSiOs:Mn?*,Pb, CaSiOs:Pb*,
CaSiOs:Pb?* Mn?*, CaSiOs:Ti**, CaSra(P0O4)2:Bi**,
B-(Ca,Sn)3(PO4)2:Sn**"Mn?*, CaTip.eAlp.1O3:Bi**, CaTiOs:Eu**, CaTiOs:Pr”,
Cas(VO4)sCl, CaWO,, CaWO4:Pb**, CaWO 4 W, CasWOe:U,
CaYAIO,.Eu®, CaYBO4Bi**, CaYBO,Eu®*, CaYBy.s0s.7:Eu”",
CaY.ZrOg:Eu**, (Ca,Zn,Mg);(P0O,)2:Sn, CeF3;, (Ce,Mg)BaAl11045:Ce,
(Ce,Mg)SrAl;11045:Ce, CeMgAl11014:Ce:Th, Cd»Bs011:Mn%*, CdS:Ag”,Cr,
CdS:In, CdS:In, CdS:In,Te, CdS:Te, CdWO,, CsF, Csl, Csl:Na", Csl:Tl,



10

15

20

25

30

35

WO 2015/082032 PCT/EP2014/002973

- 28-

(ErCls)o.25(BaCly)o.7s, GaN:Zn, GdsGas012:Cr’*, GdsGasO1,:Cr,Ce,
GdNbO4:Bi**, Gd,0,S:Eu®*, Gd,0,Pr*", Gd,0,S:Pr,Ce,F, Gd20,S:Tb*",
Gd,Si0s:Ce®. KAl11047:TI*, KGa11047:Mn?*, KoLa,TizO10:Eu, KMgF3:Eu?",
KMgF3:Mn?*, K2SiFs:Mn**, LaAlB4O12:Eu®", LaAIB:Og:Eu’*, LaAlOs:Eu™,
LaAlO3:Sm**, LaAsO4:Eu®, LaBrs:Ce®, LaBO3s:Eu®,
(La,Ce,Tb)PO4:Ce:Tb, LaCls:Ce*, La,03:Bi**, LaOBr:Tb**, LaOBr:Tm*",
LaOCI:Bi**, LaOCI:Eu®*, LaOF:Eu®*, La,03:Eu®, La,03:Pr**, La,0,S:Tb*,
LaPO4:Ce®*, LaPO,4:Eu®, LaSiOsCl:Ce*, LaSiOsCl:Ce™ Tb*",
LaVO4:Eu®, La;W3012:Eu®, LIAIF;:Mn?*, LiAlsOg:Fe®, LIAIO,:Fe®,
LiAIO2:Mn?*, LiAlsOg:Mn?*, Li,CaP,07:Ce®* Mn?*, LiCeBasSisO14:Mn*",
LiCeSrBa;Sis014:Mn?*, LilnOx:Eu®", LilnO2:Sm*, LiLaO:Eu™,
LUAIO;:Ce®, (Lu,Gd),Si0s:Ce>*, Lu,SiOs:Ce®, Lu,Si,07:Ce®,
LuTaO4Nb®*, LuiYxAlO3:Ce®*, MgAlLO4:Mn%*, MgSrAlxO47:Ce,
MgB,04:Mn?*, MgBay(PO4)2:Sn?", MgBay(PO.)2:U, MgBaP,07:Eu®’,
MgBaP,07:Eu?*,Mn?*, MgBasSi,0s:Eu*, MgBa(SO.)2:Eu®",
MgsCas(PO4)s:Eu®*, MgCaP,07,:Mn?*, Mg,Ca(SO4)s:Eu?*,
Mg>Ca(SO04)s:Eu®* Mn?, MgCeAl,O1o:Tb*>*, Mga(F)GeOs:Mn?*,
Mga(F)(Ge,Sn)Oe:Mn?*, MgF2:Mn?*, MgGa,04:Mn**, MgsGe2011F2:Mn*",
MgS:Eu?*, MgSiO3:Mn?*, Mg,SiOs:Mn?*, MgsSiOsF 4 Ti**, MgSO4:Eu®,
MgS04:Pb%*, MgSrBa,Si,07:Eu®*, MgSrP,07:Eu?", MgSrs(PO4)s:Sn%",
MgSr3Si0s:Eu?* Mn?*, Mg2Sr(SO4)s:Eu®*, MgoTiO4:Mn*", MgWO,,
MgYBO4Eu®*, NasCe(PO,)2:Tb*, Nal:Tl, Na1.23Ko.42EU0.12TiSisO11:Eu™,
Nay 23Ko.42EU0.12TiSisO13-XH20:Eu>", Nay 20Ko.46Er0.08 TiSisO11:Eu”",
Na,Mg3AlSi,010:Tb, Na(Mg2Mny)LiSisO1oF2:Mn, NaYF4:Er**, Yb*,
NaYO,:Eu®*, P46(70%) + P47 (30%), SrAl12014:Ce®, Mn?*, StALO4:Eu®,
SrAl,O7:Eu®*, SrAl;,046:Eu?’, StALS4Eu?, Sr:BsOoCl:Eu?",
SrB40;:Eu®*(F,Cl,Br), SrB,O7:Pb%*, SrB,O7:Pb?*, Mn?*, SrBgO13:Sm?*,
SrBa,Cl,ALO4..2: Mn?*, Ce**, SrBaSiO4:Eu?*, Sr(Cl,Br,1)2:Eu®” in SiO,,
SrCl:Eu? in SiO2, SrsCI(PO4)s:Eu, StwFxB4Oss:EU?",
