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EUROPIUM- OR SAMARIUM-DOPED TERBIUM MOLYBDATES 

The present invention relates to europium- or samarium-doped terbium 
5 molybdates, to a process for the preparation of these compounds, and to 

the use of the europium- or samarium-doped terbium molybdates accord-

ing to the invention as conversion phosphors. The present invention 

furthermore relates to a light-emitting device which comprises a europium-

or samarium-doped terbium molybdate according to the invention. 
10 

Inorganic fluorescent powders which can be excited in the blue and/or 

UV spectral region are of major importance as conversion phosphors for 

phosphor-converted LEDs, pc-LEDs for short. In the meantime, many 

conversion phosphor systems are known, such as, for example, alkaline- 
15 earth metal orthosilicates, thiogallates, garnets, nitrides and oxynitrides, 

each of which are doped with Ces+ or Eu2*. Besides the yellow- or green-

emitting garnets or orthosilicates, the achievement of warm-white light 

sources having colour temperatures < 4000 K based on blue- or UV-A-

emitting (In,Ga)N LEDs requires red-emitting phosphors having emission 

20 wavelengths above 600 nm which emit sufficiently strongly at the corres-

ponding wavelength of the primary radiation (370 - 480 nm). At the same 

time, the stability of these phosphors must be similarly high as that of the 

garnets or orthosilicates in order that an undesired colour point shift does 

not occur during the lifetime of the solid-state light source. 

25 

A number of phosphors which meet these requirements have been pro-

posed or developed for this purpose in the last 20 years. The phosphors 

used to date, namely (Ca,Sr)S:Eu, (Ca,Sr)AlSiNs:Eu and 

(Ca,Sr,Ba)2Si5N8:Eu, are all based on the activator Eu2±, which is distin- 
30 guished both by a broad absorption spectrum and also by a broad emis-

sion band. The main disadvantage of these Eu2±-activated materials is their 

relatively high sensitivity with respect to photodegradation, since the diva-

lent Eu2+ tends towards photoionisation, in particular in host materials hav-

ing a relatively small band gap. 
35 
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A further disadvantage is the fairly high half-value width of the Eu2' emis-

sion band, which is evident from a moderate lumen equivalent 

(< 200 Im/W) if the colour point is in the deep-red spectral region. This 

observation applies, in particular, to the phosphors (Ca,Sr)S:Eu and 

5 (Ca,Sr)AlSiN3:Eu. 

It is therefore desirable to develop 	 does a red-emitting phosphor which 	not 

have these disadvantages. One of the objects of the present invention is 

thus to provide phosphors of this type. 
10 

Surprisingly, the inventors have found that europium- or samarium-doped 

terbium molybdates meet the above-mentioned requirements. 

CN 103275713 A discloses in this connection compounds of the general 

15 formula 

20 

RI112(i-x)Eu2xMo4015 

in which RIII is selected from the elements La3+, Ce3+, Pr3+, Nd3+, Sins+, 

Gd3+, Tb3+, Dy3+, Hos+, Er3+, Trn3+, Y133+, Lu3+, Sc3+ and V+ and 

0.0001 5. x < 1.0. However, the terbium molybdates according to the inven-

tion are not disclosed here. As is additionally known to the person skilled in 

the art, TV+ additionally forms alongside Tb3+ in the preparation of com-

pounds of the above-mentioned formula, which significantly impairs the 

25 phosphor properties of the corresponding compounds, since corresponding 

Tb4+ fractions in the compounds cause a broad absorption band, which dis-

advantageously extends into the region of red light. 

The present invention therefore relates to a compound of the formula I, 

30 

(Tb2)x(M01-bWb)y03x+Sy : Ln 	 I 

in which 

Ln 	denotes Sm3+ or Eu3+; 

35 x 	 denotes 1, 2 or 3; 1 5 y 5 8; and 0 5 b < 1. 
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y preferably corresponds to an integer multiple of 1 to 8. 

The compounds according to the invention can usually be excited in the 

blue spectral region, preferably at about 370 - 480 nm, and usually have 
5 red line emission in the red spectral region at about 615 or 660 nm. 

In the context of this application, blue light denotes light whose emission 

maximum is between 400 and 459 nm, cyan light denotes light whose 

emission maximum is between 460 and 505 nm, green light denotes light 
10 whose emission maximum is between 506 and 545 nm, yellow light 

denotes light whose emission maximum is between 546 and 565 nm, 

orange light denotes light whose emission maximum is between 566 and 

600 nm and red light denotes light whose emission maximum is between 

601 and 700 nm. The compound according to the invention is preferably a 
15 red-emitting conversion phosphor. 

Furthermore, the compounds according to the invention are distinguished 

by a high photoluminescence quantum yield of greater than 80%, prefera-

bly greater than 90%, particularly preferably greater than 95%. 
20 

The photoluminescence quantum yield (also called quantum yield or quan-

tum efficiency) describes the ratio between the number of photons emitted 

and absorbed by a compound. 

25 In addition, the phosphors according to the invention have high values for 

the lumen equivalent (.. 250 Im/VV) and are furthermore distinguished by 

high chemical and photochemical stability. 

In a preferred embodiment, the compounds of the formula I are selected 
30 from the formula la, 

(Tb2-aLna)x(Mo 1 -bWb)y03x+3y 	 la 

in which 

35 Ln and b have one of the meanings indicated under formula I, 

x= 1; 



WO 2015/139806 
	

PCT/EP2015/000345 

-4- 

1 5 y 5 3; and 

0.1 5 a 5 1. 

