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This so-called temperature quenching depends on the interactions between activator

and host lattice and is influenced by the composition of the matrix, structure, lattice
effects, concentration as well as the kind of activator. In particular, the strength of the
bonding within the crystal matrix is influencing the extension of the lattice parameters
and from this the emission properties of the activator ions.

Furthermore, by increasing the temperature the oscillation of the ions within the
lattice becomes higher. Because of this, the probability of an interaction with the
activator ions becomes higher resulting in an increasing loss of exciting energy in form
of heat. This so-called Photon-Photon Coupling strongly depends on the structure and
the surrounding of the activator ions. The more rigid is the crystal lattice, the lower is
the interaction between ions and activator.

The brightness of Orthosilicates, Disilicates as well as Chlorosilicates activated by
divalent Europium decreases strongly with higher temperatures up to 150°C because
the lattice is not so rigid and the strength of the bonding is not so high.

This effect leads e.g. to a changing of the color of the LED during operation. This is
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phosphors with high temperature stability and lower sensitivity against humidity.

Other object of the present invention is to provide high temperature stable tetragonal
Copper Alkaline Earth Silicate phosphors activated by at least divalent Europium
which emits light between about 500nm to 630nm and a manufacturing method
thereof.

Another object of the present invention is to provide luminescent tetragonal Copper
Alkaline Earth Silicate for LED applications, which have high color temperature range
from about 2,000K to 8,000K or 10,000K showing a CRI of 80~95, especially 90~95,

when mixed together with other phosphors.

Technical Solution
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\AEJEuro%lSung I2F1]nd t%)é cs:'éa ?k%latll(l)r} (Yf i?sfsurrounding. That has been realized by de-
veloping Tetragonal Copper Alkaline Earth Silicates (CSE) activated by divalent
Europium. Divalent Copper ions within tetragonal silicate structure lead to lattice
parameters (e.g. (Cu, Sr);Si0s with a=6.91A; ¢=9.715A ) smaller than for tetragonal
lattice without copper (Sr;SiOs with a=6.93A ; ¢=9.73A).

The lattice parameters are strongly different from lattice parameters of the well-
known Orthosilicates with a=5 .682&, b=7.09A and ¢=9.773A. Here, the surrounding
of divalent Europium is influenced by the orthorhombic structure.

Tetragonal Copper Alkaline Earth Silicates show more stable temperature behavior
above 100°C. Here, copper is very important for the phosphor preparation. By incor-
poration of copper into a common Alkaline Earth Silicate, three effects could be
obtained.

Firstly, copper is accelerating the solid state reaction during the heating process.
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S hE rtth §§10gte p&losph%rs acﬁvzﬂed 16}9 at 12009 %waYV%YEuropglm which emits light
within the range of 500nm to 630nm and a manufacturing method thereof. These
phosphors show a better stability against water and humidity and can be used with
advantage for high brightness LED applications. The phosphors are represented as the

following formula 1.

[Formula 1]
(Ba,Sr,Ca,Cuy)s.,(Zn,Mg,Mn),S1.,0s.20:Eu,

A tetragonal non stoichiometric silicate is provided where Copper is basically an

essential part of the matrix with u+v+w+x=1, y=z+a, z<2, 0<x<1, 0<a<0.5 and
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Fig. 6 shows X-ray diffraction patterns of a non-stoichiometric Oxyorthosilicate with
0.4 Mol Ba.

Fig. 7 shows X-ray diffraction patterns of a stoichiometric Strontium-

Oxyorthosilicate

Mode for the Invention
(example 1)
Manufacturing method of the luminescent material represented following formula 2

is described.
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n oﬁwéftr@ﬁ émnbﬁﬂ@t 316cand>t§kd¢ i lens ithel séacaige hf@rh@an é]@iaﬂ&ﬁ‘ﬂ paused by non-

stgbﬁhiog[g@ltyr @ gppsphors; both VVI th and VVI t hout Copper
at nm exa(:| tCB?I on wavel en? [39]. 2 shows the

[54] i nf ffblér@égerslpcegﬁmélkottﬁéeghq e Tyoby g(ﬁlé}@trllng 3{ey2 non- stoichiometric

t edndalEig Tator Oxtpdhidieetfit Oixgad@sosilic4R] edﬁb@allygf(ﬁhlw\@lfﬁ%tcﬁlaﬁ pattern
di ffOLlactl orb(gaﬁ §5ds of a non stoichionetric Copper

colft '8t Highy'
[55]

[56] Table 1

|
|
[50] conpouRblsy:SieesOg.:Empt al oxi des and netal carbonates,
|
|



[57]

[58]
[59]
[60]

[61]
[62]

Oxy-Orthosilicate having tetgagonal

structure.