SruFxByOzEu?",Sm*", StF2Eu®, SrGas019:Mn**, SrGa,S,:Ce™,
SrGaSa:Eu®’, SrGa,Ss:Pb?, Srin,04:Pr*, AP, (Sr,Mg)s(POa)2:Sn,
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SrMgSi,Og:Eu?*, Sr;MgSi,07:Eu®’, SrsMgSi;Og:Eu**, StMoO4:U,
Sr0-3B,03:Eu?*,Cl, R-Sr0-3B,03:Pb?*, 8-SrO-3B,0; :Pb*" Mn*",
0-Sr0-3B,03:Sm?*, SrgPsBO20:Eu, Srs(PO4)sClLEU®",
Srs(P04)sCLEU* Pr¥*, Srs(P04)sCI:Mn?*, Srs(P04)sCl:Sb**, SroP,07:Eu*,
B-Sr3(PO4)2:EU*", Sr5(PO4)sF:Mn?*, Srs(PO4)sF:Sb™,
Sr5(P04)sF:Sb™ Mn?*, Srs(PO.)sF:Sn?", SroP207:Sn?", B-Sra(PO4)2:Sn",
B-Sr3(P04)2:Sn%" Mn?*(Al), SrS:Ce®", SrS:Eu®*, SrS:Mn?*, SrS:Cu” Na,
SrSO4:Bi, SrS04:Ce®, SrSO4Eu?, SrSO4Eu®" Mn?*, SrsSis01oCle:Eu”",
Sr,Si04Eu?, SITiOs:Pr*, SrTiOs:Pr*t AP*, SrsWOe:U, SrY,03:Eu™,
ThO,:Eu®*, ThO,:Pr*, ThO2:Tb>, YALB4O12:Bi®*, YAB4O12:Ce®,
YAI3B4012:Ce>* Mn, YAI3B4O12:Ce®  Tb*, YAIZB4O12:Eu,
YAL3B4O12:Eu®,Cr¥*, YAIB4O12:Th*",Ce®* Mn?*, YAIO;:Ce™*,
Y3Als012:Ce, Y3Als012:Cr*, YAIOs:Eu®*, Y3AIs012:Eu®, Y,ALOg:Eu®,
Y3Als012:Mn**, YAIO3:Sm¥, YAIO;:Tb%*, Y3AIs012:Tb>*, YAsO4:Eu®,
YBOs:Ce¥, YBOs:Eu®, YF3:Er*  Yb*, YF3:Mn®*, YF3:Mn?* Th*",
YF3Tm®,Yb*, (Y,Gd)BOs:Eu, (Y,Gd)BO4:Tb, (Y,Gd),0s:Eu®",
Y1.34Gdo.6003(Eu,Pr), Y203:Bi**, YOBr:Eu*, Y,0s:Ce, Y,03:Er**,
Y,03:Eu¥*(YOE), Y,05:Ce® b, YOCI:Ce*, YOCI:Eu*", YOF:Eu®,
YOF:Tb®, Y,03:Ho>*, Y,0,S:Eu®, Y,0,S:Pr*, Y20,S:Tb*, Y,03:Tb*",
YPO,:Ce¥, YPO,:.Ce®* Tb*, YPO4Eu®, YPO.Mn* Th*, YPO4. V™",
Y(P,V)O4:Eu, Y,SiOs:Ce®*, YTaO,, YTaO4Nb®>, YVO4:Dy**, YVO4:Eu*,
ZnAlLO4Mn%*, ZnB,04:Mn?*, ZnBa,S3:Mn?*, (Zn,Be).SiOs Mn?*,
Znp.4Cdo6S:Ag, ZnpsCdo4S:Ag, (Zn,Cd)S:Ag,Cl, (Zn,Cd)S:Cu, ZnFx:Mn?,
ZnGa,04, ZnGa04:Mn?*, ZnGaySaMn?*, Zn,GeO4Mn?*, (Zn,Mg)F2:Mn*",
ZnMgz(PO4)2:Mn?*, (Zn,Mg)s(PO4)2:Mn?*, ZnO:AI*,Ga*, ZnO:Bi**,
ZnO:Ga3+, Zn0:Ga, ZnO-CdO:Ga, Zn0:S, ZnO:Se, Zn0:Zn, ZnS:Ag*,CI,
ZnS:Ag,Cu,Cl, ZnS:Ag,Ni, ZnS:Au,In, ZnS-CdS (25-75), ZnS-CdS (50-50),
ZnS-CdS (75-25), ZnS-CdS:Ag,Br,Ni, ZnS-CdS:Ag*,Cl, ZnS-CdS:Cu,Br,
ZnS-CdS:Cu,l, ZnS:Cl', ZnS:Eu?*, ZnS:Cu, ZnS:Cu*,AP*, ZnS:Cu”,CI,
ZnS:Cu,Sn, ZnS:Eu?*, ZnS:Mn?*, ZnS:Mn,Cu, ZnS:Mn?*, Te**, ZnS:P,
ZnS:P*,CI, ZnS:Pb*", ZnS:Pb**,CI', ZnS:Pb,Cu, Zn3(PO4)2:Mn*",
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Zn,Si04Mn%*, Zn,Si0s:Mn?* As®, Zn,Si04:Mn,Sb,0,, Zn,Si0s:Mn?* P,
Zn,SiO4:Ti*", ZnS:Sn?*, ZnS:Sn,Ag, ZnS:Sn** Li*, ZnS:Te,Mn, ZnS-
ZnTe:Mn?*, ZnSe:Cu*,Cl und ZnWO,.