5 
The compounds according to the invention are distinguished, in particular, 

by an absorption strength at 395 nm, 465 nm and 487 nm which is compa-

ratively high for Ln-doped phosphors. The last-mentioned absorption band 

is due to the presence of trivalent Tb3* (7F6 - 5D4), with the "green" Tb3+ 
luminescence being quenched virtually completely by efficient energy 
transfer to Ln at a concentration 0.2 5 a 5 1. 

10 

In a preferred embodiment of the present invention, Ln is equal to Eu3+. 
Preference is therefore given to compounds of the formula I or la in which 

0.1 < a 5 1, particularly preferably in which 0.2 5 a 5 1, in particular in 
which 0.4 < a 5 1. 

15 

In a further preferred embodiment, Ln in the compounds of the formulae I 

and la according to the invention is equal to Sm3+, preferably where 
0.1 5 a 5 1, particularly preferably in which 0.2 < a .5 1, furthermore 
0.4 5_ a 51. 

20 

25 

In accordance with the invention, the emission maximum of the compounds 

of the formulae I and la where Ln is equal to Eu3+ or Sm3+ can also if nec-

essary be shifted into the yellow spectral region by doping in less Ln, par-

ticular preference being given here to compounds in which 0 < a < 0.1, 

preferably 0 < a 5 0.05, particularly preferably 0 < a 50.01. 

In a further embodiment, the hexavalent molybdenum in the compounds of 

the formulae I and la can be partially replaced by hexavalent tungsten 

(b > 0). Preference is given here to compounds in which 0 5 b < 0.8, par- 
30 ticularly preferably in which 0 5 b < 0.5, in particular in which 0 5 b < 0.3. 

However, especial preference is given to compounds of the formulae I and 

la in which b is equal to 0. 

Particular preference is given to compounds of the formulae I and la in 
35 which x is equal to 1 and y is simultaneously equal to 3, furthermore com-

pounds of the formulae I and la in which x is equal to 2 and y is simultane- 
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ously equal to 7, and compounds of the formulae I and la in which x is 

equal to 3 and y is simultaneously equal to 8. 

In particular, the compounds of the following sub-formula 

5 (Tb1-aEua)2Mo3012 according to the invention are distinguished by the 

existence of a gap-free mixed-crystal series. 

Mixed crystal denotes a crystal which consists of at least two different 

chemical elements, where the corresponding atoms or ions are randomly 
10 distributed. 

The compounds according to the invention are particularly preferably 

selected from the following sub-formulae: 

15 

Tb1.sEuo.4Mo3012, Tb1.4Euo.6Mo3012, Tbi.2Euo.aMo3012, Tbi.oEui. oMos012, 

and Tbi.8Smo.2Mo3012, Tb1.6Smo.4Mo3012, Tbi.4Smo.6Mos012, 

Tb1.2SmaaMo3012and Tbi.oSmi.oMos012. 

The compounds of the formulae I and la are preferably in phase-pure form 

20 
here. 

The phase purity of a crystalline powder can be investigated by means of 

an X-ray diffraction pattern, i.e. whether the sample consists only of one 

crystalline compound (phase-pure) or a plurality of compounds (multi- 

25 
phase). In phase-pure powders, all reflections can be observed and 

assigned to the compound. 

30 

The present invention furthermore relates to a process for the preparation 

of a compound according to the invention, characterised in that, in a step 

a), suitable starting materials selected from nitrides and oxides or corres-

ponding reactive forms are mixed, and, in a step b), the mixture is ther-

mally treated. 

The process is preferably characterised by the following process steps: 

35 
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(a) preparation of a mixture comprising a europium or samarium 

source, a molybdenum source and a terbium source, and also optionally a 

tungsten source; 

5 (b) calcination of the mixture under oxidising conditions. 

The europium or samarium source employed in step (a) can be any con-

ceivable europium or samarium compound with which a europium- or 

samarium-doped terbium molybdate can be prepared. The europium or 
10 samarium source employed is preferably oxides or nitrides of the elements, 

in particular europium oxide (in particular Eu203) and/or europium nitride 

(EuN) and also, in particular, samarium oxide (in particular Sm203) and/or 

samarium nitride (SmN), in particular Eu203 or Sm203. 

15 The terbium source employed in step (a) can be any conceivable terbium 

compound with which a europium-doped terbium molybdate can be pre-

pared. The terbium source employed in the process according to the inven-

tion is preferably terbium nitride and/or terbium oxide. 

20 The molybdenum and/or tungsten source employed in step (a) can be any 

conceivable molybdenum and/or tungsten compound with which a terbium 

molybdate according to the invention can be prepared. The molybdenum 

and/or tungsten source employed in the process according to the invention 

is preferably corresponding nitrides and/or oxides. 
25 

The compounds are preferably employed in a ratio to one another such 

that the number of atoms of the corresponding elements Ln, molybdenum 

and/or tungsten, and terbium essentially corresponds to the desired ratio in 

the product of the above-mentioned formulae. In particular, a stoichiometric 
30 ratio is used here. 

The starting compounds in step (a) are preferably employed in powder 

form and processed with one another, for example by means of a mortar, 

to give a homogeneous mixture. For this purpose, the starting compounds 
35 can preferably be suspended in an inert organic solvent known to the per- 
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son skilled in the art, for example acetone. In this case, the mixture is dried 
before calcination. 

The calcination in step (b) is carried out under oxidising conditions. Oxidis- 
5 ing conditions are taken to mean any conceivable oxidising atmospheres, 

such as, for example, air or other oxygen-containing atmospheres. 

