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[ 341Mor eover , the diode holder may include the Iight emtting di ode
6 and the phosphor 3 may be sealed with hardening material such as
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103.1 100 Wavel ength (nm 494 493 [61] Preparation of the
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(20] Refer to the attached drawing, the wavelength conversion light emitting device is

going to be explained in detail, and the light emitting device and the phosphor are
separately explained for easiness of explanation as below.

[21] (Light emnitling device)

[22) Fig. 1 shows a side cross-scctional view of an illustrative embodiment of a portion
of a chip-type package light emitting device consistent with this invention. The chip-
type package light emitting device may comprise at least one light emitting diode and a
phosphorescent substance . Electrodes 5 may be formed on both sides of substrate 1.
Light emitting diode 6 emiiting light may be mounted on one of the ¢lecirodes 5. Light
emitting diode 6 may be mounted on clectrode 5 through electrically conductive paste
9. An electrode of light emitting diode 6 may be connected to electrode pattern 5 via an
clectrically conductive wire 2.

(23] Light emitting diodes may emit light with a wide range of wavelengths, for
example, from vitraviolet light to visible light. In one embodiment consistent with this
invention, a UV light emitting diode and/or blue light emitting diode may be use.

[24) Phosphor , Le., a phosphorescent substance, 3 may be placed on the top and side
faces of the light emitting diode 6. The phosphor in consistent with this invention may
include lead and/or copper doped aluminate type ccmpounds, lead and/or copper doped
silicates, lead and/or copper doped antimonaics , lead and/or copper doped germanates,
lead and/or copper doped germanate-silicates, lead andfor copper doped phosphates, or
any combination thereof. Phosphar 3 converts the wavclength of the light from the
light emitting diode 6 to another wavelength or other wavelengths. In one embodiment
consistent with this invention, the light is in a visible light range after the conversion. P
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[26]

[27]

[28]

[29]

paste 9.

The light emitting diode 6 mounted on substrate I may be sealed with one or more
sealing materials 10. Phosphor 3 may be placed on the top and side faces of light
emitting diode 6. Phosphor 3 can also be distributed in the hardened sealing material
during the production. Such a manufacturing method is described in U.S. Patent No.
6,482,664, which is hereby incorporated by reference in its entirety.

Phosphor 3 may comprise lead andfor copper doped chemical compound(s).
Phosphor 3 may include one or more single chemical compounds. The single
compound may have an emission peak of, for example, from about 440nm to about
500nm, from about 500nm to about 590nm, or from about 580nm to 700nm. Phosphor
3 may include one or more single phosphors, which may have an emission peak as ex-
emplified above.

In regard to light emitting device 40, light emitting diode 6 may emit primary light
when light emitting diode 6 receives power from a power supply. The primary light
then may stimulate phosphor(s) 3, and phosphor(s) 3 may convert the primary tight to
a light with longer wavelength(s) (a sccondary light). The primary light from the light
emitting diode 6 and the secondary light from the phosphors 3 are diffused and mixed
together so that a predetermined color of light in visible spectrum may be emitted from
light emitting diode 6. In one emhodiment consistent with this invention, more than
one light emitting diodes that have different emission peaks can be mounted together,
Moreover, if the mixture ratio of phosphors is adjusted properly, specific color of light,
color temperature, and CRI can be provided.

As described above, if the light emitting diode 6 and the compound included in
phosphor 3 are properly controlled then desired color temperature or specific color co-
ordination can be provided, especially, wide range of color temperature, for example,
from about 2,000K to about 8,000K or about 10,000K and/or color rcndering index of
greater than about 90. Therefore, the light emitting devices consistent with this
invention may be used (or electronic devices such as home appliances, stereos,
telecommunication devices, and for interior/exterior custom displays. The light
emitting devices consistent with this invention may also be vsed for automobiles and
illumination products because they provide similar color temperatures and CRI to
those of the visible light.

Fig. 2 shows a side cross-sectional view of an illustrative embodiment of a portion
of a top-type package light emitting device consistent with this invention. A top -type
package light emitting device consistent with this invention may have a similar
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Fig, 1 or Fig. 2 can mclude a metal substrate, which may have good heat conductivity.
Such a light emitting device may easily dissipatc the heat from the light emitting diode.
Therefore, light emitting devices for high power may be manufactured. If a heat sink is
provided beneath the metal substrate, the heat from the light emitting diode may be
dissipated mose effectively.

[32] Fig. 3 shows a side cross-sectional view of an illustrative embodiment of a portion
of a lamp-typc package light emitting device consistent with this invention. Lamp type
light emitling device 60 may have a pair of leads 51, 52, and a diode holder 53 may be
formed at the end of one lead. Diode holder 53 may have a shape of cup, and one or
more light emitting diodes 6 may provided in the diode holder 53. When a number of
light emitting diodes arc provided in the diode holder 53, each of them may have a
different peak wavelength from that of others. An clectrode of light emitting diode 6
may be connected to lead 52 by, for example, electrically conductive wire 2.

[33] Regular volume of phosphor 3, which may be mixed in the epoXxy resin, may be
provided in diode holder 53. As explained more fully below, phosphor 3 may include
lead and/or copper doped components.

(34} Moreover , the diode holder may include the light emitting diode 6 and the
phosphor 3 may be sealed with hardening material such as epoxy resin or silicon resin.

[35] In one embodiment consistent with this invention, the lamp type package light
emitting device may have more than one pair of electrode pair leads.

{361 Fig. 4 shows a side cross-sectional view of an illustrative embodiment of a portion
of a light emitting device for high power consistent with this invention. Heat sink 71
may be provided insidc of housing 73 of the light emitting device for high power 70,
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may include lead and/or copper doped components.

[42] A light emitting device for high power consistent with this invention may have a
radiator {not shown) and/or heat sink(s). Air or a fan may be used to cool the radiator,
[43) The light emitting devices consistent with this invention is not limited to the

struclures described above, and the structures can be modified depending on the char-
acteristics of light emitting diodes, phosphor, wavelength of light, and also ap-
plications. Moreover, new part can be added to the structures.

|44] An exemplary phosphor consistent with this invention is as follows.
(45] ( Phosphor )
[46] Phosphor in consistence with this invention may include lead and/or copper doped

chemical compounds. The phosphor may be excited by UV and/or visible light, for
example, blue light. The compound may include Aluminate, Silicate, Antimonate,
Germanate, Germanate-silicate, or Phosphate type compounds.

(47 Aluminate type compounds may comprise compounds having formula (1), (2),
and/or (5)

[48] a(M'O)-b(M" 2O).c(M"X).d/ﬂnle S»e(M'"O)-f(M"" 103).g(M"'" uo p).h(M“"” xOy)
...... (N

[49) wherein M' may be Pb, Cu, and/or any combination thereof; M" may be one or



Wavel ength (rim 521 519 [90]Results obtained in regard to copper
and/or | ead doped alum nates are shown in table 7. 1911Table 7:
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excitabl e Vi Qr t and, t e|
oL a0 & BRSSO 0e Ball l. Ay SRt BE g,
Conposi tion ClaoSls iBal Bn,c0diMatdndfor aangembinajon theteof M’"‘dmysbd oneair @
tun excitat ﬁﬁm? ..eak
wave Iengthhg‘%l@ga ?{ﬁ& Mr%?a @(F}%n?t’g% h??ﬁﬁ%{%%ea ngég eer%%{‘%
materi al s vmntaudmsu%cwl v, (MRT 2SN, 8n r@aoccgmngwnbcmﬁwj"-

% éA?16g66 L}%:Qilio%?%SbZSgl‘? IQJCMJH Nd pm2§m7%95@deﬂp@y $10SRr Orm, ¥

Lu, and/or any combmanon thereof X may beF Cl Br, J, and/or any combination
thereof;0<a<2;0<b<2;05c<2;0<d<8,0<e<40<1<3,0<g<8;0<
h<2;1<0<2;1<p<5;1<x<2;and 1<y «5.

[50] a(M'O)-b(M" 2O)-c(lvl“X)-4L-a-b
(51] -c(M'"O)-?(Alzoa)-d(BZO 3)-c(GaZOJ)-f(SiOQ)-g(GeO 2)-h(M"“ xOy) ...... ()
[52] wherein M’ may be Pb, Cu, and/or any combination thereof; M" may be one or

more monovalent elements, for example, Li, Na, K, Rb, Cs, Au, Ag, and/or any
combination thereof, M™ may be one or more divalent elements, for example, Be, Mg,
Ca, Sr, Ba, Zn, Cd, Mn, and/or any combination thereof; M may be Bi, Sn, Sh, Sc, Y,
La, In, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and any combination
thereof; X may be F, Cl, Br, J, and any combination thereof; 0 <a<4;0<b<2;0<¢c
<2:0<d<;0<e<;0<1<1;0<g<;0<h<2;1€x<2:and 1 £y <5,

[53} The preparation of copper as well as lead doped luminescent materials may be a
basic solid state reaction. Pure starting materials without any impurities, e.g. iron, may
be used. Any starting malterial which may transfer into oxides via a heating process
may be used to form oxygen dominated phosphors.