[41]

Fig. 4 shows X-ray diffraction patterns of a
wWawsaschi onetric yellow emtting Othosili CBEBKR2008/004733

having A ivine structure.

diffraction patterns of a blue emtting

O tThotdbilsi | i cate having Merwinite structure.
X-ray diffraction patterns of a
chionmetric Oxyorthosilicate with 0.4 Mol

ﬁoﬁf@ p@i

[42] Fig. 5 shows X-ray

[ 43]

Fig.

Ba.

[ 4Bpwdargl-ray sphawng oXtheay stiohgasactieotmonsdCud€ nsadadtion) of some

For Che PTEERE Shfe VL PE 1T

ate [45]
Manuf act uri ng

Mbde

maﬁ\{l')o gtoﬁfhlénlf' EN&P&IM&%‘ ﬁBﬁ sf%h% I@(Ln 5‘[5&5@ ’ﬁ@ﬁ Sichio |Non-stoichio
fqgll gw g ofmula 2 1§ describ 48] [4 [Formul @ 2] .
[ 50] 58} pogiey | o5osletr1CEu oo4 1]10@1532] m%wé)ﬁ&ﬂr mgtricOxy-O
?ZTZ Sr %;}[Af Srodhdv%lécdfﬂtg&ﬁbgﬁsigg@{lg&ﬂga)g thoscpﬁ%rm rthosilicateSr
. , .09 g

conbi|nat i ons %@SB@WG]Q&%B%%@ ﬁﬁé” et il g/n %E?Oéﬁ\l‘*ﬂsécuo-ozlga@-“
in fgr m OL V B, 3 S1 6408 s O 2856 BiS o7 /ilaiolusaf&% A BioREX R/ ctEeomSil.osos.
mixed with tpe ap propg surp of Silica together
wilth |smal | afmihis of ?F%f? g i o) AR
st|gp,|3tshs M mtn@ is fom@ﬂs in afp.sdgem na|@seui bl e a¢)3639
1, 354BCin—apinert—gas—atresphpre (N2—ot—hoble—gag
foR 2341Rour §.4068t er po.8892 ri ng|0.3638 mat ¢0.2W2 i s 02988
m [ ed. T arsecond st e M xture Tsfired T dan
al |dni |R264r uc| b1 Wt 1,9 %&?C in Weaklly rediéirlg at |[V-2925
nmosphsr, for(gﬂgtlonc ours n, ti teri al
m I§'I _2296\3Nashn'. ried g Si eve .'ﬁﬁ?e Iur?%@cent 0.2707
neser|palyshas|moam ssijonoaxi nu.adg9zaboulo 283 nm  0.2458
( shown—in Fig—2)—and crystalllzes in-the tetragonal
st{buguydé (sm&w n Fi|g183) whi gdh246d cl edd.L354di f f er/@B@856
f romtthe_Othositicates (showr 1A gs. 4 and 5)-

7 |2.337 0.2837 0.1771 0.2352 0.2201 0.2199

8 [2.187 0.2416 0.1687 0.2201 0.1899 0.1898

9 |[1.891 0.2328 0.1630 0.1816 0.1818 0.1820

10 [1.808 0.2176 0.1612 0.1771 0.1774 0.1778

11 |1.660 0.2055 0.1395 0.1703 0.1705 0.1707

12 [1.589 0.2030 0.1338 0.1667 0.1667 0.1666

13 [1.522 0.1889 0.1282 0.1595 0.1598 0.1602

14 |1.489 0.1842 0.1256 0.1568 0.1569 0.1569

15 [1.343 0.1802 0.1206 0.1526 0.1527 0.1528

* Data from Literature for Sr;SiOs in (10 = Inm): R.W. Nurse, J. Appl. Chem., 2,
May, 1952, 244-246

(example 2)

Manufacturing method of 1 Mol of the luminescent material represented following

formula 3 is described.

[Formula 3]




[53] In table 1, results of ghe X-ray diffraction
analysis are witten down. There is evidence from Fig.

W@2@9ard6qd abl e 1 that the structure has been cPEHE8A008/004733

[63]
[64]
[65]

[75]

[76]
[77]

caused by nonstoichionmetry and Copper. [54] This
di fference can al so be seen clearly by conparing Fig.