The calcination is preferably carried out at a temperature in the range from 

700°C to 1200°C, particularly preferably 800°C to 1000°C and in particular 
10 850°C to 950°C. The calcination duration here is preferably 2 to 14 h, more 

preferably 4 to 12 h and in particular 6 to 10 h. 

The calcination is preferably carried out by introducing the mixtures 

obtained into a high-temperature oven, for example in a boron nitride ves- 
15 sel. The high-temperature oven is, for example, a tubular oven which con-

tains a molybdenum foil tray. 

After the calcination, the compounds obtained are optionally homogenised, 

where a corresponding grinding process can be carried out wet in a suit- 
20 able solvent, for example in isopropanol, or dry. 

In a further embodiment, the compounds according to the invention can be 

coated. Suitable for this purpose are all coating methods as are known to 

the person skilled in the art in accordance with the prior art and are used 
25 for phosphors. Suitable materials for the coating are, in particular, metal 

oxides and metal nitrides, in particular alkaline-earth metal oxides, such as 

A1203, and alkaline-earth metal nitrides, such as AIN, as well as Si02. The 

coating here can be carried out, for example, by fluidised-bed methods. 

30 
Further suitable coating methods are known from JP 04-304290, 

WO 91/10715, WO 99/27033, US 2007/0298250, WO 2009/065480 and 

WO 2010/075908. It is also possible to apply an organic coating as an 

alternative and/or in addition to the above-mentioned inorganic coating. 

The coating can have an advantageous effect on the stability of the com-

pounds and the dispersibility. 
35 
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The present invention furthermore relates to the use of the compound 

according to the invention as phosphor, in particular as conversion phos-

phor. 

5 

10 

The term "conversion phosphor" in the sense of the present application is 

taken to mean a material which absorbs radiation in a certain wavelength 

region of the electromagnetic spectrum, preferably in the blue or UV spec-

tral region, and emits visible light in another wavelength region of the 

electromagnetic spectrum, preferably in the red or orange spectral region, 

in particular in the red spectral region. The term "radiation-induced emis-

sion efficiency" should also be understood in this connection, i.e. the con-

version phosphor absorbs radiation in a certain wavelength region and 

emits radiation with a certain efficiency in another wavelength region. The 

term "shift of the emission wavelength" is taken to mean that a conversion 

15 phosphor emits light at a different wavelength, i.e. shifted to a shorter or 

longer wavelength, compared with another or similar conversion phosphor. 

The emission maximum is thus shifted. 

The present invention furthermore relates to an emission-converting mater- 

20 ial comprising one or more compounds of one of the above-mentioned 

formulae according to the invention. The emission-converting material may 

consist of one of the compounds according to the invention and would in 

this case be equivalent to the term "conversion phosphor" defined above. 

25 It is also possible for the emission-converting material according to the 

invention to comprise further conversion phosphors besides the compound 

according to the invention. In this case, the emission-converting material 

according to the invention comprises a mixture of at least two conversion 

phosphors, where one of these is a compound according to the invention. It 

30 is particularly preferred for the at least two conversion phosphors to be 

phosphors which emit light of different wavelengths which are complemen-

tary to one another. Since the compound according to the invention is a 

red-emitting phosphor, this is preferably employed in combination with a 

green- or yellow-emitting phosphor or also with a cyan- or blue-emitting 
35 phosphor. Alternatively, the red-emitting conversion phosphor according to 

the invention can also be employed in combination with (a) blue- and 
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green-emitting conversion phosphor(s). Alternatively, the red-emitting con-

version phosphor according to the invention can also be employed in com-

bination with (a) green-emitting conversion phosphor(s). It may thus be 

preferred for the conversion phosphor according to the invention to be em- 
5 ployed in the emission-converting material according to the invention in 

combination with one or more further conversion phosphors, which then 

together preferably emit white light. 

In general, any possible conversion phosphor can be employed as a fur- 
10 

15 

20 

ther conversion phosphor which can be employed together with the com-

pound according to the invention. The following, for example, are suitable 

here: Ba2Siat:Eu2+, BaSi205:Pb2+, BaxSr1-xF2:Eu2+, BaSrMgSi207:Eu2+, 

BaTiP2O7, (Ba,Ti)2P207:Ti, Ba3W06:U, BaY2F8:Er3+,Y13+, Be2SiO4:Mn2+, 

Bi4Ge3Ol2, CaA1204:Ce3+, CaLa407:Ce3+, CaA1204:Eu2+, CaA1204:Mn2+, 

CaA1407:Pb2+, Mn2+, CaA1204:Tb3+, Ca3Al2Sis0 12:Ce3+, Ca3Al2S130i2:Ce3+, 

Ca3Al2S1302:Eu2+, Ca2B609BrEu2+, Ca2B509CI:Eu2+, Ca2B509CI:Pb2+, 

CaB204:Mn2+, Ca2B205:Mn2+, CaB204:Pb2+, CaB2P209:Eu2+, 
Ca5B2Si010:Eu3+, Ca0.5Ba0.5A112019:Ce3+,Mn2+, Ca2Ba3(PO4)3CI:Eu2+, 