[54] Examples of preparation:

(55] Preparation of the luminescent material having formula (3)
[56] Cu Sr Al O :Eu.... 3
0.02 198 14 25
[57] Starting materials: CuO, SrC03 Al(OH)3, Eu2()3, and/or any combination thereof.
[58] The starting materials in the form of oxides, hydroxides, and/or carbonates may be

mixed in stoichiometric proportions together with small amounts of flux, e.g., H3303.
The mixture may be fired in an alumina crucible in a first step at about 1,200 °C for
about one hour. After milling the pre-lired maierials a second firing step at about
1,450°C in a reduced atmosphere {or about 4 hours may be followed. After that the
material may be milled, washed, dried and sieved. The resulting luminescent material
may have an emission maximum of about 494 nm.

(59] Table 1: copper doped Eu’* -activated aluminate compared with Eu™"-activated
aluminate without copper at about 400 nm excitation wavelength

[60]

Copper doped compound |Compound without copper




0.10.924 3
400 100.5
452 450 Cu
Ga 0. 10, 99.
0. 080. 9022
440 100. 8

[61]
(62])

[63]
[64]

(651

[66]

[67]

(68]

60 - 440 102 521 519 CuBaMgAl 0O : 0.051.951627 Eu,
451,515 450 515 CuBaMjAl Q- 0.121 8816?7 Fu 360 -

BaMyAl 0: 0.010.991 17clEu536()\1- 00 192. b

Vh 360-
400 101

45151440 g°h: BaMy Al
459 PhbSeM 20 - Ey

) mpnaﬁ@xsdem@(mn 4 521 5190PH Sr Al 0]: Mh Di Q0824 360 -
58—655——CuSrAt——0 Bu
Wavelength (nm) 494 493
Preparation of the luminescent material having formula (4)
Pb  Sr 1 O :Eu...... (4)
0.05 3.95 14 25

Starting materials: PbO, SrCOJ, AIZOE, EUZOB, and/or any combination thereof.

The starting materials in form of very pure oxides, carbonates, or other components
which may decompose thermically into oxides, may be mixed in stoichiometric
proportion together with small amounts of flux, for example, H3B03' The mixture may
be fired in an alumina crucible at about 1,200 °C for about one hour in the air. After
milling the pre-fired materials a second firing step at about 1,450°C in air for about 2
hours and in a reduced atmosphere for about 2 hours may be followed. Then the
material may be milled, washed, dried, and sieved. The resulting luminescent material
may have an emission maximum of from about 494.5 nm.

Table 2: lead doped Eu”-activated aluminate compared with Eu’-activated
aluminate without lead at about 400 nm excitation wavelength

L Wavelength (nm)

|

Lcad doped compound Compound without lead
- Pb St AL O_:Eu SrAl O_:Eu
005 395 i4_ 25 ) 14 _3s
Luminous density (%) 101.4 100
494.5 493

Table 3: optical properties of some copper and/or lead doped aluminates excitable

by long wave ultraviolet and/or by visible light and their luminous density in % at 400

nm excitation wavelength

Composition Possible Luminous Peak wave Peak wave
excitation density at 400 | length of lead/ length of
range(nm) nm excitation | copper doped materials

compared with | materials (nm) | without lead/
copper/iead not copper (nm)
doped
compounds (%)
Euol:;SrMmMO2 360 - 430 101.2 495 493
:Eu




060. 9424 360 - 440 102.3 521 519 CuBaPbMy 0. 050. 940. 060. 95 360 - 440
100.4 451 449 Al Q: Eu 1017 h Ra Cu My Al 0 30.70.11.9 0: Eu
1627 360 - |40 $P0AR @52 %D My Bal Cu i3 Al 0.130. 7894l1. 9 16027493 Eu,
Mh 360 - 400 P80.3% 482 (515 450,515| [93] A | ead and/or copper doped

silicates havi ad Yrmulla (9) [941a MLO) . b( M‘ . c( MX) . d(M 20)-e(M"

203) 1(W 0 Dpya(s3 Oa) -0 N(MEN ) 3% [ 9) {(ﬁe o arel Qgg/ls be Pp,, Cu,
|

and/ or any com)l pat nereit hereo M Ba, , Cd,
Mh, and/or [any ¢ &b natlon t her eof M" may be Rb, Cs, Au,

Ag, and/or |na hereof [—vM—nay be A tnrandtor—eaty-
conbi nat i on ‘%@g’éaj ,nM (Ppayfig’e &, Vil T4 w % Ti | zr 4%
and/ or any |[c®inbi Qat;iBan |t hereof; M'|" may he Bi], Sn, Sb, S¢, Y, La,

Ce. Pr, Nd, sn.,a.oosCzs. EtH—Ga—Fo—By—Ho—Er THn \ﬂ:\ Lu,—and/lor any

LILILE ) |_u, T,

conbi nat i on OoefS 39 na36(be43© C , B00.8, and an494:onb| mat i o193
thereof; 04 a;< 28 0Oc <4 O<d82 0eS2 0(S f<2
0<g<10; 0<h45? 1I4<05<2 T<p<5; 1<x<2; angl <y<5. [96] Ej tanpl a OJ

prepar ati on; By Preparation of the | um nescent materi al | havi ng

formul a (1Q [ S Si ). 0. 081, 7D, 254199 Startinyg]
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at ms@ﬁlr e (elgeren ngr H%’ozr:g 3r apélcogﬁ%ébrtgﬁgﬁﬂ E’et e%'
material me§a,lSe, Ba,ldre@d, M, end/ohaty,cotribénatien ereref; Mﬂymkgebé Br @4, Injandror
al um na crugjh 0 ' Vb€ ed re for
about 2 houérhg éo%h%atfa? Efgér%iét%gfrl glay %e%l eé’gnﬂ}éfréla!?’ a\?\'/gf 3‘5’? E‘gﬁﬁgg‘? Pand
si eved. Thethereol] M qdyhei BieSu, i, ScraY dra, €k, Pral{dhBwe Sam EenGdsTh Dy, Ho,
maxi mum at @bayt a2 uMMdsor any combination thereol; 0<a < 1;0<b<2;0<c<8: 0<d

<1;0<e<1;0<f<2;1<x<2and | £y <5.

f71] xample of preparation;
[72] Preparation of the luminescent material having formula (6)
(73] Cu Sr Al Si O :Eu.... (6)
0.05 095 19997 DN.OQO3 4
[74] Starting materials: CuO, SrCOi, AIZOJ, Si0,, Et1203 , and/or any combination
thereof.
[75] The starting materials in the form of, for example, pure oxides and/or as carbonates

may be mixed in stoichiometric proportions together with small amounts of flux, for
example, AIFJ. The mixture may be fired in an alumina crucible at about 1,250°C in a
reduced atmosphere for about 3 hours. After that the material may be milled, washed,
dried and sicved. The resulting luminescent material may have an emission maximum
of about 521.5 nm.

[76] Table 4: copper doped Eu**-activated aluminate compared with Eu*"-activated
aluminate without copper at about 400 nm excitation wavelength

[77]
Copper doped compound | Compound without copper
Cu Sr Al S O SrAl O :Eu
pUs 085 19957 00003 4 24
Eu




[ 1011Tabl e 8: copper doped Eu24-activated silicate conpared with
Eu2t act i vatreg—st+ecate—wthoutreopper—at-—about—400—am-exettation
wavel engt h | 118miroGaispeity (foped corrpound,i()&:orrpound Mt hout cltﬂ)bper Cusr

CaSi O : Eu| SI‘O—'_‘E% T—70-34tummnousdensity <%
104 100 Wavel enavglenghy(n 2 588 [103] 2bSepar atioh of the 3% nescent
materigl) havi ng for nul gfb%l 104] Ba Zn My S 0 : "EU (11
0.22078b. 62 7Prepangfiosp h@lweémaiegwlf@mg fomuda (7)zno MJO, Si O,

Eu O [yopnd/ or cany Baddi gt gon 22,3 'q)hereof [ 106] The starting

mat er Es in éh&”f or m'&¥ \?@%ﬁ@re Oé eslqm n!gllrarbon es may be ni xed
in st h| onmetRFYREPASHRI; GN 2 BAEP it GHY, Pt @nygfonthipakion
for exanpl ahertdf. Cl. In a first step the m xture may be fired in an

| um [ t. aboyt .1. 1 d d_ at
2 ot “Then? b eBnBaRsitmds BRE oot ot oy ity pofh SRIOBR & s ies Oy
be fired i macwnakumapdesnined bl soialtiomboictprdpc2Gas togetherneidusaa) amounts of
t h t L
2t e . 0uhg, Ao TG Ry FELCL B P A, o
an em ssi onl 42RCriny w&ucadb@unnospkt&e fnnabpm@ﬂ]oursamfer that deppateridapacbe
cuzd- act | Vahdd, %Ash&@tcﬁleﬁoaﬂ}aasﬁ&%dV"l‘ﬁcﬂeﬁ‘l‘%@fxﬁﬁéﬁ%ﬁ%ﬁéﬁq&l By halh LD OU
ope

copper at excitation wavel en conpound
Corrpound wemhmn@wﬁémotﬁbosﬂ%nwg Si 0 0.22Di0.62'7 Eu : Sr Zn My

Si 0 R3pS27 : Thile SUEBHRHE0HATRS L activifed dRiniRaic dORApar¥EUEIHERBHE dof Bdped

