WD 2006/ 068359 PCT/ KR2005/ 002332 Description LI GHT EM TTI NG DEVI CE

Technical Field [1] The invention relates to light emtting devices and nore
particularly to | |9h emtting devices including at |least one light-emtting
di ode andvBRH¥MBIY t he phosphor including | ead and/ or RETPBBROVEBHE]E cheni cal
compounds and convening the wavelength of |ight. Background Art [2] Light
emtting devices (LEDs), which used to be used for electronic devices, are

now used for autonobiles and ill Lpésghl.mwﬂduct s. Since light emtting
devi ces have superior electrlcal ani cal characteristics, demands for

l'ight emtting devices hm ctlontothls, interests
in white LEDs arc increasin §'as an “alte ng‘? IQEYZ uorescent | anps and
i ncandescent | arrps [3] In LED technqheﬁmcal Fallgtion for realization of white

l'i ght proposed vari ousl alizatjon of white LED technol ogy
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phosphor, erts the wayv

551 05078 and s E5T E54 8500 MY St i ginl SRR o BRI B 1 capabl o
of emtting sapeakgthalbgkngth at 450-490 nm and YAG group material, which
absorbs light fromthe blue |ight e '.ttirlg di;ode, and emts yell ow sh | i ght
(rmostly), which may have different &'fiﬁa omthat of the absorbed
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feeling coul e’ Tea reover are
arc usual | y altenalbiegtoilhiordsecidarnaps dndapmndg‘rccmollialms solvent, and this

unst abkeness M 1989 RENRABDOCS L AF LA NRNARH & ;%/r%bfg%ﬁvglous ite LED

Di scl osure of Inv i on ni ca robl em Accor

i nvention i sl\b@méléy, edizavo of vhite hEDApgmetagytis tnpw lhq)plubpbwson the dight- prl or
art. It is anafheafode! ax{dhﬁlxpdh@@ﬁ )!&M%?Joh Pt fhehl, r%q}véﬂﬁu hoﬂ@tcmd tting

devi ce capable of “provid g rang or tenperatu rom about
2, 000K to abétRongayGOKs PN HpBUHC RI0sOBOK WRidY wnvers] b “rdéﬁlaégqhnﬁonmwk@f

greater thang,s Rk ind0 €8/05078 and WO 98/12757, use a blue light cmitting diode, which is

capable of emitling a peak wavelength at 450-490 nm, and Y AG group matcrial, which
absorbs light from the blue light emitting diode and emits yellowish light (mostly),
which may have differcnt wavelength from that of the absorbed light

4] However, in such a usual white LED, color temperature range is narrow which is
between about 6,000-8,000K, and CRI (Color Rendering Index) is about 60 to 75.
Therefore, it is hard to produce the white LED with color coordination and color
temperature that are similar to those of the visible light. It is onc of the reasons why
only white light color with a cold feeling could be realized. Moreover, phosphors
which are used for white LEDs arc usually unstable in the water, vapor or polar
solvent, and this unstablcness may cause changes in the cmitting characteristics of
whitc LED.
Disclosure of Invention

Technical Problem

(3] Accordingly, the present invention is conceived to solve the aforementioned
problems in the prior art. It is an object of the present invention to provide a light
emitting device capable of providing wide range of color temperature from about
2,000K to about 8,000K or about 10,000K and/or color rendering index of greater than
about 90.



WO 2006/ 068359 PC f/ KR2005/ 002332 [ 6] Anot her object of the present invention
is to provide a light emtting device Bn which desired col or tenperature or
specific _col or coordi nati on can he easily enbodi ed. l) An addl ti onal object
of the pPrEsERY8R ention is to provide a light enittingPHERRRENIR2i npr oved
| um nescent properties and also with inproved stability agai nst wat er,

hum dity as well as other polar solvents. Technical Solution [8] V\avel ength
conver[§3/on | i ghmother pbicaipidbe presensinvepiovisde grovide ohghtembtithigraentce izonsi st ent