CaBr2:Eu2+ in Si02, CaCl2:Eu2+ in Si02, CaCl2:Eu2+,Mn2+ in Si02, 

CaF2:Ce3+, CaF2:Ce3+,Mn2+, CaF2:Ce3+,Tb31", CaF2:Eu2+, CaF2:Mn2+, 

CaF2:U, CaGa204:Mn2+, CaGa407:Mn2+, CaGa2S4:Ce3+, CaGa2S4:Eu2+, 

CaGa2S4:Mn2+, CaGa2S4:Pb2+, CaGe03:Mn2+, Ca12:Eu2+ in Si02, 

Ca12:Eu2+,Mn2+ in 

25 

30 

35 

Si02, CaLaB04:Eu3+, CaLaB307:Ce3±,m ...n2+, Ca2La2B08.5:Pb2+, Ca2MgSi207, 

Ca2MgS1207:Ce3+, CaMg3i206:Eu2+, Ca3MgS1208:Eu2+, Ca2MgS1207:Eu2+, 

CaMgS1206:Eu2±,Mn2+, Ca2MgSi207:Eu2+,Mn2+, CaMoO4, CaMo04:Eu3+, 

CaO:Bi3+, CaO:Cd2+, CaO:Cu+, Ca0:Eu3+, Ca0:Eu3+, Nal-, CaO:Mn2+, 

CaO:Pb2+, CaO:Sb3+, CaO:Sm3+, CaO:Tb3+, CaO:TI, Ca0:Zn2+, 

Ca2P207:Ce3+, a-Caa(PO4)2:Ce3+, p-ca3(pa)2:ce3+, ca5(po4)3ci:Eu2+, 
Ca5(PO4)3CI:Mn2*, Ca5(PO4)3CI:Sb3÷, Ca5(PO4)3CI:Sn2+, 

13-Cas(PO4)2:Eu2+,Mn21", Ca5(PO4)3F:Mn2+, Cas(PO4)3F:Sb3+, 

Cas(PO4)3F:Sn2+, a-Cas(PO4)2:Eu2+, B-Ca3(PO4)2:Eu2+, Ca2P207:Eu2+, 
Ca2P207:Eu2+,Mn2+, CaP206:Mn2+, a-Ca3(PO4)2:Pb2+, a-Cas(PO4)2:Sn2+, 
B-Ca3(PO4)2:Sn2+, B-Ca2P207:Sn,Mn, a-Ca3(PO4)2:Tr, CaS:Bi3+, 
CaS:Bi3+,Na, CaS:Ce3+, CaS:Eu2+, CaS:Cu÷,Na+, CaSta3+, CaS:Mn2+, 
CaSO4:Bi, CaSO4:Ce3*, CaSO4:Ce3+,Mn2+, CaSO4:Eu2+, CaSO4:Eu2+,Mn2+, 
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CaSO4:Pb24-, CaS:Pb2+, CaS:Pb2+,CI, CaS:Pb2+,Mn2+, CaS:Pr3+,Pb2+,CI, 