Eu’*-activated aluminate at 400 nm excitation wavelength

[83]
Copper doped compound | Comparison without copper
CuolnBaMgmAle ' Eu BaMggAlmO27 : Eu
Luminous density (%) 101 100
Wavelength (nm) 452 450
[84] Preparation of the luminescent material having formula (8)
[85] Pbﬂ_lSro_gAlzo4 :Eu...... ®)
[86] Starting materials: PbO, SrC03, AI(OH)g, EuzO!, and/or any combination thereof,
[87] The starting materials in form of, for example, pure oxides, hydroxides, and/or
carbonates may be mixed in stochiometric proportions together with small amounts of
flux, for example , HHBO:; The mixture may be fired in an alumina crucible at about
1,000 °C for about 2 hours in the air. After milling the pre-fired materials a second
firing step at about 1,420°C in the air for about ) hour and in a reduced atmosphere for
about 2 hours may be followed. After that the material may be milled, washed, dried
and sieved. The resulting luminescent material may have an emission maximum of
about 521 am.
[88] Table 6: lead doped Eu’"-activated aluminate compared with Eu**-activated
aluminate without lead at about 400 nm excitation wavelength
(89]

Lcad doped compound Compound without lead
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[ 113] Tabl eby]l@ng Lma@l uhlxapimliet Bhd/ot by aisibil: Bght mm&ﬂmudmmpmuedemtty hn % at 400

Eu2t acti vate
wavel engt h

gut | ead at about 400 nm excitation
ed conpound Conpound w t hout

ead

PbBag93] ci e DAO 950. 95n 998 0 002 BaSrSiO: Eu 4 0O: Eu 4
Lum nous dersity—{249—3631-3-1060—avelength—(rm—p2+525—
[ 115] Pr eparat i @mmpbsmbe | u P@sdab.mt Luminous densktayi Papkfverveul ja Rezﬁ)wave
[1161Pb Sri{Si 0 O : .7 [11 tl
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firing step at about 1,220d in thejair forda(%% 4 hours and in a
reduced at fosphere for abodt 1 hour] SHPOBRIYSE) bwed. After|that the
mat eri al may b edg; was iled an@gsi eved. T esul tingg
| um nescent kﬁ‘r%antseserlrnT';sé,19snrlayu r‘%@arﬁqgm Ssi on maxi um at about 4929nr n.
[1191Tabl e {I | : é)a}dEdoped ft-actiVated chlorosilicate conpared with
Eu2+- acti vgted chforgstiicare W tigut at 4y0 XCITRt1 O
wavel engt h F}-?M Eo 7005 l0.0005 19 360 - 45r ?8102 487 450
Gam04:Eu, Dy
PberDgAI’OJ:Eu 360 - 440 102 521 519
Cu BaMg Al O :]360-400 100.5 451, 515 45@, 515
0.05 1.95 16 27
Eu, Mn
Cu BaMg Al O :|360-400 101 452 450
012 1.88 16 27
Eu
Cu BaMg Al O :360-400 102.5 451 449
om 095 10 17
Eu
Ph BaMg Al Ga _|360-400 100.8 448 450
0.1 09 95 0.5
O”:Eu, Dy
Pb Sr Al O :Eu, |360-440 102.4 521 519
008 0902 2 4
Dy
PberMAlqo‘:Mn 360 - 440 100.8 658 635
Cu Sr AlO :Eu {360-440 102.3 521 519
DO6  no4 2 4
- 44 100.4 451 449
Cuo.nsBao.meo.o&Mg 0.95 360 0
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excitation [V r(gt nglzs] 3600r4ﬁBS| ti oflPbssi b
(nm) Luni ng us“d@ﬁélguy nm excijtati on conpafed with copper/| ead
not doped wave |length of |ead/ copper dbped
(amy B30 0. 1o EREIEi SopnBlig QB fhi BNy | eadl copper
[94] a(M'O) bM"O)-c(M"X).d(M™ 0) e(M™ 0 ) S(M™ O ) g(Si0 ) h(M"™" O )
...... )
[95] wherein M' may be Pb, Cu, and/or any combination thereof; M" may be Be, Mg,
Ca, Sr, Ba, Zn, Cd, Mn, and/or any combination thereof; M™ may be Li, Na, K, Rb, Cs,
Au, Ag, and/or any combination thereof; M™ may be Al, Ga, In, and/or any
combination thereof; M™ may be G, V, Nb, Ta, W, Mo, Ti, Zr, Hf, and/or any
combination thereof; M"™ may be Bi, Sn, Sb, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, and/or any combination thereof; X may be F, Cl, Br, J,
and any combination thereof; 0 <a<2;0<b<£8;0<c<405£d<2;0<ex<2;0%g
[£2,0g<10:0<h<5;1c0g2;1spsS;l€x<iand L €y <35,
(96] Exampic of preparation:
fon Preparation of the luminescent material having formula (10)
(98] CuolosSrmCamSiO E Eu...... (10)
{99) Starting materials: CuQ, SrCOa. CaCOs, SiOz, Eu O, and/or any combination
thereof.
[100] The starting materials in the form of pure oxides and/or carbonates may be mixed
in stoichiometric proportions together with small amounts of flux, for example, NH4C1.
The mixture may be fired in an alumina crucible at about 1,200°C in an inert gas
atmosphere (e.g., N_ or noble gas) for about 2 hours. Then the material may be milled.
After that, the material may be fired in an alumina crucible at about 1,200°Cina
slightly reduced atmosphere for about 2 hours. Then, the material may be milled,
washed, dried, and sicved. The resulting luminescent material may have an cmission
maximum at about 592 nm.
[101] ‘Table 8: copper doped Eu’*-activated silicate compared with Eu™-activated silicate
without copper at about 400 nm excitation wavelength
{102

-

Copper doped compound TCOmpDund without copper
Cu Sr Ca SiO :Eu Sr Ca Si0O :Eu
005 1y 0325 4 L7 03 4
104 100
592 588

Luminous density (%)

Wavelength (nm)

12



Ge0 : Eu 0.9980. 0024 Cu(Ba, Sr,Ca,Zn) 0.02 SiO: Eu 1.984 360- 500
108. 2 565 560 CuSr CaSi O 0.051.70.25 : Eu 4 360 - 470 104 592 588
CuLi Sr10Ba O. OB& Qﬁﬁﬂmﬁffﬁeﬂhmilﬁ{henﬁma%rﬁl%a@ﬁ@ forrd@ (102. 5 557 555 Cu

Sr Si &u g? 0 - 1.01.5 467 465 CuBa
Sr0. 2“%] 0022 Rﬁn OE§88 3%@§ 420 100.8 440, 660 438, 660
PbSr 941108] CI Startmg materlals CuO, BaCO,, Zn0, MgO, 8102, Eu203, and/or any combination
thereaf.
[106] The starting materials in the form of very pure oxides and carbonates may be

mixed in stoichiometric proportions together with small amounts of flux, for example,
NH4C1. In a first step the mixture may be fired in an alumina crucible at about 1,100°C
in a reduced atmospherc for about 2 hours. Then the material may be milled. After that
the material may be fired in an alumina crucible at about 1,235°C in a reduced
atmosphere for about 2 hours. Then that the material may be milled, washed, dried and
sieved. The resulting luminescent material may have an emission maximum at about
467 nm.

(107] Table 9: copper doped Eu*-activated silicate compared with Eu® -activated silicate
without copper at 400 nm excitation wavelength

[108]

Copper doped compound | Compound without copper
Cu SrZn Mg Si O : SrZnMg SiO :Eu
01 1 02 06 1 7 2 2 06 2 7
Eu
Luminous density {%) 101.5 100

| Wavelength (nm) 467 463

[109) Preparation of the luminescent material having formula (12)

[110] Pb .lBa 5‘SS O%Si uggBGcan4: Eu...... (12)

(111} Starting materials: PhO, SrCOl, BaCOl SiOz, GeOl Euz()}, and/or any combination
thereof

[112] The starting materials in the form of oxides and/or carbonates may be mixed in sto-
ichiometric proportions together with small armounts of flux, for example, NHACI. The
mixture may be fired in an alumina crucible at about 1,000 °C for about 2 hours in the
air. After milling the pre-fired materials a second firing step at 1,220°C in air for 4
hours and in reducing atmospherc for 2 hours may be followed. After that the malerial
may be milled, washed, dried and sieved. The resulting luminescent material may have
an emission maximum at about 527 nm.