Wi th this inygpg H@é?ned%oﬁﬁ\{érﬁﬁerht%reo&o%baﬁQcJ)l%Fc@dfdfnrah&gcid S asily %b@&%hce can
i nclude. a substrate g ura | ectrodes provid %e substrate, a
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to change a vvavgl en th of the [ t he phosphors substantially covering at

| east a por tUGHAEY a W@lllaﬁ gier & ’Eq YFQ“%M ode, and an electrically conductive
device configured to connect the | ehnidl Soli@os! ode with another of the
plurality of electrodes. [91 In another emhodi ment consistent with this

i nventiBbn, a | Waveleagih qanvgrsigaisheemiing fdrdrqde Psovidssy 2 prgeBbodipgats | a

di ode hol dercakiehcemh atis tdwem&md aQifev@ees ;%vﬁde@fcm dﬂ[ﬁl&ldgtl}’ght Ofhdl Rashe can | | ght
emtting dloelﬁrowdedln L%el dleh der, é g emttllnﬂ di ode
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wavel engt h afioddenfigugltio ehhtdlgdﬂaﬁ@hQMtS:tmuth(hﬁHG wdihy preeikdion®nabf ilrast a
portion of t emt n.electrica t|v devi ce
configured th urahﬂﬁdgt etleCtrﬁ) gﬂ%p Ctofl { g regg h‘l%e\%ﬂﬂekﬁé&hhgqgc g]}l 2‘
plurality ofphoepluss sul:[staﬁ]lalllmcmunbar leemaqnbrmmmf tbo hghtstneittingdiode, tahd sn

i nvention, i nk at

| east parti Zﬁ%dtg&md%&%m dgﬁl\éé Egnﬂg@/ed eork%ﬁ%?é IE@‘%M&P%?ﬁ r%%l}rrés provi ded
on the heat @DerQtﬂelpéwh@mfteﬂﬂCHgdm ode mounted on one of the plurality of
| ead froames, PROSRNGL rsen%ratmeﬂ CBAILEGRANAR v U] §ﬂgﬁlh1]n(ﬁttfﬁgrfavidcgzgﬁ the

phosphor s substantla caoveri ng east a portioh o
di ode, and dnclude e@iwle:laquiﬂdébnad@ﬂfz\heldaemoweé@hmegaﬁ@&0%0& ﬁrﬁ’étf@hlb/he Ilght

emtting di afqca, biighP@RieS didfic bRRidU YR Bd dléfd@ﬁolh&a%efﬂgﬁr@[ﬁtttuﬁé—éﬂodg he

phosphor in con3| st ent th this invention y ude al um nate
1}4 ‘ﬂ”@é
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anti ni onat eShght|tﬁéﬁh@d}bﬂb@rsuﬁﬂmﬁﬂly@@@@d]ggcﬁﬂdmﬂ@p@ﬁon loe &t 1amdE@iigeaRAE; doped
germanat e-si |l 1 cat
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provi ded. Desth apdthedvfahe QmaamylgmebdsZ] Further as pect S of t he i nvention may
R A R g T T e S S M
char act er s rietledc adolisikg, adaat sink hrloany ipewsitally @rrdndemi m/hhcclmusmg, a plurality of
lead frames provided on the heat sink, a light emitting diode mounted on one of the
plurality of lead frames, phosphors configured to change a wavelength of the light, the
phosphors substantially covering at least a portion of the light emitting diode, and an
electrically conductive device configured to connect the light emitting diode with
another of the plurality of lead frames.
[11] The phosphor in consistent with this invention may include aluminate type
compounds, lead and/or copper doped silicates, lead and/or copper doped antimonates,
lead and/or copper doped germanates, lead and/or copper doped germanate-silicatces,
lead and/or copper doped phosphates, or any combination thereof. Formulas for
phosphors consistent with this invention are also provided.
Description of Drawings
[12] Further aspects of the invention may be apparcnt upon consideration of the
following detailed description, taken in conjunction with the accompanying drawings,

in which like reference characters refer (o like parts throughout, and in which:



3 WD 2006/ 068359 PCTI KR2005/002332 1 131 Fig. 1 shows a side cross-sectional
view of an illustrative enbodi nent of & portion of a chip- type package |ight
emtting device consistent with this invention; 1141 Fi

id
cr oss- se®™Q Y48} %w of an illustrative enbodi nent of agﬁaﬁff’ﬁ?f"“"&?”a ©

| op-type package light emtting device consistent with this invention; [15]
Fig. 3 shows a side cross-sectional view of an illustrative enbodi ment of a
portioh3lof a IFagrp-shyppe apadaciges-deridonal giem afiangllavrative cobadimemnenf a pprtipnt hi s

i nvention; [éfﬁalchbgypegba%i@%@%g@lt éﬂnﬁﬁn%ﬁ@ﬁ& &ﬁlﬁﬂeﬂf‘@'uh\{hn@%v%ﬂéﬁl illustrative

enbodi nent of ort mtting device for ower consi stent
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iI'lustrativeofenipady f_[seegsackgge ﬁgmréamllng@e%c é‘oﬁsﬁﬁéﬁt vﬁthsHﬁgcrml%W ce for high
power consistent with this invention; shows em tting spectrum of
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i nventi on: a(ﬁ[dai[&ﬂil;)%pEb@kaZe ﬁ@m\/@smamgtdemg cepeatmumiohid eedticght em tting
device with | um. nescent terial acc t .. anot.her n?odl me€t of. the
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conver si on Imfghhghimﬁlttinggiedemf@mysmxg@d@gsﬁst@nwb\eltmmt givegdod;n detail, and the

R LN T e T e
si de cross- spwtiponbhi hghleammingah:wdeltuslmghtpnwer ambsdintrenth (oifs iqunooml on of a
chi p- tk’%ﬁ pa“%@gé h%Ws eﬁmtfn% P&lﬂgﬁbﬁfhgﬁ%ﬁlﬁ chtw*l H ‘i}hﬁn sygntion. The

chi p- e pack Vi ce“nay conprise a eas one |ight
emtting di o@elcaﬁhccmsm@hwphcblmegrwntmtswnétance . Electrodes 5 may be formed

on bot fyggi des Qfl% S?‘%%Ws%hﬁuﬂ% sg&dtﬁm oﬁ%qlﬁh%ﬁﬁr%d@ev%ce\mtﬁ Mrﬁﬂescbﬁht may he

mount ed on one l'ectr emtting d 6 may he nounted on
el ectrode 5 MACHAbgrcarding M%lalheye@bﬁ@m@m ethp Haieation, An eI ectrode of Iight
emtting diodc 6 nay be connected to %%qq\ggg@ pattern 5 via an electrically
conductive wire 2. [23] nght emttin es may emt light wwth a wde
range BX0lwavel &?@@M§ thﬁf yracheddnping, ﬂ"r@rweiﬂn@fwﬂdﬁlétonl ligjlht‘—mﬂtﬁng'ﬂsvlmlé li ght.

In one embodj g Iggio s@aanﬁh@dﬁﬁl d’é‘,’latlhaﬁ(ﬁ‘lh% hg'hf‘é’ﬁﬂﬁf He\uﬁeosp Mgﬁ&spﬁa} aﬁc' ng diode

and/ or bl ue t emttlng di ode ‘may be “use. )
phosphor esceffPagiy eaMaiae @fr?&‘}m%%oﬁleé%lé@t&ﬂ aﬁﬂﬁ’éot“bp and SI de faces of the

| i ght pz’[l]ttl ng (glg(pldgmﬁtmgﬁg\,@é)osphor in consistent with this invention may
i ncl ude | ead and/or copper  doped al um nate npoun | ead _and/ or copper

yp
doped %l i cat &d& | %@&SMWOWWM&%M‘%&'ﬁHﬁf?é&Vegm oflizagnt ghaPeioRopper

doped ger manat £&hip- thﬁaqihcaﬁgﬂl@ght empd n%ddﬂpce@brgmmmahmhmabﬁsrhd ei@g- and/ or

\(/:vg\pl)gﬂang? Eeg'r p? %3& ﬁ,ghlfer%ng vice may comporlpseth crdgtoone hgtpn iting 31088 T A ts the

phosphorescent substance . Electrodes 5 may be formed on both sides of substrate 1.
Light emitting diode 6 emitting light may be mounted on one of the electrodes 5. Light
emilting diode 6 may be mounted on electrode 5 through electrically conductive paste
9. An electrode of light emitting diode 6 may be connecied to electrode pattern 5 via an
clectrically conductive wire 2.