CaS:Sb3*, CaS:Sb3+,Na, CaS:Sm3+, CaS:Sn2±, CaS:Sn2+,F, CaS:Tb3+, 

CaS:Tb3+,CI, CaS:Y3+, CaS:Yb2+, CaS:Yb2',C1, CaSIGs:Gest 

5 

10 

15 

20 

25 

30 

35 

Ca3SiO4C12:Eu2+, Ca3SiO4C12:Pb2+, CaSiO3:Eu2+, CaSiO3:Mn2+,Pb, 

CaSiO3:Pb2+, CaSiO3:Pb2+,Mn2+, CaSiO3:Ti4+, CaSr2(PO4)2:Bi3+, 

P-(Ca,Sr)3(PO4)2:Sn2+Mn2+, CaTio.9A13.103:Bi3+, CaTiO3:Eu3+, CaTiO3:Pr3+, 

Ca5(VO4)3C1, CaWO4, CaW04:Pb2+, CaWO4:W, Ca3W06:U, CaYA104:Eu3±, 

CaYB04:Bi3+, CaYB04:Eu3+, CaY133.803.7:Eu3+, CaY2Zr06:Eu3+, 

(Ca,Zn,Mg)3(PO4)2:Sn, CeF3, (Ce,Mg)BaA111018:Ce, (Ce,Mg)SrA1ii018:Ce, 

CeMgAlii019:Ce:Tb, Cd2138011:Mn2+, CdS:Ag+,Cr, CdS:In, CdS:In, 

CdS:In,Te, CdS:Te, CdWO4, CsF, Csl, Csl:Na+, CsI:TI, (ErC13)3.23(BaCl2)0.75, 

GaN:Zn, Gd3Ga3012:Cr3+, Gd3Gas012:Cr,Ce, GdNb04:Bi3+, Gd202S:Eu3+, 

Gd202Pr3+, Gd202S:Pr,Ce,F, Gd202S:Tb3+, Gd2SiO3:Ce3+, KA111017:T1+, 

KGai1017:Mn2+, K2La2Ti3013:Eu, KINgF3:Eu2+, KMgF3:Mn2+, K2SiF6:Mn4+, 

LaA13134012:Eu3+, LaA1B203:Eu3+, LaA103:Eu3+, LaA103:Sm3+, LaAs04:Eu3+, 

LaBr3:Ce3+, LaB03:Eu3+, (La,Ce,Tb)PO4:Ce:Tb, LaC13:Ce3+, La203:Bi3+, 

La0Br:Tb3+, La0Br:Tm3+, LaOCI:Bi3+, LaOCI:Eu3+, La0F:Eu3+, La203:Eu3+, 

La203:Pr3+, La202S:Tb3+, LaPO4:Ce3+, LaPO4:Eu3+, LaSiO3CI:Ce3+, 

LaSiO3CI:Ce3+,Tb3+, LaVO4:Eu3+, La2W3012:Eu3+, LiAlF4:Mn2+, LiA1308:Fe3+, 

LiA102:Fe3+, LiA102:Mn2+, LiA1508:Mn2+, Li2CaP207:Ce3+,Mn2±, 

LiCeBa4Si4014:Mn2+, LiCeSrBa3Si4014:Mn2+, LiIn02:Eu3+, Liln02:Sm3+, 

LiLa02:Eu3+, LuA103:Ce3+, (Lu,Gd)2SiO3:Ce3+, Lu2S103:Ce3+, Lu2Si207:Ce3+, 

LuTa04:Nb5+, Lui-xYA103:Ce3+, MgA1204:Mn2+, MgSrAlio017:Ce, 

Mg13204:Mn2+, MgBa2(PO4)2:Sn2+, MgBa2(PO4)2:U, MgBaP207:Eu2+, 

MgBaP207:Eu2+,mn2+, mg_a3s.2n8:_u2+, Mg_ats04\2:_u2+, 

Mg3Cas(PO4)4:Eu2+, MgCaP207:Mn2+, Mg2Ca(SO4)3:Eu2+, 

Mg2Ca(SO4)3:Eu2+,Mn2, MgCeA1n019:Tb3t Mg4(F)Ge06:Mn2+, 

Mg4(F)(Ge,Sn)06:Mn2+, MgF2:Mn2±, MgGa204:Mn2*, Mg8Ge2011F2:Mn4+, 

MgS:Eu2+, MgSiO3:Mn2+, Mg2SiO4:Mn2+, Mg3SiO3F4:Ti4+, MgSO4:Eu2+, 

MgSO4:Pb2+, MgSrBa2S1207:Eu2+, MgSrP207:Eu2+, MgSr3(PO4)4:Sn2+, 

MgSr3S1208:Eu2+,Mn2+, Mg2Sr(SO4)3:Eu2+, Mg2TiO4:Mn4+, MgWO4, 

MgYB04:Eu3+, Na3Ce(PO4)2:Tb3+, NaI:TI, Nai.23Ko.42Euo.12fiSi4011:Eu3+, 

Nai.23K0.42Euo.12TiSi3013.xH20:Eu3+, Nai.23KoAsEr0.nTiSi4011:Eu3+, 

Na2Mg3Al2Si2010:Tb, Na(Mg2-xMnx)LiSi4013F2:Mn, NaYF4:Er3+, Yb3+, 

NaY02:Eu3+, P46(70%) + P47 (30%), SrA112019:Ce3+, Mn2+, SrA1204:Eu2+, 

SrA1407:Eu3+, SrA112019:Eu2+, SrAl2S4:Eu2+, Sr213303CI:Eu2+, 
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5 