3 f o, @SmABa, St QOcHIKWEtric and Fig.7 for a
stoichionetric Oxy-Orthosilicate, especially for the

diffraction pattern in the region 20=32-42°. [55] [56]
Table sm[rt‘frmmeteﬂi]ﬂs fdtabMel ph@phde Cuk- (BH s patC On (B 76f46ehdB8aCO;

15 7%@ 9%? eg‘df(ﬁ%d 8” (gléamﬁlcﬁmgﬁ?/' c%%ﬂb(ﬂ{h}loﬁsf theR8Fare used. The

|ca S conp romLiterature
[ 5Sit]1rtmg mt%rwﬂsf iBrfPrm pEV%W PEE Podesp 3GlEs capopates adfemmd with a

R. Wrpl b8 Shhcd t(ﬁmélr withREMLamdunVRY fluk IRBLCR4%6. %611{ 35§J]st step,

[5 ] exa 6 Manuf ctur 't hod of
t he®| cfgﬁ ‘11%’(%1@ 8@%&15@@! EIBIaPcSW %asfagpﬂ‘iﬂ?‘ﬁre for
3 26 hi@ﬁg rAﬂtlﬁqbre fiGhg, thﬁﬁﬂateﬁlﬁbfs muilllad 8¢dif.Ih aGacdhdSEp, e mixture is

| B ree(raI 1rg hh %?1195 Cl%g]IbEB ar'][ %ﬁj%%? lgszgm aﬁ‘%(g &Eﬁre for additional 6

( 317(@1r216@1)3n tBa C@B:1{aY 8. rgﬂ]gyl,, W&hcm dirgd 289 @yvecEJhmlmmescent material
( 114’215%%1%1(% Ahxididn Qtof@' ﬂ?ﬁ?éh@% ih ﬁ?gr 99fTh%rs?ruUt§f‘eqs aﬂlﬁ@gously to

starting materials in formof very pure oxides as
ase’%,aé‘“rpé‘?)h&% ghowgy 8 tahlg dd@ndiFigh 3a surplus of Silica

t ogBtyfsabstmﬁdm (ﬁlﬁﬁh} 0.2 NDOI'B Fiv@f f(fr:CSlka)nglﬁﬂhH'@ults HIZ& eifliksion between

a e mxture is fired in an alum na

or banbs & 5ie” Bt i i sl Beulpis ot mosphere for 26
hours After pre-firing, the material is mlled again.

step, the mxture is fired in an al um na

cr u@e)%ﬁg?% 1, 3850C i n weakly reduci ng at nosphere for
addMangfrgluridgineathed offthe himipprsentanaselial irepresened feblowing formula 4
wagheebrindni ed and sieved. The | um nescent materi al

[Formula 4]
Cuy,03512.9:Ca0 01511 30s5.06:Etg 04

As starting materials, CuO (5.57g), SrCO; (431.08g), CaCO; (1.0g), SiO, (61.89g),
Eu,0; (14.08g) and/or any combinations thereof are used. The starting materials in
form of very pure oxides as well as carbonates are mixed with a surplus of Silica
together with small amounts of flux (NH,4 24g). In a first step, the mixture is fired in an
alumina crucible at 1,300°C in an inert gas atmosphere for 2~6 hours. After pre-firing,
the material is milled again. In a second step, the mixture is fired in an alumina
crucible at 1,370°C in weakly reducing atmosphere for additional 6 hours. Then, the
material is milled, washed, dried and sieved. The luminescent material has an emission
maximum at 586 nm.

In the following table 2, Relative brightness of various non stoichiometric Copper
Alkaline Earth Silicates at 25°C, 100°C, 125°C and 150°C compared with YAG and

common Silicate phosphors under 455 nm excitation is summarized.

Table 2



wo abe2sseand Fig. 3.

[78]

[79]

[80]
[81]

has an em ssion maxi num at 582 nm (shown in Fig. 2).
The structure is anal ogously to exanple 1 as shown in

Mol

between 1 and 3 in Fig. 2 and to a change in the

st

fo

ol itals!

[adtez]e.