As mentioned above, the phosphors according to the present invention
can be excited over a broad range, extending from about 300 nm to 500

nm.

Accordingly, the present invention also relates to the use of at least one
compound according to the present invention as conversion phosphor for
the partial or complete conversion of the blue or near UV emission from a

luminescent diode.

The present invention also relates to a light source, comprising a primary
light source with an emission maximum in the range of 300 nm to 500 nm,
and all or some of this radiation is converted into longer-wavelength
radiation by a compound or an emission-converting material in

accordance with the present invention.

Preferably, the illumination unit comprises a blue or near UV LED and at
least one compound according to the present invention. Such illumination
unit is preferably white-light-emitting; in particular having a colour
coordinate of CIE x = 0.12-0.43 and CIE y = 0.07-0.43, more preferably
CIE x = 0.15-0.35 and CIE y = 0.10-0.35,

Preference is furthermore given to an illumination unit, in particular for
general lighting, which is characterised in that it has a CRI > 60, preferably
> 70, more preferably > 80.

In another embodiment, the illumination unit emits light having a certain
colour point (colour-on-demand principle).The colour-on-demand concept
is taken to mean the production of light having a certain colour point using
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a pcLED (= phosphor-converted LED) using one or more phosphors. This
concept is used, for example, in order to produce certain corporate

designs, for example for illuminated company logos, trademarks, etc.

Especially for the purpose that certain colour spaces should be
established, the phosphor is preferably mixed with at least one further
phosphor selected from the group of oxides, molybdates, tungstates,
vanadates, garnets, silicates, aluminates, nitrides and oxynitrides, in each
case individually or mixtures thereof with one or more activator ions, such
as Ce, Eu, Mn, Cr and/or Bi.

Suitable green emitting phosphors, are preferably selected from Ce-doped
lutetium-containing garnets or yttrium-containing garnets, Eu-doped
sulfoselenides, thiogallates, BaMgAl1cO47: Eu, Mn (BAM: Eu, Mn), and/or
Ce- and/or Eu-doped nitride containing phosphors and/or $-SiAION: Eu,
and/or Eu-doped alkaline earth ortho-silicates, and/or Eu-doped alkaline
earth oxy-ortho-silicates, and/or Zn-doped alkaline earth ortho-silicates.