10 

15 

SrB407:Eu2+(F,CI,Br), SrB407:Pb2+, Sr13407:Pb2+, Mn2+, Sr138013:Sm2+, 

SrxBayClzA1204-z/2: Mn2+, Ce3+, SrBaSiO4:Eu2+, Sr(CI,Br,02:Eu2+ in S102, 

SrC12:Eu2+ in Si02, Sr5CI(PO4)3:Eu, SrwFx13406.5:Eu2+, SrwFxBy0z:Eu2+,Sm2+, 

SrF2:Eu2+, SrGa12019:Mn2±, SrGa2S4:Ce3+, SrGa2S4:Eu2+, SrGa2S4:Pb2+, 

SrIn204.:Pr3+, Al3+, (Sr,Mg)3(PO4)2:Sn, SrMgS1206:Eu2+, Sr2MgS1207:Eu2+, 

Sr3MgS1208:Eu2+, SrMoO4:U, Sr0.3B203:Eu2+,CI, f3-Sr0.313203:Pb2+, 

p-sro.3B2o3 :Pb2+,Mn2+, a-Sr0.313203:Sm2+, SroP5B02o:Eu, 

Sr5(PO4)3C1:Eu2+, Sr5(PO4)3CI:Eu2+,Pr3+, Sr5(PO4)3CI:Mn2+, Sro(PO4)3CI:Sb3+, 

Sr2P207:Eu2+, 13-Sr3(PO4)2:Eu2+, Sro(PO4)3F:Mn2+, Srs(PO4)3F:Sb3+, 

Sro(PO4)3F:Sb3+,Mn2+, Sr5(PO4)3F:Sn2+, Sr2P207:Sn2+, (3-sr3(prj4)2:sn2+, 

13-Sr3(PO4)2:Sn2+,Mn2+(A1), SrS:Ce3+, SrS:Eu2+, SrS:Mn2+, SrS:Cu+,Na, 

SrSO4:Bi, SrSO4:Ce3+, SrSO4:Eu2+, SrSO4:Eu2+,Mn2+, Sr5Si4010C16:Eu2+, 

Sr2SiO4:Eu2+, SrTiO3:Pr3+, SrTiO3:Pr3+,A13+, Sr3W06:U, SrY203:Eu3+, 

Th02:Eu3*, Th02:Pr3+, Th02:Tb3+, YAI3B4012:Bi3+, YAI3134012:Ce3+, 

YA13134012:Ce3tMn, YA13134012:Ce3+,Tb3+, YAI3B4012:Eu3+, 

YAI3B4012:Eu3+,Cr3+, YA13134012:Th4+,Ce3+,Mn2+, YAI03:Ce3+, Y3A15012:Ce3t 

20 

25 

30 

Y3A15012:Cr3+, YAI03:Eu3+, Y3A15012:Eu3r, Y4A1209:Eu3+, Y3A15012:Mn4+, 

YA103:Sm3+, YAI03:Tb3+, Y3A15012:Tb3+, YAs04:Eu3+, YB03:Ce3+, YB03:Eu3+, 

YF3:Er3+,Yb3+, YF3:Mn2+, YF3:Mn2+,Th4+, YF3:Tm3+,Yb3+, (Y,Gd)B03:Eu, 

(Y,Gd)B03:Tb, (Y,Gd)203:Eu3+, Yi.34Gdo.so03(Eu,Pr), Y203:Bi3+, YOBr:Eu3+, 

Y203:Ce, Y203:Er3±, Y203:Eu3+(Y0E), Y203:Ce3+,Tb3+, YOCI:Ce3+, 

YOCI:Eu3+, YOF:Eu3+, YOF:Tb3+, Y203:Ho3+, Y202S:Eu3+, Y202S:Pr3+, 

Y202S:Tb3+, Y203:Tb3+, YP04:Ce3+, YP04:Ce3+,Tb3+, YP04.:Eu3+, 

YP04:Mn2+,Th4+, YP04:V5+, Y(P,V)04:Eu, Y2S105:Ce3+, YTaO4, YTa04:Nb5+, 

YV04:Dy3+, YV04:Eu3+, ZnA1204:Mn2+, ZnB204:Mn2+, ZnBa2S3:Mn2+, 

(Zn,Be)2SiO4:Mn2+, Zno.4Cdo.6S:Ag, Zno 6CdoAS:Ag, (Zn,Cd)S:Ag,CI, 

(Zn,Cd)S:Cu, ZnF2:Mn2+, ZnGa2O4, ZnGa204:Mn2+, ZnGa2S4:Mn2+, 

Zn2Ge04:Mn2+, (Zn,Mg)F2:Mn2+, ZnMg2(PO4)2:Mn2+, (Zn,Mg)3(PO4)2:Mn2+, 

ZnO:A13+,Ga3+, ZnO:Bi3+, ZnO:Ga3+, ZnO:Ga, ZnO-CdO:Ga, ZnO:S, ZnO:Se, 

ZnO:Zn, ZnS:Ag+,CI-, ZnS:Ag,Cu,CI, ZnS:Ag,Ni, ZnS:Au,ln, ZnS-CdS (25- 

75), ZnS-CdS (50-50), ZnS-CdS (75-25), ZnS-CdS:Ag,Br,Ni, ZnS- 

35 

CdS:Ag+,C1, ZnS-CdS:Cu,Br, ZnS-CdS:Cu,l, ZnS:C1-, ZnS:Eu2+, ZnS:Cu, 

ZnS:Cu+,A13+, ZnS:Cu+,CI-, ZnS:Cu,Sn, ZnS:Eu2+, ZnS:Mn2+, ZnS:Mn,Cu, 

ZnS:Mn2+,Te2+, ZnS:P, ZnS:P3-,CI-, ZnS:Pb2+, ZnS:Pb2+,C1-, ZnS:Pb,Cu, 

Zn3(PO4)2:Mn2+, Zn2SiO4:Mn2+, Zn2SiO4:Mn2+,As5+, Zn2SiO4:Mn,Sb202, 
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Zn2SiO4:Mn2+,P, Zn2S104:Ti4÷, ZnS:Sn2+, ZnS:Sn,Ag, ZnS:Sn2+,Li+, 

ZnS:Te,Mn, ZnS-ZnTe:Mn2+, ZnSe:Cu+,CI or ZnWO4. 

Compounds according to the invention give rise to good LED qualities even 

5 when employed in small amounts. The LED quality is described here via 

conventional parameters, such as, for example, the colour rendering index, 

the correlated colour temperature, lumen equivalents or absolute lumens, 

or the colour point in CIE x and CIE y coordinates. 

10 The colour rendering index or CRI is a dimensionless lighting quantity, 

familiar to the person skilled in the art, which compares the colour repro-

duction faithfulness of an artificial light source with that of sunlight or fila-

ment light sources (the latter two have a CRI of 100). 

15 The CCT or correlated colour temperature is a lighting quantity, familiar to 

the person skilled in the art, with the unit kelvin. The higher the numerical 

value, the colder the white light from an artificial radiation source appears 

to the observer. The CCT follows the concept of the black body radiator, 

whose colour temperature describes the so-called Planck curve in the CIE 
20 diagram. 

The lumen equivalent is a lighting quantity, familiar to the person skilled in 

the art, with the unit Im/W which describes the magnitude of the photomet- 

ric luminous flux in lumens of a light source at a certain radiometric radia- 
25 tion power with the unit watt. The higher the lumen equivalent, the more 

efficient a light source. 

The lumen is a photometric lighting quantity, familiar to the person skilled in 

the art, which describes the luminous flux of a light source, which is a mea- 
30 sure of the total visible radiation emitted by a radiation source. The greater 

the luminous flux, the brighter the light source appears to the observer. 

CIE x and CIE y stand for the coordinates in the standard CIE colour dia- 

gram (here standard observer 1931), familiar to the person skilled in the 
35 art, by means of which the colour of a light source is described. 
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All the quantities mentioned above are calculated from emission spectra of 

the light source by methods familiar to the person skilled in the art. 

In this connection, the present invention furthermore relates to the use of 
5 the compounds according to the invention or of the emission-converting 

material according to the invention described above in a light source. 