[23] Light emitting diodes may emit light with a wide range ol wavclengths, for
example, from ultraviolet light to visible light. In one embodiment consistent with this
invention, a UV light emitting diode and/or bluc light emitting dicde may be use.

[24] Phosphor , i.e., 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 compounds, lcad and/or copper doped
silicates, lcad and/or copper doped antimonates , lead and/or copper doped germanalcs,
lead and/or copper doped germanate-silicates, lead and/or copper doped phosphates, or
any combination thereof. Phosphor 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 visiblc light range after the conversion. P



light emtting diode 6 to another wavel ength or other wavel engths. In one
enbodi ment consistent with this inventdon, the light is in a visible |ight
range af (ir) LOBF cg?versi on. P4 WD 2006/ 068359 PCT/ KR2005/ 002332 hosphor 3
may be aég PEEE™ i ght enitting diode 6 after mixing pHe 050053 a
hardeni ng resin. The hardening resin including phosphor 3 may al so he applled
to the bottomof |ight emtting diode 6 after m xing phosphor 3 with

el ect ri cal | yhesphau friayde agpaledtogight omjitimg diodp Grftepmixing phosphotd wéthrrount ed on
substrate | Hmefhﬁ%z&?ioemewaﬁdanm@%m ifeRUcng E}%Fh&% ma% %fsb%lg%g%@ed tﬁmﬁphor 3

may be placed on t and side faces of Phosphor
3 can al so hBOWRef i %t“é‘%)‘“}"l& qipe @éﬁﬁéﬁ‘éwgﬁ@ﬁ Py 3rf’h1tﬂéf5]|eﬁtlf 1caliyeondych vee

producti on. 9a manufacturing nethod is described in U S. Patent No.
reference in |ts entirety. [26]
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h d
e 531 on peak 35, ¢8x - AIPILAN ARG dATLDARIRIGh |, 9N emEting device

6 rece{dfds pomé?thfsplmman@ovmnpmqﬂmdyandm:e:opparrdapc;d theghital ctoh@numt(y) stimulate
phosphor (s) gy, grp Qﬁi@?écsane%r ar ﬁ%}/ceﬂltcglﬁpd?ﬁg&gg@r{% 'Hl? a light

with [onger wav engt a secon rimary t fromthe
light em tt?@igpw@dé%hcafﬁcantqﬁésss@b yf%r pwple,rfmmtdh@ut;%@smhorabog are
di f fused andS@Ur%@QrorﬁQB&It%DnéQotaB@Jt 5@0%9&%&%%8&0'38@%% mbm'n' BRdsphék
visible spectrummay be emtted. from ght emtting diode 6, In ong

enbodi ment c%r‘i%‘iyslf“élHtjc AR Pr fflﬂliCsSH}&%Q/@fﬂﬂbPB?{S Woich ‘Hdﬁéﬁwe éﬁémllﬁstj?ﬁ‘tpeéﬁ?l% %% ng
di odes t hat b@ymlmiﬁ(ﬁeent em ssi on peaks can be nounted together. Moreover,
ro erly, specific col

if the xture ratio, of phosphors is o]

li ght, [ﬁ&ol or BRI teﬁﬁ@“éﬁﬂ‘&%%&&é&ﬁ 8% 1°dF§8‘Pa>A§mHé’§'éIi‘4rbéaﬁ‘above
if the light wﬁﬂ‘mllghtr@md[rigdﬁo@c @ruieivhep@\ommmd poRek tepdly. iThe ppivgpmight 3 are
properly con oIIed th swe& cg or, }1 r}% a)tﬁre or Spe g} i.c coLor co-
ordination c ﬁgé? ORbIBHE) &ian¢ PRGIPRErG)chiady 5P st GF PrigrRetEitPe, for
example, fr arhnghtb&ﬂh lcﬁ;g@f)@&vctlm@lb(@h(ta s8¢ EHAAK lcghl)affdmtpnh&,rpﬂgﬂﬁ feord Alger ligho or
rendering in Le t he h mttl