[113] Table 10; lead doped Eu™*-activated silicate compared with Eu’*-activated silicate
without lead at about 400 nm excitation wavelength

[114]

T Lead doped compound Compound without lead

Pb Ba Sr Si  Ge BaSrSiO : Eu
DA 095 4

D95 0998 D002

13



0.253.75384 : Eu 360 - 470 100.6 492 490 Cu Ba SrPb 0.22.20.750.05

ZnSi 0 : Eu_0.828 360 -_430_100.8 448 445 Cuy_ Ba Si0.230.81.99 Ce0
Eu 0.018 B60 - 430 101 444 440 Cu ZmBg,Ge Si 0./50.520.2 0 : Eu

1.87 360 - ¥20 102 5 435 433 C} My Ba -9 0 0.-80.2328 : Eu M 360 -

430 103 438 GEGmﬁ‘EﬁSGé'lﬁklﬂ?biBﬁ)ZnJi 0.1511®4®.01 ZrO0 |1 Eu 0.9900 014 360

- 500 101 5f2-510—€u—Ba€a~S—¢-0252-8416—Fu
Wavelength (nm) 527 525
[115] Preparation of the luminescent material having formula (13)
fi16] Pb Sr Si OCI :Eu ... (13)
[117] Startmg matenals PbO, SrCO SrCl SlO Eu O and any combination thereof.
[118] The starting materials in the form of ox1des chlondcs and/or carbonates may be

mixed in stoichiometric proportions together with small amounts of flux, for example,
NH‘CI. The mixture may be fired in an alumina crucible in a first step at about 1,100
°C for about 2 hours in the air. After milling the pre-fired materials a second firing step
at about 1,220°C in the air for about 4 hours and in a reduced atmosphere for about |
hour may be followed. After that the material may be milled, washed, dried and sieved.
The resulting luminescent material may have an enlission maximum at about 492 nm.

(119] Table 11: lead doped Eu™*-aclivated chlorosilicate compared with Eu®"-activated
chlorosilicate without lead at 400 nm excitation wavelength

[120]

Lead doped compound Compound without lead
Pb _Sr _SiOCl :Eu SrSiOCl :Eu
835 375 3 8 4 4 3 B 4
Luminous density (%) 100.6 100
Wavelength (nm) 492 490

(121} Results obtained with respect to copper and/or lead doped silicates are shown in
table 12,

{122] Table 12: optical properties of some copper and/or lead doped rare earth activated
silicates excitable by long wave ultraviole( and/or by visible light and their luminous
density in % at about 400 nm excitation wavelength

[123]

Composition Possible Luminous Peak wave Peak wave
excitation dengity at length of lead/ length of
range (nm) 400nm copper doped materials
excitation materials {nm) | without lead/
compared with copper (nm)
copper/lead not
doped
compounds (%)
Pb Ba Sr Si | 360-470 101.3 527 525
0] 095 095
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[124]
{125]
[126]

[127]

Pb Ba
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Zn_Si

1.84 0.0t

Zr O :Eu

B9y 001 4

360 - 500

101

510

Cu BaCa SiO
0.2 5 28 4 16
: Eu
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With lead and/or copper doped antimonates having formula (14)

a(M'O} - b(M" 20) -¢(MX) - d(szos) -e(M™0O) - f[(M™ xOy)

(14)

wherein M' may be Pb, Cu, and/or any combination thereof; M" may be Li, Na, K,
Rb, Cs, Au, Ag, and/or any combination thereof; M™ may be Be, Mg, Ca, Sr, Ba, Zn,
Cd, Mn, and/or any combination thereof; M"™ may be Bj, Sn, Sc, Y, La, Pr, Sm, Eu,
Tb, Dy, Gd, and/or any combination thereof; X may be F, C}, Br, J, and/or any
combination thereof;0<a<2;0<b<2;0<c<d:0<d <8 0<e<8:0<f<2;1

<x<2;and 1 £y <

3.

Examples of preparation:




[136] Starting materials: PbO, CaCO3, SrCO Sb 0 , and/or any

conbi nati on thereof. [137] The starting materials in the form of

oxi desi1@BH/ or Eepautian ef thedymirestrink edterial laving foohilares)r i ¢ proportions
t oget h th N 2FBU ofpfl UX. (lh a first step the m xture may
be fi r@g I N an‘sjg?u ne@cgggl)bl eBa’["'é osgt 975C in the air for about 2
hours. [1APt er pPtarting magritkieCwe: Melalt Pafb Sk, MnCedinddmiany combamatier ond
step the m xhuegr My be fired in an alum'na crucible at about 1,175C
in the air for about 4 hours and then in an oxygen-containing

at mospHétke f or Theearting mafemials inghe form ofaxidens maydieanixed imstgichiometrid ed,
washed, dri gfopdtto tdRyedr wT[h enfaﬁamohh@ %f hw&n Ia %%mhi{im{s %ﬁiéﬁlcrje ﬁr.ay bQﬁ%ﬂ

an em ssi on ,maxi m at a g rLun.

anti nonate dBAPA n%\F‘f‘-‘ﬁl 8™ g\/l“t WS@F fpraheunz haurs. Mﬁ@(@fmeuthm

wavel engt h [Ma8%al ma méara dncmrmumi SE AL B R ﬂhEpH& fit&RBH an %mgna
SrSb 0 0.0060. 6019426 C‘%ﬁé 60..426 LLum nous en5|t 55
100 Vvel endfiFplEaR{boys oy A AORIBE T coRtagHRE PRt Thogl8 bpors oAlicr

copper and/ ahatlieestadeipetiapbe milsia vashod! érichdnidved U BR! resulfng Iukdddscent

Tabl e 15: opt erties.of sone ¢ | ead doped

ant i nonat es at%rlﬁlé'gqygpawa?SWé”Wé%“ﬁ?’PP’a‘@F%‘F‘ﬁB%HH‘f or by visible

| i ght [ABZ t hei TablanBnapperinpsd aptimon®é edmzpexlitvi (4 Btimonae oiitheld cpper at
wavel engt h [ ] | e excitation range (nit)

Lum nous dens.%?‘40039'58’8&%6‘398?@%“2n conpared with copper/| ead not
doped [d&Hp ounds (O/c) Peak wave Iength of |ead/ copper doped mat eri al s

(nm Peak wave—tength—of-matertals—wthott—teadt—ecppper \uu, Pio-

MyCaSb 0.20]0021. 7982 Copper doped compound omparison without copper

Cuo.zMg”LiMszO . Mn MgzLio_EprT : Mn

Luminous density (%) 101.8 100
Wavelength (nm) 652 650
[(134] Preparation of the luminescent material having formula (16}
[135) Pb Ca Sr Sb O ... (16)
0006 0.6 034 2 6
1136] Starting materials: PbO, CaCOj, SrCO, szos, and/or any combination thereof.
[137] The starting materials in the form of oxides and/or carbonates may be mixed in sto-

ichiometric proportions together with small amounts of flux. In a first slep the mixture
may be fired in an alumina crucible at about 975°C in the air for about 2 hours. After
pre-firing the material may be milled again. In a second step the mixture may be fired
in an alumina crucible at about 1,175°C in the air for about 4 hours and then in an
oxygen-containing atmosphere for about 4 hours. After that the material may be
milled, washed, dried and sicved. The resulting luminescent material may have an
emission maximum at about 637 nm.

[138] Table 14: lead doped antimonate compared with antimonate without lead at 400 nm
cxcitation wavelength

(139]

Lead doped compound Compound without lead |
a St Sb O Ca Sr SbO
038 6 D6 0.4 2 6

.6 293 1

0405
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OP : M 62 360 - 400 102 645 649 CuCaSrSb 0.151.8450.005 Si0O : M
1.9980. 0027360 - 400 101.5 66Q 658 - Cu My Li-Sh 0 0.21.70 227 Mh

360 - 400 1D1L8mbfds Aok %dyb FSb 020011@27911) 8 NgO : Mh 0126 360 -

400 98 5 61:0 oL ok, N 0111004 - 000 0. Mol OO Ze 200 ¥a¥al
. 9 09U COCTaOUYV U Ul IgIJ1Ll " I9III U . VIT U~ VRO M Balre Ava v ki AVAV)
100.5 660 6

7 Pievelgigdb{(mam). 0060. 60. 394876 360 - 400 102 6838 638 CuCa
Sr Ba 0.0020. 90504 MJS6U
[140]

[141]

Results obtained in respect to copper and/or lead doped antimonates are shown in

table 15.

Table 15; optical properties of some copper and/or lead doped antimonates
excitable by long wave ultraviolet and/or by visible light and their luminous density in
% at about 400 nm excitation wavelength

[142]
Composition Possible Luminous Peak wave Peak wave
cxcitation | density at 400 | length of lead/ length of
range nm excitation | copper doped malerials
(nm) compared with { materials (nm} | without lead/
copper/lead not copper (nm)
doped comp
ounds (%)
Pb Mg C 360 - 400 102 645 649
0.2 0.002 L.798 1
OF :Mn
6 2
Cu Ca Sr Sb |360-400 101.5 660 658
0.15 1.345  0.005
i O :Mn
1998  0.002 7
Cu, 2Mgl 7Li(prjO _ (360 - 400 101.8 652 650
' Mn
Cu Pb Ca S5b 360 - 400 98.5 658 658
Q2 0Mm 0.79 LI
NbO.D’.’Oﬁ : Mn
Cu Ca Sb 360 - 400 100.5 660 657
0.01 1.99 1.9995
O :Mn
00005 7
Pb Ca Sr Sb O]360-400 102 637 638
0.006 0.6 0.3% 2
6
Cu Ca Sr Ba 360 - 400 102.5 649 645
po2 09 D5 0.4
Mg SbO
018 2 17
Pb Mg Ca _Sbi360-400 101.8 628 630
0.198 0004 L1798
2 62 |
(143] Lead and/or copper doped germanates and/or a germanate-silicates having formula
(17
[144] a(M'O)-b(M" 2O)-c(l.'\/l"X)-dGeOl-e(M'“0)-f(M"" 2O})-g(M"’" 0Op)-h(M'""' XO” ......
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0.18,7 360 - 400 102.5 649 645 PbMgCaSb 0.1980.0041. 798 OF 262 360 -
400 101.8 6287 630 [143] Lead and/or copper doped gernanates and/or a
ger manat e- sliPcat es havi ng fornmula (17) [144] a(MO).b(M