The light source is particularly preferably an LED, in particular a phosphor-

converted LED, pc-LED for short. It is particularly preferred here for the 
10 emission-converting material to comprise at least one further conversion 

phosphor besides the conversion phosphor according to the invention, in 

particular so that the light source emits white light or light having a certain 

colour point (colour-on-demand principle). "Colour-on-demand principle" is 

taken to mean the achievement of light having a certain colour point with a 
15 pc-LED using one or more conversion phosphors. 

The present invention thus furthermore relates to a light source which com-

prises a primary light source and the emission-converting material. 

20 Here too, it is particularly preferred for the emission-converting material to 

comprise at least one further conversion phosphor besides the conversion 

phosphor according to the invention, so that the light source preferably 

emits white light or light having a certain colour point. 

25 The light source according to the invention is preferably a pc-LED. A pc- 

LED generally comprises a primary light source and an emission-convert-

ing material. The emission-converting material according to the invention 

can for this purpose either be dispersed in a resin (for example epoxy or 

silicone resin) or, given suitable size ratios, arranged directly on the pri- 
30 mary light source or alternatively, depending on the application, remote 

therefrom (the latter arrangement also includes "remote phosphor technol-
ogy"). 

The primary light source can be a semiconductor chip, a luminescent light 
35 source, such as ZnO, a so-called TCO (transparent conducting oxide), a 

ZnSe- or SiC-based arrangement, an arrangement based on an organic 
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light-emitting layer (OLED) or a plasma or discharge source, most prefera-

bly a semiconductor chip. If the primary light source is a semiconductor 

chip, it is preferably a luminescent indium aluminium gallium nitride 

(InAIGaN), as is known from the prior art. Possible forms of primary light 
5 sources of this type are known to the person skilled in the art. Furthermore, 

lasers are suitable as light source. 

For use in light sources, in particular pc-LEDs, the emission-converting 

material according to the invention can also be converted into any desired 
10 outer shapes, such as spherical particles, flakes and structured materials 

and ceramics. These shapes are summarised under the term "shaped bod-

ies". The shaped bodies are consequently emission-converting shaped 
bodies. 

15 The invention furthermore relates to a lighting unit which contains at least 

one light source according to the invention. Lighting units of this type are 

employed principally in display devices, in particular liquid-crystal display 

devices (LC displays) having backlighting. The present invention therefore 

also relates to a display device of this type. 
20 

In the lighting unit according to the invention, the optical coupling between 

the emission-converting material and the primary light source (in particular 

semiconductor chips) preferably takes place by means of a light-conduct-

ing arrangement. In this way, it is possible for the primary light source to be 
25 installed at a central location and for this to be optically coupled to the 

emission-converting material by means of light-conducting devices, such 

as, for example, optical fibres. In this way, it is possible to achieve lamps 

adapted to the lighting wishes which consist of one or more different con-

version phosphors, which may be arranged to form a light screen, and an 
30 optical waveguide, which is coupled to the primary light source. In this way, 

it is possible to place a strong primary light source at a location which is 

favourable for electrical installation and to install lamps comprising emis-

sion-converting materials, which are coupled to the optical waveguides, 

without further electrical cabling, merely by laying optical waveguides at 
35 any desired locations. 
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All variants of the invention described here can be combined with one 

another so long as the respective embodiments are not mutually exclusive. 

In particular, it is an obvious operation, on the basis of the teaching of this 

specification, as part of routine optimisation, precisely to combine various 

5 variants described here in order to obtain a specific particularly preferred 

embodiment. The following examples are intended to illustrate the present 

invention and show, in particular, the result of such illustrative combina-

tions of the invention variants described. However, they should in no way 

be regarded as limiting, but instead are intended to stimulate generalisa- 
10 tion. All compounds or components which can be used in the preparations 

are either known and commercially available or can be synthesised by 

known methods. The temperatures indicated in the examples are always in 

°C. It furthermore goes without saying that, both in the description and also 

in the examples, the amounts of the components added in the composi- 
15 tions always add up to a total of 100%. Per cent data should always be 

regarded in the given connection. 

20 

25 

30 

35 
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Examples 

a) Th1.998Euo.002Mo30.12 

5 1.8684 g (2.498 mmol) of Tb407, 2.1591 g (15.00 mmol) of MoOs and 

0.0018 g (0.0050 mmol) of Eu203 are triturated in an agate mortar with the 

aid of acetone. The powder is dried, transferred into a porcelain crucible 

and heated twice in air at 900°C for 10 h. 

10 b) TbiliEuo.2Mo3012 

1.6832 g (2.250 mmol) of Tb407, 2.1591 g (15.00 mmol) of MoOs and 

0.1760 g (0.5000 mmol) of Eu203 are triturated in an agate mortar with the 

aid of acetone. The powder is dried, transferred into a porcelain crucible 

and heated twice in air at 900°C for 10 h. 

15 
c) TbEuMo3012 

0.9351 g (1.250 mmol) of Tb407, 2.1591 g (15.00 mmol) of MoOs and 

0.8800 g (2.500 mmol) of Eu203 are triturated in an agate mortar with the 

aid of acetone. The powder is dried, transferred into a porcelain crucible 

20 and heated twice in air at 900°C for 10 h. 

d) Tb1.sSmo.2Mo3012 
1.6823 g (2.250 mmol) of Tb407, 2.1591 g (15.00 mmol) of MoOs and 

0.1744 g (0.500 mmol) of Sm203 are triturated in an agate mortar with the 

25 aid of acetone. The powder is dried, transferred into a porcelain crucible 

and heated twice in air at 900°C for 10 h. 