[67] [68] (exanple 3) [69]
of the | um nescent nmateri al
ng forrmula 4 is descri bed.

repres

ent ed

Manuf act uri ng

[70] [71] [Formul a
4] RglEgYe QUGB Sof ndh-gRiChiometiiSCoped ALIRDEHRDAiliceBds at 25°C,

B0 GR b TR AR YR BncbdhhmoS e phosghors under

an@?%@mﬁﬁ‘ylw@@ﬁbl nations thereof are used. The starting

[66] By substitution of oPCH/K&2®8/004733
Barium for Strontiumresults in an emn ssion

Illl:‘lIdIbIlIIUIIIIUI Vel UIl:‘ UX Ul:‘b dsS o o
caioBPesiEeN ar e ni xed Wi témﬁlt@cﬂnpl Famiggiow; 25&3 ﬂQ@& het'C|150°C
wiith small anmpunts of flwgveﬂéﬂgﬂl(a@qhxmiuﬁla first stlep,
the m xture is fired in ag al um n} cruci bl e at| 1, 3Q00C
in an inert gas atnosphe™® for 2-6™Wdurs.| After
prigef¢;ring, the materialy4ss m Il egeagain.|hy a9?ecc§gl 79
stlep, the mxture is fided in an alumna cruci
1, 33@@3104ﬂe@65ym9edum4@ at m)sp*mse f or|1addi t9rzona|786 63
houts- IIICII, t+he—raterial—s—mH _.d, wash d, ¢ ICU and
si |€Yed):STRsEn(iiiinescent (Mt eri al Hdg an efdsi @ 73 |57
neXi Tm.aL 586 nm [ 75] the folJaw ng piel 2,
Reé&t"%ﬁé}lqo‘ght ness of \ ous nosggtoi chlgﬁet |9|€c 94 |90
Copper I arth Si ates af5gd50C, 0Q0el25
a ?[ﬁ‘i'(ﬁﬁ?ﬁp 5rg]na]r5:§)r§)4v\nth J\l;;gc and rwrgr;rénn Si %iggat 28 gg: o4
Fh®9Q%§BEﬁSEB3()@§;$1QBD 9453 tagi on|40® sungaobﬁer@é [76§ 92
T 2Fabl abl-e Ret-ative—bghthess—of
noflst B sbkonBteOas:EoppetSAl kal i ngd8Bart h SDDl clbes (a4 |91
250C,
CuO_lBao_lsrz_56Mg0_1Mn0_1Si1_06o 455 575 100 96 94 92
5.12:Eu0_04
Cuy,Bag,Sr;46Mgo 1 Cag Sy 0305.|1455 572 100 |95 94 91
IG:EuO_04
Cuo_zBaO_ISrz_56Zn0_1Si1_0205_04:Eu 455 574 100 97 95 93
0.04

Non-stoichiometric Oxy-Orthosilicates also show higher emission efficiency

compared with the stoichiometric ones. In both cases the incorporation of Cu? as host

component leads to an improvement of brightness and emission efficiency as can be

taken from Fig. 1 for typical orange emitting species.

In the following table 3, sensitivity of non stoichiometric Copper containing new

phosphors against humidity and temperature compared to common Silicate phosphors

is summarized. Here, the brightness is measured under 450 nm excitation wavelength

with time exposed to the condition of 85°C temperature and saturated humidity.

Table 3




1000C, 1250C and 15Q0C conpajed w th YAGand conmon
Silicate phosphors under 455 nmexcitation [78] Non-

wae@poridemetric Oxy-Orthosilicates al so show hP@hER2008/004733

[82]

em ssion efficiency conpared with the stoichionetric

ones. In both cases the incorporation of Cu2+ as host
coymobredlt | eads to an inprovenment of brightness and
enL,J]sai)Lan efficiency as can be taken fromFig. 1 for

t ypi orange emtting species. [79] In the follow ng

t abémitBitysdmen siowhigmefic Roppatconmmimgmetw phospbppegainst humidity
COﬁ{cf%ﬁl:p&%td?@%lﬂgﬁé@W&&nrﬁ@ﬁbﬁﬁ%te'}%%aﬁow and

t enperature conpared to conmmbn t e phosphors is

SURYRKLiczed. Here, té}%h ckgbness is neasured under 450

nm excltati on wavel th\Mth time exposed to the
condi tion of 8500 It()ehmer 52(4ufr§ argd lﬁrat urza(p ad hﬂmdiri y.{1000 hrs

[ r041 2l ahl o N1 I |

IO.UIC O|_ IO.UIC rapre J =) IIDitIVI an
L |Chommniel YaonConio colital n 5. Aew dAsaphor iabai naro.3
humrqlbgmcﬁgg%ﬁﬁger ature| conpafed to dommon Silicate

phosphors pew phosphots showla mich better

oot

st Elxaﬂnplew agal nst M@ber @9 humf@d2ty t{Ba’s contigis 91.5

=
]

I 4+ ol £ 4+ ool Vo H r
OlIIUbI +cates—as dil D] ULARTITIT T OINT U Ul © O. CURLL