Suitable blue-emitting phosphor, are preferably selected from BAM: Eu
and/or Sro(PQO4)sCl2:Eu, and/or CaWOy, and/or ZnS:(Au, Cu, Al), and/or
Sr4Al14025:Eu, and/or Srs(PO4)3Cl:Eu, and/or Sr.P,07:Eu.

Suitable phosphors emitting yellow light, can preferably be selected from
garnet phosphors (e.g., (Y,Tb,Gd)3(Al,Ga)sO42:Ce), ortho-silicate
phosphors (e.g., (Ca,Sr,Ba),SiO4: Eu), and/or Sialon-phosphors (e.g., a-
SIiAION: Eu), and/or (Ca,Sr,Ba)AlISisN7:Ce.

The term “blue-emitting phosphor” refers to a phosphor emitting a
wavelength having at least one emission maximum between 435 nm and
507 nm.



10

15

20

25

30

35

WO 2015/082032 PCT/EP2014/002973

-32-

The term “green emitting phosphor” refers to a phosphor emitting a
wavelength having at least one emission maximum between 508 nm and
550 nm.

The term “yellow emitting phosphor” or refers to a phosphor emitting a
wavelength having at least one emission maximum between 551 hm and
585 nm.

The term “red-emitting phosphor” refers to a phosphor emitting a
wavelength having at least one emission maximum between 586 and 670

nm.

In a preferred embodiment, the illumination unit according to the invention
comprises a light source, which is a Iuminescént indium aluminium galliufn
nitride, in particular of the formula

IniGaAlN, where 0<i, 0 <j,0<k, andi+j+ k=1 and/or a light source ,
which is a luminescent indium gallium nitride (InxGa1-xN, where 0 < x <
0.4).

In a another preferred embodiment of the illumination unit according to the
invention, the light source is a luminescent arrangement based on ZnO,
TCO (transparent conducting oxide), ZnSe or SiC or an arrangement
based on an organic light-emitting layer (OLED).

In a further preferred embodiment of the illumination unit according to the

- invention, the light source is a source which exhibits electroluminescence

and/or photoluminescence. The light source may furthermore also be a
plasma or discharge source. Possible forms of light sources of this type
are known to the person skilled in the art. These can be light-emitting LED

chips of various structures.
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The compounds according to the present invention can either be
dispersed in a resin (for example epoxy or silicone resin) or, in the case of
suitable size ratios, arranged directly on the light source or alternatively
arranged remote there from, depending on the application (the latter
arrangement also includes "remote phosphor technology"). The advan-
tages of remote phosphor technology are known to the person skilled in
the art and are revealed, for example, by the following publication:
Japanese Journal of Appl. Phys. Vol. 44, No. 21 (2005). L649-L651.

The compounds according to the present invention are also suitable for
converting parts of solar irradiation having a wavelength of less than
approximately 500 nm into radiation of a wavelength of more than
approximately 500 nm, which can be utilized more effectively by a variety

of semiconductor materials in solar cells.

Therefore, the present invention also relates to the use of at least one
compound according to the invention as a wavelength conversion material

for solar cells.

Thus, the invention relates also to a method of improvement of a solar cell
module by applying e.g. a polymer film comprising a phosphor according
to the present invention, which is capable to increase the light utilization
efficiency and the power-generating efficiency, due to a wavelength
conversion of the shortwave part of the solar irradiation spectrum which
normally cannot be utilized due to the absorption characteristics of the

semiconductor material in the solar cell module.

The present invention is described above and below with particular
reference to the preferred embodiments. It should be understood that
various changes and modifications might be made therein, without
departing from the spirit and scope of the invention.
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Many of the compounds or mixtures thereof mentioned above and below,
are commercially available. The organic compounds are either known or
can be prepared by methods which are known per se, as described in the
literature (for example in the standard works such as Houben-Weyil,
Methoden der Organischen Chemie [Methods of Organic Chemistry],
Georg-Thieme-Verlag, Stuttgart), to be precise under reaction conditions
which are known and suitable for said reactions. Use may also be made

here of variants which are known per se, but are not mentioned here.

Unless the context clearly indicates otherwise, as used herein plural forms
of the terms herein are to be construed as including the singular form and

vice versa.

Throughout this application, unless explicitly stated otherwise, all
concentrations are given in weight percent and relate to the respective
complete mixture, all temperatures are given in degrees centigrade
(Celsius) and all differences of temperatures in degrees centigrade.