e) T131.2EuomMo3012 

1.1215 g (1.500 mmol) of Tb407, 2.1591 g (15.00 mmol) of MoOs and 

30 0.7038 g (2.000 mmol) of Sm203 are triturated in an agate mortar with the 

aid of acetone. The powder is dried, transferred into a porcelain crucible 

and heated twice in air at 900°C for 10 h. 

f) Production of a pc-LED using a phosphor of the composition 

35 Tbi.2Euo.sMo3012 prepared in accordance with the invention: 

2 g of the phosphor having the composition T131.2Eu0.8Mo3012 are weighed 
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out, mixed with 8 g of an optically transparent silicone and subsequently 

mixed homogeneously in a planetary centrifugal mixer so that the phosphor 

concentration in the overall mass is 20% by weight. The silicone/phosphor 

mixture obtained in this way is applied to the chip of a near-UV semicon- 

5 ductor LED with the aid of an automatic dispenser and cured with supply of 

heat. The near-UV semiconductor LEDs used for the LED characterisation 

in the present example have an emission wavelength of 395 nm and are 

operated at a current strength of 350 mA. The photometric characterisation 

of the LED is carried out using an Instrument Systems CAS 140 spec- 

10 trometer and an attached ISP 250 integration sphere. The LED is charac-

terised via determination of the wavelength-dependent spectral power 

density. The resultant spectrum of the light emitted by the LED is used to 

calculate the colour point coordinates CIE x and y. 

15 

20 

25 

30 

35 
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Description of the figures 

Fig.1. X-ray diffraction patterns of Tb2-xLnxMo3012 for Cu K-alpha radia-

tion 

Fig.2. Reflection spectra of Tbi.999EuaowMos012 against BaSO4 as white 

standard 

Fig.3. Reflection spectra of Tbi sEu0.2Mo3012 against BaSO4 as white 

standard 

Fig.4. Reflection spectra of TbEuMo3012 against BaSO4 as white stan-

dard 

Fig.5. Reflection spectrum of Tbi.8Smo.2Mo3012 against BaSO4 as white 

standard 

Fig.6. Excitation spectra of Tb1.999Euo.001Mo3012 (Aem = 615 nm) 

Fig.7. Excitation spectra of Tb1.sEuo2Mo3012 (Aem = 615 nm) 

Fig.8. Excitation spectra of TbEuMo3012 (Aem = 615 nm) 

Fig.9. Excitation spectrum of TbtaSmo.2Mo3012 (Aem = 600 nm) 

Fig.10. Emission spectra of Tbi.999Euom1Mo3012 (Aex = 487.0 nm) 

Fig.11. Emission spectra of TbisEua2Mo3012 (Aex = 487.0 nm) 

Fig.12. Emission spectrum of TbEuMo30i2 (Aex = 487.0 nm) 

Fig.13. Emission spectrum of Tb1.aSmo.2Mo3012 (Aex = 487.0 nm) 

Fig.14. Section from the CIE 1931 colour diagram with the colour points 

of Tb2-xEuxMo3012 

Fig.15. Lattice constants of the mixed-crystal series of orthorhombic 

Tb2-xEuxMo3012 

Fig.16. LED spectrum of the pc-LED described in Example f) 

35 
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Patent Claims 

1.  Compound of the formula I, 

5 
(Tb2)x(Mo1-bWb)y03x+sy : Ln 	 I 

in which 

Ln 	denotes Sm3+ or Eu3+; 

10 x 	denotes 1, 2 or 3; 

1 5 y 5 8; and 

0 5 b < 1. 

2.  Compound according to Claim 1 selected from the formula la 

15 
(Tb2-alsla)001-bWb)y03x+3y 	 la 

in which Ln, x, y and b have one of the meanings indicated in Claim 

1, and 0.1 5 a 5 1. 

20 
3.  Compounds according to Claim 1 or 2, characterised in that they are 

in phase-pure form. 

4.  Compounds according to one or more of Claims 1 to 3, in which 

25 0.2 5 a 5 1. 

5.  Compounds according to one or more of Claims 1 to 4, in which 

0.4 .5 a 5. 1. 

30 6.  Compounds according to one or more of Claims 1 to 5, in which Ln is 

equal to Sms+. 

7.  Compounds according to one or more of Claims 1 to 6, in which x is 

equal to 1. 

35 
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8.  Compounds according to one or more of Claims 1 to 7, in which y is 

equal to 3. 

9.  Compounds according to one or more of Claims 1 to 8, in which b is 

5 equal to 0. 

10.  Process for the preparation of a compound according to one or more 

of Claims 1 to 9, characterised in that, in a step a), suitable starting 

materials selected from nitrides, and oxides or corresponding reactive 
10 forms of a europium or samarium source, a molybdenum source and 

a terbium source, and optionally a tungsten source, are mixed, and, in 

a step b), the mixture is thermally treated. 

11.  Use of a compound according to one or more of Claims 1 to 9 for the 
15 partial or complete conversion of the blue or near-UV emission into 

visible light of a longer wavelength. 

12.  Emission-converting material comprising a compound according to 

one or more of Claims 1 to 9 and one or more further conversion 
20 phosphors. 

13.  Light source having at least one primary light source, characterised in 

that the light source comprises at least one compound according to 

one or more of Claims 1 to 9 or an emission-converting material 
25 according to Claim 12. 

14.  Lighting unit, in particular for the backlighting of display devices, char-

acterised in that it contains at least one light source according to 

Claim 13. 
30 

15.  Display device, in particular liquid-crystal display device (LC display), 

having backlighting, characterised in that it contains at least one light-

ing unit according to Claim 14. 

35 