20) . c{IMsX) . dCabrkrein W1Ohay LAPEAR), aﬂt(/Mﬁny%)nH‘t(dﬂbn merédeM"[lﬂ&BBt}e M REK N

K o) oo Rl Choad K BhoS0in QiR on bt elF sy B BT WIo Co s T,

Ca, Sr, Ba, CZtnand.(f.ianL angedmbinadoy thecool; M%l'tmqnbd bered, AlM.a,rGy, Idi),emEBfDr aﬁy

5 " oot AT A S, £

Sn Pr Sm c@nbin@in thgreofid/ ¢ o fb; RraSlmoEu,t(EérIépfandJOXammy be F,

cl, Br, f <

0<d<10; 100. A YeBT AR %‘9‘?@8 iy el B A0 Sy 10
5. [146] xafsesdh Opiéﬁa}(hpl'ﬁh“ lp;_avs]eprlép@sa&s b‘i‘\(b‘égtlﬁéolﬂﬁhn‘é&cleﬁp
mat eri al hawing gﬁwyllad(l@) and48¢ yRos Ca Zn Ge Si 0 @ M (18)
DX041.991) 0060 [ 149] Star%'lng materials: Pb0, CaCO, ZnQ
GeO , K60 | M@E%MMZZS conbi nation thereof, [150] The
start ii [y} mat erprapFarich ¢fMBe fudtineseént Pxdt&tRS hansy ernﬁ?ar(%?]at es may be
mxed| st oi tr|c prop tlon togethgr with small amounts of
flux, (¥ exargrpglﬁ gsa ste(ﬁ)(he m xture may be fired
in an[p9am na Swrﬁﬁghmer@s a?b@ut:aa:ozm IGROR/SI0Y BRICE QhdioR by

at nosphere for, .about urs. Then} the materi & may Ybe nilled again.
In a second¥pRigay %hﬁ{‘%‘? ‘ure may be fired in an alunina crucible at
about [150200C iTheGxartinn nmmnmtsi inthegfoah pbexibier mdfarcadionstts Rah by mxedﬁiht «0-

ot T isRlarridRtoni s 1dgRher WAR LGN ook of Rt Yo Ydamd 1 c1 I a
655 nm [ 15ffst Smple: hiXtuiceaay hioffred i aluminzaretiblget amuad 200t eamed
W W 2oty el LTI gk DR bt 00N AR TG bl

wavel engt h ped conpoun Conpdrison W copper
Pb Ca ZnGeagadp. In @azzppnd@éepshg mixinfg may be fired in an alumina crucible at about

1,200°C in oxygen containing atmosphere for about 2 hours. After that the material
may be milled, washed, dried and sicved. The resulting luminescent material may have
an emission maximum at about 655 nm.

[151] Table 16: lead doped Mn-activated germanate compared with Mn-activated
germanate without lead at about 400 nm excitation wavelength
[152]
Copper doped compound | Comparison without copper
Pb Ca Zn Ge Si 1Ca Zn Ge Si O :Mn
0004 1.99 e D2 199 o 08 02 4
0_1 : Mn
Luminous density (%) 101.5 100
Wavelength (nm) 655 657
[153] Preparation of the luminescent material having formula (19)
[154] Cuo‘%SrwGeMSl 0_403 ‘Ma ... (19N .
[155] Starting materials : CuQ, SrCO}, GeO,, Si0 MnCOa, and/or any combination
thereof
[156] The starting materials in the form of oxides and/or carbonates may be mixed in sto-
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01X)4 1.990.006 .1.8 0.2 1.99 0.01 0.80.24
Lum nous density (%

[157]

(158]

[159]

[160]

101.

5 100 Wavel ength

0

. M 4
(n 655

ichiometric proportions together with small amounts of (lux, for example, NHCLIna

first step the mixture may be fired in an alumina crucible at about 1,100°C in an

oxygen-containing atmosphere for about 2 hours. Then, the material may be milled

again. In a second step the mixture may be fired in an alumina crucible at about

1,180°C in an oxygen-containing atmosphere for about 4 hours. After that (he material

may be milled, washed, dried and sieved. The resulting luminescent material may have

an emission maximum at about 658 nm.

Table 17: copper doped Mn-activated germanate-silicate compared with Mn-

activated germanate-silicale without copper at 400 nm excitation wavelength

Copper doped compound

Compound without copper

Cu Sr Ge Si O :Mn
046 054 0.6 04

SrGe Si O :Mn
06 04 3

Luminous density (%)

103

100

Wavelength (nm)

658

655

Table 18: optical properties of some copper and/or lead doped germanate-silicates

excitable by long wave ultraviolet and/or by visible light and their luminous density in

% at about 400 nm excitation wavelength

Cul.dSMgzﬁ.SSGe‘Q.dsl I').f:o

Composition Possible |  Luminous Peak wave Peak wave
excitation| density at 400 |length of lead/| length of
range | nmexcitation | copper doped materials
(nm) compared with | materials (nm) | without lead/
copper/lead not copper (nm)
doped
compounds (%)
Pb Ca Zn Ge 360 - 101.5 G55 657
0.004 1.9 0.006 0.8
Sio 04 : Mn 400
Pb St Ca Ge | 360- 101.5 660 661
0.002  0.954 1.044
i O :Mn 400
g93 007 4
Cu Sr Ge Si O :| 360- 103 658 655
046 0.54 0.6 04 3
Mn 400
Cu Sr Ba 360 - 102 538 533
0002 0.998 0.v9 o.nt
Si Ge O :Eu 470
098 0 4
360 - 102 660 657
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[163]

[164]
[165]
[166]
[167]

(168]

[169]

[170]

ut 1408

ran ?M

(20)

)h Mn

8 M™"0 }h(M™ 0)

g{?&%?ﬁﬁ#@&éﬁ}ﬂ E\g@gél]%gggg%\t}ﬁ%goﬁggm%mo& tion Possible

O) c(M"X)- dP 0 e(M"'O) f{M'“‘

------

wherein M' may be Pb, Cu, and/or any combination thereof; M" may be Li, Na, K,
Rb, Cs, Au, Ag, and/or any combination thereof; M™ may be Be, Mg, Ca, Sr, Ba, Zn,
Cd, Mn, and/or any combination thereof; M™ may be Sc, Y, B, Al, La, Ga, In, and/or
any combination thereof; M™ may be 81, Ge, Ti, Zr, Hf, V, Nb, Ta, W, Mo, and/or any
combination thereof; M"" may be Bi, Sn, Pr, Sm, Eu, Gd, Dy, Ce, Tb, and/or any

combination thereof; X may be F, Cl, Br, J, and/or any combination thereof; 0 < a < 2;
0<b<12:0<¢c216,0<d<3;0<es50<f<3,05gs2;0<hg2;1<x<2;

and 1 <y <5.

Preparation of the luminescent material having tormula (21}

Cu Ca (PO)Ci:Eu
0.02 4.98 43

Starting materials: CuO, CaCOq, Ca_;(PO4)°, CaClj, Euqu, and/or any combination

thereof,

The starting materials in the form of oxides, phosphates, and/or carbonates and

chlorides may be mixed in stoichiometric proportions together with small amounts of

flux. The mixture may be fired in an alumina crucible at about 1,240°C in reducing

atmaosphere for about 2 hours. After that the material may be milled, washed, dried and

sieved. The luminescent material may have an emission maximum at about 450 nm.,

Table 19: copper doped Fu®*-activated chlorophosphate compared with Eu’" -

activated chlorophosphate without copper at about 400 nm excitation wavelength

L

Copper doped compound Efompound without copper

20




nm exci tation conpared with copper/|lead not doped conpounds (% Peak
wave | ength_of | ead/ copper. doped materials (nm_Peak wave | ength of

materials w thout |ead/ copper (cr[r) (fﬁbcﬁibﬁgloli QO41. 998, @Qz%fﬁh 0:

Mn 0.74 360 400101 5 655 57 20 _OBA1 Q44 5

0.930. 074 360Lum€1(buiﬁénﬁtyq%) 661 Cusr GROBHO0 : 0. 460.540. 6014@ M 360-

400 103 658 655—CuSrBata—00026-19986-996-—01+S+ceb—1+FEu—6-980-024-360
470 102 538 Wavelength (nm) 450 447
[171] Table 20: copper and/or lead doped phosphates excitable by long wave ultraviolet
and/or by visible light and their luminous density in % at about 400 nm excitation
wavelength
(172]
[ Composition Possible Luminous Peak wave Peak wave
excitation | density at 400) |length of lead/| length of
range (nm) | nmexcitation | copper doped materials
compared with | materials (nm) | without lead/
copper/lead not copper {(am)
doped
compounds (%)
Cu Sr (PO)YCI| 360-410 101.5 450 447
0.02 498 473
: Eu
CuO.ZMg0 8BaPOO , 360 - 400 102 638 635
: Eu, Mn
Pb Sr P B O] 360-400 102 425 420
05 15 1.84 016
» Eu
6.84
CuosMgMBa’(P,Si) 360 - 400 101 573 570
O :Eu
2 8
Cu Sr (PB)O 360 - 410 102 460 456
05 93 5 24
Cl :Eu
Cu BaSr PO 360 - 410 102 443 443
[15] I 65 6 M
(F.Ch_ :Eu
Cuooj(Ca,Sr,Ba)q N 360 - 410 101.5 438, 641 435, 640
PO Cl:Eu, Mn
3__n
Pb Ba PO :Eu{ 360-400 103 421 419
04 29 2 &8
[173] Meanwhile , the phosphor of the light emitting device consistent with this

invention can comprise aluminate, silicate, antimonate, germanate, phosphate type
chemical compound, and any combination thereof.