devi ces cons?rg)“1 dm%{: %trhﬁlthé &l%ﬂ[@(ga?fi{%lﬁt%on%m?%eghog a"f?* Al ﬁh“lu??c% mH‘Sf}l ces
such as honetagethcr samthets pedleicsoimed colet e&l@ghmm visHt¢ spectiemi masbe andteﬂcb'rom

i nterior/ext @éf#}t?{ngﬁ}f%a(ﬁgaeld% gﬁ'oﬂé’ %mbggﬁ?‘nem Affsisi AT idhl (g 19&‘6&1@%&%@1’?&1“ ent

with this in use or aut onobi | es and um nat1 on
products bec angbghth‘@yttm@owm thit hpyedilfeesnbemissivp e aksutaadcanelnGr) together.

Moreover, if the mixture ratio of phosphors is adjusted properly, specific color of light,
color temperature, and CRI can be provided.

(28] As described above, if the light emitling 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 ol color temperature, [or example,
from about 2,000K to about 8,000K or about 10,000K and/or color rendering index of
greater than about 90. Therefore, the light cmitting devices consistent with this
invention may be used for elcctronic devices such as home appliances, stereos,
telecommunication devices, and for interior/fexterior custom dispiays. The light
emitting devices consistent with this invention may also be used for automobiles and
illumination products because they provide similar color temperatures and CRI to
those of the visible light.

[29] 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



those of the visible light. [291 Fig. 2 shows a side cross-sectional view of

an illustrative enbodi nent of a portiom of a top-type package light emtting
device consistent with this invention. Atop -type packa light emtting
devi ce cOHRPYWOAM3SNith this invention may have a simlaf ¥H3832068359

PCT/ KR2005/ 002332 structure as that of the chip type package l'ight emtting
device 40 of Fig. 1. The top- type package device may have reflector 31 which
may reflect sthustureghthat pbetchi typgpackagmiightienyttidigsdeics 4 of e 1d&ke rtep-

direction. ﬁ%}:g éggﬁev&é/ﬁﬁg@l%@é(ﬁﬂl%cllok Pl HRH by Pﬁ‘l‘lh?@h(sﬁlomqpé geflhan one

light emtti can mount ed. Each of suc emtting |odes may
have a di ffe?@ﬁtlng)é@ﬂe O desige Hireqtiom t hat of ot hers. Phosphor 3 may

cormrlf wja pl urgldg xﬁwm@ 1egme9m9gla@acavs® hnaleftﬁﬁ{an:thma%ﬁgdnﬁ% The
proportion of each of such plurality of mpounds na ed. Such a

phosphor may BePpprRed kash Plﬁné“th 1%‘6 e’é‘l‘ﬁ‘ﬂ% Fjﬁ’ﬁes Elliab(}jé"‘a?lﬂyffﬁ’lrc BEdlor i y
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fully bel ow, the a‘ﬁl?rf{ ?fsngtcéjfg%'@lgfﬂﬁ%ﬁ‘hagronolgiaf vent i P%ﬁ%‘fﬂ@ de | ead

and/ or coppef°Bb
silicates, | ecadpcamdé ataydeppgrladochanthopghoanes, bel z@pdecanﬂhemgﬁmmaﬁngdoped

t , J d/ ..d d t
doped phosphdtBE ngprudyFRPREIILARER ATRFRRREmiler P S SRBT ene. “°P"
consi st ent wexpaibéd sornfudlythichv, thmmdsbkydfrtineﬂilsti‘ttémgwdet\hnscmmfumhmy fclpde | or

19, 2 can | nghUigorc SRERIORUIRNALE o BLGT RN, hayeyaRRdoheaL senduct | vity.