Nokxamplechi omet ri c|1PBnmi n#eent |t eri dPOFor | (Bt 90.7

ESP A %ZY'néea s/PPcar s L osbitbl hav’lig et Fatbnal |23

g: zétll I}e\xislt)}%r({%? s 5 03{/;9 tnﬂa I ctiers ag)elgfl Ia!g%uﬁ? R atefrtaingzlumfldlty than
SlhﬁmapeCpm@sbhmcsmhanmngﬂendkmmmbkéir|c crystal
structure. [2] Non stoichionetric |um nescent materi al
according to claim1, wherein the |u m nescent

materi al contains divalent Copper within the matrix
and Europium as activator. [3] Non stoichionetric

| um nescent material according to claim1l or 2,

wherein the |um nescent material is excited by

radi ati on between 250 nm and 500 nm [4] Non
stoichionetric |lum nescent material according to claim
1 or 2, wherein the |unm nescent material conprises a
silicate represented as the formula



(BauSrvCawCux) 3 y(Zn, My, Mh) #Sii +b0 5+2b: Eua,
wherei n, u+v+wx=l, y=z+a, z<2, 0O<x £l , 0<a<0.5 and

W@209202869 [ 5] Non stoichionmetric | um nescent neCEKR208/004733

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

according to claim1 or 2, wherein the | um nescent
material emts light at the |ong- wave side of the

exciting radiation. [6] h@?if@ chionetric | um nescent
mat eri al according to clal 2, wherein the

| um negeg BloidRdthi@lurgitdesnd ﬂlﬁ@ﬁalhéﬂ’l'lg']ﬁ eﬂﬁtﬁﬁk Q8L the non stoi-
bet ween 500 nm and 630 nm { stoi pgliroregrl C

| umi neSHEREtricdiResenLRatsHa h?gn& RN aving tetragonal

wher ei ﬁyﬁthﬁstﬂudfﬂrdﬂﬁ&tlﬁﬂngmbﬁrshlﬁionI11$ thmyistalﬂattlce than that in the
conbi nat i Jing device e

coart anyuffadict B Siich Phofals e e S iR elsh ) sperure.
on dendnul stofcBjonignc btrmncﬂo;ﬁmrmwmzd abmrdmgs;@ ehtm dawberehl the 1u-

accor di fg 8 ﬁla%‘rﬂi Jordi Szdwﬂgﬁﬂ' &l t %Qﬁh n4he RE: Tﬂ‘fd Europium as

material s used in conbination a prinmary
emitti#§vVa®k ce to produce white |ight with color

t enper Rbik®idARINE A0 AR e N Hatk (XPA¥oramg t&@'alm 1 or 2, wherein the
of Ra=80 sto c lLum ne

it or  GIBSEGR G & St oA gaton bEsea 40 fieend 500 nm.

| um neNoesbidiBinetfialumisesvectendyrid aotdrlingsé efirhilgh 2, wherein the
t enper ﬁ%ﬁﬁ&c@n‘% 'rﬁa%r?atl @&%gﬁ?e@%ts‘ﬂi’cﬁ r%ﬁe%geﬁsﬁé% gﬁ?&ula

mat er i
conpouGstSIv(ﬁ%éhlx)ddaoﬁﬁgé@)&mﬂnghEﬂeenper atures into

oxi deswhidil uMNony-s-01 Ghy OBLS | S Y MHOLEES R O@E&f 3.al
according to claim9, “wherein the femperature is
bet weel OB @t@ty@qgg@@mmescent material according to claim 1 or 2, wherein the

luminescent material emits light at the long-wave side of the exciting radiation.
Non stoichiometric luminescent material according to claim 1 or 2, wherein the
luminescent material emits light having wavelength between 500 nm and 630
nm.

Non stoichiometric luminescent material according to claim 1 or 2, wherein the
luminescent material is used in combination with a light emitting device emitting
excitation radiation to produce white light or color on demand.

Non stoichiometric luminescent material according to claim 1 or 2, wherein the
luminescent material is used in combination with a primary blue emitting device
to produce white light with color temperature between 2000K and 10000K and
CRI of Ra=80~95.

Non stoichiometric luminescent material according to claim 1 or 2, wherein the
luminescent material is made by a multi-step high temperature solid state
reaction between starting materials comprising a surplus of SiO, and metal
compounds which decompose at high temperatures into oxides.

Non stoichiometric luminescent material according to claim 9, wherein the tem-
perature is between 800°C 1550°C.