[174] Fig. 6 is a one of thc embodiment's emission spectrum according to the invention,
which the phosphor is used for the light emitting device, The embodiment may have a
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533 Cul\/gGe
Ge Si

Ge S| 0 360-

PbBazZnSr

{175]

[176]

[177]

(178]

(1791

[180]

[181]

Si0 1.4526.559.40.6 360- 102 660 657 : M 48 400

hg%a Jlx_:%gttfgg %dgééﬁh% )\%}/g\cf)’eleSn RB%SNRO Q\glfgl is m1xtMiJe olnthe

selected mulitiple chemical compouads in proper ratio. The phosphor may be composed
of Cu BaMg AI O : Eu which may have peak wavelength at about 451nm, Cu 0
r Ca SlO Eu w]uch may have peak wavelength at 586nm, Pb Ca St sz(l)‘ﬁ

06 0394
Mn whlch may have peak wavelength at about 637nm, Pb 1552, Zn0 St Zr O

: Eu which may have peak wavelength at around 512nm, and CuMSr“A.Inl: O:”: Eiim ‘
which may have peak wavelength at about 494nm.

In such an embodiment, part of the initia] about 405nm wavelength emission light
from the light emitting diode is absorbed by the phosphor, and it is converted to longer
2™ wavelength, The 1% and 2% light is mixed together and the desire emission is
produced. As the shown Fig. 6, the light emitting device convert the 1% UV Tight of
405nm wavelength to wide spectral range of visible light, that is, white light, and at
this time the color temperature is about 3,000K and CRI is about 90 to about 95,

Fig. 7 is another cmbodiment's emission spectrum according to the invention,
which the phosphor is applied for the light emitting device. The embodiment may have
a light emitting diode with about 455nm wavelength and the phosphor, which is
mixture of the selected multiple chemical compounds in proper ratio.

The phosphor is composed of Cu“mSr”CamSiO4 : Eu which may have peak
wavelength at about 592nm, PbﬂllBaermSiO-ggch WO4 : Eu which may have peak
wavelength at about 527nm, and CuansLiOszrLs BaMSS i04 : Gd, Eu which may have
peak wavelength at about 557nm.

In such an embodiment, part of the initial about 455nm wavelength emission light
from the light emitting diode is absorbed by the phosphor, and it is converted lo longer
2" wavelength. The 1" and 2 light is mixed together and the desire emission is
produced. As the shown Fig. 7, the light emitting device convert the 1* blue light of
about 455nm wavelength to wide spcctral range of visible light, that is, white light, and
at this time the color temperature is about 4,000K to about 6,500K and CRI is about 86
to about 93,

The phosphor of the light emitting device according to the invention can be applied
by single chemical compound or mixture of plurality of single chemical compound
besides the cmbodiments in relation to Fig. 6 and Fig. 7, which are explained above.

According to the description above, light emitting device with wide range of color
temperature about 2,000K or about 8,000K or aboul 10,000K and superior color
rendering index wore than about 30 can be realized by using the lead and/or copper
doped chemical compounds containing rare earth elements.

Industrial Applicability

In such a wavelength conversion Jight emitting device is capable of applying on

mobile phone, note book and electronic devices such as home appliance, stereo,

22



360- 101.8 550 545 0.0010.8490.051.1 GeSi0 : Eu 470 ant 0. 964
- CuMg GO F : 360 - 100.5 655 653 0.054. 9562 Wvh 400 CuMgGeO
F: 360- 100tefecommbichiidnpoRindiobut also fdhcuddon display’s key pad and back light ap-

[182]

(183]

plication. Moreover, it can be applied for automobile, medical instrument and il-
lumination products.

According to the invention, it is also able 1o provide a wavelength conversion light
emitting device with stability against water, humidity, vapor as well as other polar
solvents.

In the foregoing described embodiments, various features are grouped together in a
single embodiment for purposes of streamlining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention that the claimed invention
requires more features than are expressly recited in each claim. Rather, as the
following claims reflect, inventive aspects lic in less than all features of a single
foregoing disclosed embodiment. Thus, the following claims are hereby incorporated
into this Detailed Description of Embadiments, with each claim standing on its own as
a separate preferred embodiment of the invention,
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[ 161] Lead and/or copper doped phosphates having formula (20 ) [162]
a(MO-b(M 20).c(MX).dP20 5.e(helnmD).f(M" 203).g( M"""" 0,).h(MO
) Xy (20) [163] wherein M may be Pb, Cu, and/or any conbi nation
thereof; M may be Li, Na, K Rb, Cs, Au, Ag, and/or any conbination
thereof; M nmy be Be, My, Ca, Sr, Ba, Zn, Cd, M, and/or any

combi nation &kMSof: M may he Sc, Y, B, Al, La, Ga, In, and/or any
conbi nation thereof; Mmy be Si, G, Ti, Zr, H, V, No, Ta, W M,
and/ or any conbination thereof; M may be Bi, Sn, Pr, Sm Eu, G, Dy,
Ce, Tb,l.and/Ahglaremitmglienat, omprismgeof; X may be F, d, Br, J, and/or
any conbinatiqn,thereof,. Q < < 2: 0<h<.12; 0Q <c<16; 0 cd<3;0 <e<5;
0 <f< 3. 0 <@31%§,E6‘Eﬁtén&$‘log%ﬁ@§°}gu o gmit lightiands 1 164] Exanpl es of

preparation; 'y Prepabalel o | g n efihal Vi
formila (21) 1 %’6%?‘1&1 Ca F%% )%1%?51?}&6 Bt ereasd oEhe {l%’?l@t@al?}{big%%m
mat er i ahbstartially cQe@0g, at Bast(@r®riion ofth€light dhittng diaded/ or any

conbi nati on 334 22.3 t.her.eof. 68], The startin terial i.n the
o o ol g dterdis gt pRSHER incl i 2 1ea R ety B e 157 Pyt el Fggiand/or
m xed igthds l@hmBiceAEbhl C proportions togethcr with small anounts of

flux. The m xture may he fired in an alum na cruci ble at about 1,240C
in reducing atnosphere for about 2 hours. After that the material may

be il led, v e .
nave an e SoraiEk il AR BLRET o il T oRETES The BRAGHOZBes an
doped Ramaghicvedtsnidll oo phRthadppes oM slieee Wohfainb? lcad asd/bl abpser, an

chl or ophgsphat e wi t hout copper at about 400 nut excitation wavel ength
[170] andmgaste Fopaening derdusl/ CorgRPGhE wPERRGe egjipeing lead apg/on (cppyey, 2

T00 vasopitcitets ShaRifedd andfdt Aodt & TS RN IebthudBrcoboer,

phosphat esy exubinatidnethrgof. ong wave ul traviol et and/or by visible Iight
and their lum nous density in %at about 400 nm excitation wavel ength
[ 1721 Conposition Possible excitation range (nn) Lum nous density at

400 nmaexci kiRt &ATRAE 86Vivd ARoRRIPRN higRH 0ROl wieRALthe phosphor includes a
compound having formula (1)
a(M'0)-b(M?; 0)-c(M?X)-dALOs-e(M>0)-fiM*05)-2(M°,0,)-h(M%0,) (1)

wherein

M' is Pb, Cu, or any combination thereof;

M? is Li, Na, K, Rb, Cs, Au, Ag or any combination thereof;

M3 is Be, Mg, Ca, Sr, Ba, Zn, Cd, Mn or any combination thereof;

M*is Se, B, Ga, In, or any combination thereof;

M is Si, Ge, Ti, Zr, Mn, V, Nb, Ta, W, Mo, or any combination thereof;

M®is Bi, Sn, Sb, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu,
or any combination thereof;

X is F, CI, Br, L, or any combination thereof;

O<a=?;

0sbh=2;

0=,

048,

O<e4:
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conpounds (% Peak wave | ength of | ead/ copper doped materials (nm
Peak wave length of materials w thout |ead/ copper (nm CuSr(PO ) C
0.024.984 3 : Eu 360 - 410 101.5 450 447 Cu. My BaP 0 020.827 : Eu,
Mh 360 - 400 102 638 635 Pb Sr PBO 0.51.51.840.16 : Eu 6.84 360 - 400
102 425 420 8.1 —yé Ba (P7 Si) 0.50.52 0 : Eu 28 360 - 400 101 573 570
Cu Sr (P, B) $=59.5624 O : Eu 2 360 - 410 102 460 456 Cu Ba Sr PO

028,
0<h=2;
1=2;
155,
1= =<2; and
1.