Throughout the description and claims of this specification, the words
“comprise” and “contain” and variations of the words, for example
“comprising” and “comprises”, mean “including but not limited to”, and are
not intended to (and do not) exclude other components. On the other
hand, the word “comprise” also encompasses the term “consisting of’ but

is not limited to it.

It will be appreciated that variations to the foregoing embodiments of the
invention can be made while still falling within the scope of the invention.
Alternative features serving the same, equivalent, or similar purpose may
replace each feature disclosed in this specification, unless stated
otherwise. Thus, unless stated otherwise, each feature disclosed_ is only

one example of a generic series of equivalent or similar features.



10

15

20

25

30

35

WO 2015/082032 PCT/EP2014/002973

- 35-

All of the features disclosed in this specification may be combined in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive. In particular, the preferred features of
the invention are applicable to all aspects of the invention and may be
used in any combination. Likewise, features described in non-essential

combinations may be used separately (not in combination).

It will be appreciated that many of the features described above,
particularly of the preferred embodiments, are inventive in their own right
and not just as part of an embodiment of the present invention.
Independent protection may be sought for these features in addition to, or

alternative to any invention presently claimed.

The invention will now be described in more detail by reference to the
following examples, which are illustrative only and do not limit the scope of
the invention.
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Examples

Example 1: Sry.9,Eup03inTaOg
7.985g of In,03, 17.680g SrCO3, 13.223g Ta0s, 0.211g Eu,O3 are weight

out and mixed using a speed mixer at 1800 rpm for 5 minutes.

The resulting mixture is fired at 1100°C in air for 8 hours. Subsequently,
the powder obtained is grounded and fired a second time at 1500°C for 4
hours under an argon atmosphere, whereby an N, atmosphere is applied
during the heat up phase from ambient temperature up to 1250°C.

The raw product is grounded using a mechanical agate mortar and piston
andbthe resulting powder is sieved using a 50um nylon sieve.

The product is characterized by XRD (Fig.1). The corresponding emission
and excitation spectra of the phosphor of the formula Srq.92Eup.0slnTaOg
are depicted in Fig. 2 and Fig. 3.

ExamQIe 2: Ba1,ngUO_oslnTaOG
7.985g of In203, 23.633g BaCO3, 13.223¢g Ta205; 0.211g Eu203 are

weight out and mixed using a speed mixer at 1800 rpm for 5 minutes.
The resulting mixture is fired at 1100°C in air for 8 hours. Subsequently,
the powder obtained is grounded and fired a second time at 1500°C for 4
hours under an argon atmosphere, whereby an N, atmosphere is applied
during the heat up phase from ambient temperature up to 1250°C.

The raw product is grounded using a mechanical agate mortar and piston

and the resulting powder is sieved using a 50um nylon sieve.

Example 3: Srq.92Eup.05InVOg
7.985g of In203, 17.680g SrCO3, 5.4425g V205, 0.211g Eu203 are

weight out and mixed using a speed mixer at 1800 rpm for 5 minutes.
The resulting mixture is fired at 1100°C in air for 8 hours. Subsequently,

the powder obtained is grounded and fired a second time at 1500°C for 4



10

15

20

25

30

35

WO 2015/082032 PCT/EP2014/002973

-37-

hours under an argon atmosphere, whereby an N, atmosphere is applied
during the heat up phase from ambient temperature up to 1250°C.
The raw product is grounded using a mechanical agate mortar and piston

and the resulting powder is sieved using a 50pm nylon sieve.

Example 4: Srj.92Eup.0sINNbOg
7.985g of In203, 17.680g SrCO3, 7.954g Nb205, 0.211g Eu203 are

weight out and mixed using a speed mixer at 1800 rpm for 5 minutes.
The resulting mixture is fired at 1100°C in air for 8 hours. Subsequently,
the powder obtained is grounded and fired a second time at 1500°C for 4
hours under an argon atmosphere, whereby an N, atmosphere is applied
during the heat up phase from ambient temperature up to 1250°C.

The raw product is grounded using a mechanical agate mortar and piston

and the resulting powder is sieved using a 50pm nylon sieve.

Examgle 5: Sf1_92EUo.03|nSb06
7.985g of In203, 17.680g SrC0O3, 9.681g Sb205, 0.211g Eu203 are

weight out and mixed using a speed mixer at 1800 rpm for 5 minutes.
The resulting mixture is fired at 1100°C in air for 8 hours. Subsequently,
the powder obtained is grounded and fired a second time at 1500°C for 4
hours under an argon atmosphere, whereby an N, atmosphere is applied
during the heat up phase from ambient temperature up to 1250°C.