4. The light emitting device according to claim 1 or 2, wherein the phosphor includes a
compound having formula (2)

a(M'0)-b(M%0)-c(M*X)-4-a-b

-c(M>0)-7(A1,03)-d(B,03)-e(Gaz03)-f(S5i0,) g(GeO2)h (M4x0y) (2)

wherein

M is Pb, Cu, or any combination thereof;,

M? is Li, Na, K, Rb, Cs, Au, Ag, or any combination thereof;

M is Be, Mg, Ca, Sr, Ba, Zn, Cd, Mn, or any combination thereof;

M*is Bi, Sn, Sb, Sc¢, Y, La, In, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu, or any combination thereof;

X is F, CI, Br, L, or any combination thereof;,

(<a<,;

0b=2;

0==2;

0=4;

0=4;

0=f«;

04

O<h=2;

1=x<2; and

15,

5. The light emitting device according to claim 1 or 2, wherein the phosphor includes a
compound having formula (5)
a(M'0)-b(M?0)-c(AL03)-d(M*,03)-e(M*02)-f(M>,0,) (5)
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0.536.5634 (F,Cl), : Eu 360 - 410 102 443 442 Cu(Ca, Sr, Ba) 0.054.95
POCl : Eu, M 312 360 - 410 101.5 438,641 435,640 Pb Ba PO : Eu
0.12.928 360 - 400 103 421 419 [1731Meanwhile , the phosphor of the
light emtting device consistent wth this invention can conprise
alum nate, silicate, antinonate, gernanate, phosphate type chem ca
conpound, andB$F" conmbi nation thereof. [1741Fig. 6 is a one of the
enbodi nent' s ROy Lhg to the invention, which the
phosphor is 3@2%%?6?91ﬁgﬁﬁkgﬁghgﬁ§?Pﬁthdevice, The enbodi nent may
have a | i ghtM¥isiBe; Myg Cdj Sigl BayZa,iCd 0fm wr way edrebigatioretherebfe  phosphor
which is mxtuyye of the selected nultiple.chem cal conpounds in
proper ratio: TﬁéhﬁﬁangBWuﬁﬂyn BHEEH%5§%% of Cu0.05 BaMy Al. 16 0

Eu whi ch may \ree; Reak Wavak epahi cahbiabeed tndrednm Cu 1. 95270.03 Sr 5
Ca 0.47 SiO4 :_ Eu which nmay 'have peak wavel ength at 586nm Pb Ca Sr
Sb 0 0.0060M’ DBIGHR Sb, Sc,Nade, GityiPrNdeRm. Him.eE 1 Gk ThaDgl BovdirhTat Yb, Lu,
about 637riqbgﬁbt5at%n S Zr 0 0.151.840.0!0.990.01 4 : Eu which may
have p@aRMNESPRPEAYTH %% r ound 512nm and Cu Sr Al 0 : Eu 0.2 311425
whi ch may haygegpgak wavel ength at about 494nm [1751ln such an

enbodi nent, part of the initial about 405nm wavel ength em ssion |ight
fromthe |igft®&kitting diode is absorbed by the phosphor, and it is
converted tookggger 2nd wavel ength. The |'and 2"d light is m xed
toget her and ‘the’desire em ssion is produced. As the shown Fig. 6,
the |ight emQi<ikng device convert the 1' UV |light of 405nm wavel ength
to wide spectral range of visible light, that is, white |ight, and at
this time th&%&:or tenperature is about 3,000K and CRI is about 90
to about 95. 4L¢46] Fig. 7 is another enbodinment's enission spectrum
according to the’invention, which the phosphor is applied for the
light emttingkd&wnde. The enbodi nent may have a light emtting diode
wi t h about 4?5ng%mavelength and the phosphor, which is m xture of the
sel ected nuItF% chem cal conpounds in proper ratio. [177] The
phosphor is conposed of Cul)o5SroCa0. 75Si &4 : Eu which nmay have peak
wavel engt h at about 592nm PbO0. 1Ba0. 95Sr 0. 95S i 0. 998CGe 0, 00204 Eu

whi ch ey hdbhe lightkmitangevrieg dccatdinghtouclaibp ¥iom2, whare@ue phospho0 028des a
BaOA48SI A Cd,, Eu e have peak wavel ength at about 557m [178]
I n sucﬁogﬁogﬁggﬁﬁﬁgﬁp?gﬁggy of the initial about 455nm wavel ength

em ssi on |1 gBiMiopBRITG) LOATK) ST, 0) RAMALOY IS, G ssisyl HvI‘Idg
phosphor, and it is converted to | onger 2" wavel ength. The |' "and 2"
light is m x&heredyet her and the desire enission is produced. As the
shown Fig. 744 | A 1 ¢ hi-ng. Lce.convert the 1' blue Iight of
about 455nn1a%&gﬁ%ﬁégﬁi?gﬂﬁ#@%&§5%§¥?g range of visible |ight, that
is, white |i diitis BansigaCaf$y BatZnyeCd, ven, ooy conthinstiontthereof: s about

4, 000K to about 6,500K and CRl is about 86 to, about 93. [1791The
phosphor of Mds g Kekibe 5y, PE anaeddhiimtioy thereehe i nvention can
be applied b LRyl 1 .m xture of plurality of
single cheniégﬁgg%é%%gﬂgﬂgggkoegﬂgﬁgpgﬁg%ginents inrelation to Fig.
6 and Fig. 7MWkiGehVaNe BxPl, Madl, ZbHber ahg 80hBinaterdihergofio t he

anper ot ure. SEOBELSTBBBSER. bk F6 a8 15 BBGIS B . Vo, Ly

Superigfm%f&gmmﬁ&RQQB&ngindeX more than about 94 can be realized by
usi ng the 1ead and/ or copper doped chenical conpounds containing rare

eart h el emensis F, CI, Br, I, or any combination thereof;
O<a<2;
0<b=8;
0<c,
0d=;
=2,
26



I ndustrial Applicability [1811ln such a wavel ength conversion |ight
emtting device is capable of applying on nobile phone, note book and
el ectroni c devices such as hone appliance, stereo, telecomunication
products, but also for customdisplay's key pad and back |ight

appl i cation. ggreover it can be applied for autonobile, nedical

i nstrunment a®@& &1 uni nati on products. [182] According to the
invention, itydyy@lso able to provide a wavel ength conversion |ight
emitting device w'th stability against water, humdity, vapor as wel |
as other pol &hsgl vents. (1831In the foregoing described enbodi nents,
vari ous featg:ss are grouped together in a single enbodi nent for

pur poses of st n1|n|ng the disclosure. This nmethod of disclosure is
not to be intiegpseted as reflecting an intention that the clainmed
invention requires nore features than are expressly recited in each
claim Ratherl=<&% ande following clains reflect, inventive aspects lie
in less than E% features of a single fore90|ng di scl osed enbodi nent.
Thus, the foII ﬁ?ng clainms are hereby incorporated into this Detailed
Description of Enbodi nents, with each claimstanding on its own as a
separate preferred enbodlnent of the invention. Cains 1. A light

em ttl ﬂg de\ﬂ?@élghbglﬁﬁﬂn&ﬁﬁ‘gee according tooptpint i 9y 2d Whasichisfphgenhes incdudes a

em t ﬂﬂﬁ! sphor configured to change a wavel ength
of the ?H%’R]fl Vmgpﬁ?gg% r substantl ally covering at |east a portion

of the Iight agviO¥BMEO) odB2X)-d(Sb,0sMEEa)fMhe, phosphay i ncl udes a

| ead and/or cqpper and a rare earth el enent and/or other | um nescent
ion. 2. The“ﬂWﬁ%@ enm tting device according to claim1, wherein the
phosphor congﬁu§9ﬁ @€ hﬂytﬂﬁgﬁw&gp&@kﬂfng | ead and/ or copper, a
silicate contalnlng or copper, ‘an antinonate containing |ead
and/ or copperM 1aIgé‘ﬁm£r;:BtbeCspma&guongnye:anblamtdﬁnhelemﬁ;per a

gennanat e- si nta d/ or copper ohat e

cont ai ni ng | é@l ?ﬁd&%r E@U%pgg i"(‘3?’dda » Ob A ﬂ‘ot“htg 3. The
light emtti Wﬁ%\{'S}PS@WQIadPP@nK Qiuc'rﬁ'mJGd)ror 3ny Wlﬁ&t[bntthé'eﬁﬁosphor
i ncl udes a conpound having formul’a (1) b("M2

0) . c(MeX) . dARRBTF, ELNBD, of MIPCOBRbInEtEL tbpl)eof;( I\/BxOy) (1) wherein ML is
Pb, Cu, or a§¥ ggnbination thereof; M2 is Li, Na, K Rb, Cs, Au, Ag
or any conbi Hatton thereof; MB is Be, My, Ca, Sr, Ba, Zn, Cd, M or
any conbi nat ipegp<t;hereof; M4t is Sc, B, Ga, In, or any conbination
thereof; Mbis Si, G, Ti, Zr, M, V, Nb, Ta, W M, or any

conbi nati on Qﬁ%ﬁ%of M6 is Bi, Sn, Sb, Sc, Y, La, Ce, Pr, Nd,
Pm Sm Eu, Dy, Ho Er, Tm Yb, Lu, or any conbination
thereof; X |s ’CI Br, I, or any conbination thereof; 0O<a 0 A) sg;

O<e A CTB&égQ<h A, | SD A, 143; 1 Aand | A 4.The light emtting
device according to claiml or 2, wherein the phosphor i ncludes a
conmpound havpﬁ§g$ornula (2) a(MO).b(M20).c(MX).4-a-b

- ¢(MB3O) . 7(Algg§g2q&§203) e(Ga203) 1(Si 02) - g(Ge02) . h (MAx0y) (2) wherein
M is Pb, Cu, or ‘any conbination thereof; M2 is Li, Na, K Rb, Cs,

Au, Ag, or anhysbnbination thereof; M3 is Be, M, Ca, Sr, Ba, Zn, Cd,
Vnh, or any conbination thereof; Mt is Bi, Sn, Sb, Sc, Y, La,
In, C Pr, Nd, Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb, Lu, or any

conbi ngtion T%Q@{gﬁpémltﬁﬁlcg e fce egcorcﬁ'lg to clalﬁ{ 1 %92 @H&%ﬂrﬁﬁ% 'pﬁﬂsp]:hB? frft’:mdes a
O<a A, o Ap A O<h A and’1
l'i ght SQN@DWH§RGH@NbHWd@¢HﬂdIng to cIa|n1I or 2, mhereln t he phosphor
Includes a  \i10)ybM%,0)-c(M2X) dGeOs e(MP0) FM*405)-8M%:0,) h(M0,)  (17)
wherein
M is Pb, Cu, or any combination thereof;
M? is Li, Na, K, Rb, Cs, Au, Ag, or any combination thereof;

M is Be, Mg, Ca, Sr, Ba, Zn, Cd, or any combination thereof;
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conpound having fornula (5)

a(MLO) . b(M20) . c( Al 203) . d(M3203) . e(M402) 1( MBx0y) (5) wherein ML is Pb,
Cu, or any conbination thereof; M2 is Be, My, Ca, Sr, Ba, Zn, Cd, M,
or any corrbi nati on thereof; M3 is B, Ga, In, or any conbi nation

t her eof ; 4S| or an conblnatlon t her eof ;

V6 is Bi, 305?35 v\f I:%zzéfbén 5Ny REMOIBHOHCTR,  Gd, T, Dy, Ho,
Er, Tm Yb, @, B, MR R8B! TRW INIE! & Qhy cBinBinatin tidforS 13, 051
0<f 1S ang‘lflS "I:ﬁ [1ght emtting devi cecacci)nradll ng to claim1 or
2, wherein t M s sPhdr, Smdiw duk Dy, comycoenditesien teeréadr nul a (9) a( MLO)

ke o LS E R YR e Ay PSR R LERORD | 988 O Y VReretn

Zn, Cd, M, @raany conbination thereof; M3 is Li, Na, K Rb, GCs, Au,
Ag, or any conbination thereof; M4 is AI Ga, In, or any conbi nation

thereof; Mp 0sb&h, Vv, Nb, Ta, W Mo, Ti, Zr, Hf, or any conbination
thereof; %ﬁ is Bi, Sn, Sh, Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu,
Gd, Tb, , IQG(G , Tm Vb, Lu, or any conbination thereof; X is F,
Cl, Br, I, op<ary;conbination thereof; 0< a b sS; CS-c; 0; o; OO0;

O<h 1 11 and 1 7.The light emtting device according to claim1 or
2, wherein tR&pHosphor includes a conpound having fornula (14)

a( MLO) b(MZZOb g4MeX) d(Sb205) . e(MB0O) f t hex00(14) wherein M is Pb, Cu,
or any comnbi na |oh thereof; M2 is Li, Na, K Rb, Cs, Au, Ag, or any
conbi nati on ORgrERf; M3 is Be, My, Ca, Sr, Ba, Zn, Cd Vn, or any
conbi nation thereof; M4 is Bi, Sn, Sc, Y, La, Pr, Sm Eu, Th, Dy, ,

or any conbi Rt S6n thereof X is F, C, Br, I, or any conbination
t her eof ; 0<a1%,0<d S8; d s8; 0 land
15,
1=x<2; and
15,
9. The light emitting device according to claim 1 or 2, wherein the phosphor includes a

compound having formula (20)
a(M' 0)-b(M*,0)-c(M?X)-dP,0se(M>0) fiM*03) - g( M°02) - h(M%0y) (20)
wherein
M! is Pb, Cu, or any combination thereof,
M? is Li, Na, K, Rb, Cs, Au, Ag, or any combination thereof,
M’ is Be, Mg, Ca, Sr, Ba, Zn, Cd, Mn, or any combination thereof,
M* is Sc, Y, B, Al, La, Ga, In, or any combination thereof,
M is Si, Ge, Ti, Zr, Hf, V, Nb, Ta, W, Mo, or any combination thereof,
M?® is Bi, Sn, Pr, Sm, Fu, Gd, Dy, Ce, Tb, or any combination thereof,
X is F, CI, Br, I, or any combination thereof,
o<a=l;
0<b=2;
0=<6;
0<d=3;
0= <5,
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1 fl 8 The light emtting device according to claim1l or 2, wherein

t he phosphor includes a conpound having fornmula (17) a(M I

0) . b(M220) c(M2X) dCGe02. e(MBO) f (MA203) g( Mb00) 1( M6x0y) (17) wherein M
is Pb, Cu, or any conbination thereof; M2 is Li, Na, K Rb, Cs, Au,
Ag, or any c%ggination thereof; M3 is Be, My, Ca, Sr, Ba, Zn, Cd, or
any conbi nati Ssbhereof; Ml is Sc, Y, B, Al, La, Ga, In, or any
conbi nation fhgeeof; Ms is Si, Ti, Zr, M, V, No, Ta, W M, or any
conbi nation théreof; M6 is Bi, Sn, Pr, Sm Eu, Gd, Dy, or any

conbi nati on OsbeZof; X is F, C, Br, |, or any conbination thereof;
O<a 0 Szi CSﬁz 0<d0O;, 04; 0 S.4; O0; 1S1 SD; 1 Si and 1* 9.The
light emtti égaéiPée according to claim1l or 2, wherein the phosphor
includes a cqmpesind having formula (20)

a(MLO) . b(M220) c( MX) dP205. e( M30) . f(M4203) g( M02) h(M0) (20)
wherein M is Pb, Cu, or any conbination thereof, M2 is Li, Na, K

Rb, GCs, 4Au, . Y- i o) r , i ; , I

o Ga O, TE% s <BBaE TS AR PbF <Rl 1 4P 3, FnRin ¥ grisfnoring s
I'n, or oadyr ﬁﬁféﬁiﬁ%bb@rﬂpbﬁ‘rﬁl@@@ﬁny dmbisatiin théeof. Ti, Zr, H, V, Nb, Ta,
W Mo, or any conpbination thereof, M6 is Bi, Sn, Pr, Sm Eu, Gd, Dy,
Ce, Tb, or any conbination thereof, Xis F, C, Br, I, or any

I
conbi ngti on f s 2; - 0<d,. T i a1t .
devi ceeigfccorr%lllg ﬁfgg%? oemclﬁg%m@él%’l%r acfgmﬁ\j\%é?%iqlnal?h%%ﬁ hzosp HS’? QBfrlljg ﬁgilcri‘gsd (Q)%démg
or nor enadrind kenfigurabtonaseothe dight anitthighdivideand the phofphod Iwhefdie tHe ghokphor
emtting, deyice according to.claiml or 2 further conprising a
seal i n¢® ‘i’fﬁﬁ"é]’lfeglm %W%ﬁlﬁr“éﬂe?'ﬂ' cover the light emtting diode and the
phosphor, wherein the phosphor is distributed in the sealing
material. 12. The light emtting device according to claim1l1 or 2,
f ur t hed2confihedight) emittiag |Idevice mccodingguraaint b ared, [fadhert doenprisgigt a feflactor

the light.emttin i,ode. . 13. Th ight . .em.tting device according to
claim %O%ﬁg”ﬁ?& tl"JFﬁﬁ‘gttheglb‘%%}‘l{’g} %G%glﬁg %?%tl’rﬁn‘}l? ‘of |eads; a diode

hol der provided at the end of one of the plurality of |eads; an
electrically conductive device configured to connect the |ight
emttiAg di \é"(lié light ¢migting devicegecarfingb¢ olaim iltoy Zofurthemesupriging: ei n t he
light emtting,di ' yrovided in the diode holder. 14. The |ight
emtting dev?%éurig%g%rfaﬂlsaﬁg toclaim1 or 2, further conprising a heat
sink for radadidddoldeephratedfiat tidehbef bh@bit the piurdlitn of adde.

an electrically conductive device configured to connect the light emitting diode with
another of the plurality of leads,
wherein the light emitting diode is provided in the diode holder.

14. The light emitting device according to claim 1 or 2, further comprising a heat sink for

radiating the heat from the light emitting diode.
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