The raw product is grounded using a mechanical agate mortar and piston

and the resulting powder is sieved using a 50pum nylon sieve.

Example 6: Ca1_9zEUo_oslan05
7.985¢ of In203, 11.986g CaCO3, 7.954g Nb205, 0.211g Eu203 are

weight out and mixed using a speed mixer at 1800 rpm for 5 minutes.
The resulting mixture is fired at 1100°C in air for 8 hours. Subsequently,
the powder obtained is grounded and fired a second time at 1500°C for 4
hours under an argon atmosphere, whereby an N, atmosphere is applied
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during the heat up phase from ambient temperature up to 1250°C.
The raw product is grounded using a mechanical agate mortar and piston
and the resulting powder is sieved using a 50pm nylon sieve.

LED Examples

Example 1: Sry.92Eup.0sinTaOg

Example spectrum of the phosphor is given in Figure 4, where the narrow
emission band at 450 nm originates from the blue LED chip, while the
broad band spectral feature is the emission of the phosphor under the
blue LED excitation.
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Patent Claims
Compound of formula |,
M', M"MYOg Eu®* |
wherein
m" denotes one or more bivalent elements selected from the
group of Be, Mg, Ca, Sr, Ba, and Zn
m"! denotes one or more trivalent elements selected from the
group of B, Al, Ga, In, Tl, Sc, Y, La, Ce, Gd, and Lu, and
MY denotes one or more pentavalent elements selected from the

Group of V, Nb, Ta, As, Sb, and Bi.

The compound according to claim 1, characterized in that the
compound of formula | is selected from the formula la,

M" (2_X)M|“MVOGZEU2+X la
wherein
M", M" and MV have the same meanings as given in claim 1, and

O0<x=2.

The compound according to claim 1 or 2, characterized in that the

compound of formula | is selected from the formula la-1,
M" 29 (M a0y MZp) MYOs:EU?*y la-1

wherein
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x, M" and MV have the same meanings as given above in claim 1,

M'and M®  denote each and independently from another one
element selected from B, Al, Ga, In, Tl, Sc, Y, La, Ce,
Gd, or Lu, whereby M'#M?

O0<a<1,0sb<1, and
a+b=1.
4. The compound according to claim 3, characterized in that b = 0.

5. The compound according to claim 3 or 4, characterized in that M’

denotes In.

6. The compound according to one or more of claims 1 to 5,
characterized in that M" denotes at least one bivalent element
‘selected from Be, Mg, Ca, Sr, Ba and/or Zn.

7. The compound according to one or more of claims 1 to 6,
characterized in that M' denotes one pentavalent element selected
from V, Nb, Ta, As, Sb, or Bi.

8. The compound according to one or more of claims 2 to 7,
characterized in that0 < x < 0.3. )
9. A process for the preparation of a compound according to one or more
of claims 1 to 8, which includes the following process steps:
a) mixing at least one salt containing Eu, one or more salts

comprising at least element selected from of Be, Mg, Ca, Sr, Ba, and
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Zn, one or more salts comprising at least one element selected from
B, Al, Ga, In, Tl, Sc, Y, La, Ce, Gd, and Lu, one or more salts
comprising at least one element selected from V, Nb, Ta, As, Sb,
and Bi, at a predetermined molar ratio;

b) optionally grinding the mixture;

b) performing a primary heat treatment on the mixture ina
temperature range of 800 to 1300°C under an oxidative atmosphere;
and

c) performing a secondary heat treatment on the mixture in a
temperature range of 1200 to 1700°C under a reductive atmosphere.

The process according to claim 9, wherein the salts in step a) are
selected from the group of oxides, halides, hydrogensulfates, or

carbonates.

Use of at least one compound according to one or more of Claims 1 to-
8 as conversion phosphor for the partial or complete conversion of the:
blue or near-UV emission.

An emission-converting material comprising the compound according

to one or more of claims 1 to 8.

A light source, comprising a primary light source with an emission
maximum in the range of 300 nm to 500 nm, and a compound
according to one or more of claims 1 to 8 or a emission-converting
material according to claim 12.

The light source according to claim 13 wherein the primary light
source is a luminescent indium aluminium gallium nitride, and/or

indium gallium nitride.
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15. An lllumination unit comprising at least one light source according to
claim 13 or 14.