Such a |ight 'em easi edt e |ight
em tting di osiécatesy rh@adeafndm coppegIdt»p@mmltrmqmgtes,elvactesilcblmoppcrgivpp(b\gemnmgcshe
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Fig. 3 showsamy eqmlenmcms@e@et:u onal view of an i I | ustrative enbodi nent of a

portiomyjof a Ilaraaeteweda%keaelétérﬁmmqms lmeﬁaog% ﬁgh@é?ﬁnmgt@é%cevafmth' S
|nvent|on Lanp ght emtting device 6 veaﬁalr of | eads 51,

52, and a di Btﬁelr%%é%rz 38 I@Pdwd%«emc ?%Hatatwma "éfﬁ/d‘ddﬁ 268P¢ het gANAUS{ide hol der
53 may have gu&hapgh @fmlqluxg ,deaRd n¥ecadily dREIp&c it Oiat @8It the lighddRides: dod@y

provided in e ho nunber of light e di odes are
P ovi ded i n TRGelrodEmardGRe gemf'\éﬂehhl@%‘ PONERT v © AR el 1 &P
wavel engt h fpmmehaienaafth (li(hﬁditﬁl subBirat abé hemeronf (hkilight camiag didde diagde 6 My
be connected, ta Ite 52 ﬁ%’dt Pr exarrpl e, electrically conductive wire 2. [331
Regul ar vol uftss 18?e§ﬁ‘b°§%ﬁ F®%hi ch may he mixed in the epoxy resin, may he
provi dé3kli n di deg. ?nsﬂcdara 53e CIASS- &x&pbml REay oﬁxrremhstfatwlmihmdam@h@ﬁplpomoa may

i ncl ude | eag[‘ ?‘&géepo YH’S (iilg El?n Oer\]/(:r‘% c%gsl t%4 E@Ehegmvem’lont Ii?im% ty &

hol der may i
light emitting dev1ce 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 onc or
more light emitiing diodes 6 may provided in the diode holder 53. When a number of
light emitting diodes are provided in the diode holder 53, cach of them may havc a
diffcrent peak wavelength from that of others. An clectrode of light cmitting 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 epoxy resin, may be
provided in diodec holder 53. As explained morc fully below, phosphor 3 may include
lead and/or copper doped components.

[34] Morcover , the diodc 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 clectrode pair leads.

[36] Fig. 4 shows a side cross-sectional view of an illustrative cmbodiment of a portion
of a light emitting device for high power consistent with this invention. Heat sink 71

may be provided inside of housing 73 of the light emitting device for high power 70,



phosphor 3 may he scaled with hardening material such as epoxy resin or
silicon resin. [35] In one enbodi nent sconsistent with this invention, the

| anp type ackarge light emtting device may have nore than one pair of

el ectrodé""‘gé‘?oﬁm %38s. [36] Fig. 4 shows a side cross-se@GIINEI00Y9BHM20f an
illustrative enbodi nent of a portion of a light emtting device for high
power consistent with this invention. Heat sink 71 nay be provided inside of
housi ng 73 ofind ihenayibgparteniyteaxppsgdde vitsilef Arpalriafheaddwane 79 mag prav@d2de6n 068359
PCT/ KR2005/ OQ&%%Wd it my he partially exposed to outside. A pair of |ead
frame 74 may protTude from housing 73. [37] One or nore light enmtting

di odes(3dy be rdngrRredorgARhl emuting digdesrmay by monnted eing deaddeienaof4.apd anj ght

em tting di ogdgcfoRnd ROREHIMmiliRadiddeaEd holRY 118 fﬁw&ﬁg bY kBnneBle@GAd 1 cal Iy
conductive wre. Electrically, conductive pate 9 he provi ded between

.9 may )
light emittiP§CHFYHecHIYAivg wiie Bledfgallycontudivegshoray be pegyides btwe®d on t op
and side fapgs cafiningahédeemidd lehd rdin@de. Bhe pRARphdr Vma’ bs PRNEd 8n Spifd
Cross-secti ong(l_: vi ew. of another i]lustrative enbodi ment of a portion of a

Iight enittiHge ESEs elighy enpitigR consistent with this invention. [39]

Li ght m]lt ti Rg Hg\3 ﬂﬁmfsQl(rj si(ﬂu;j@bsﬂsmﬁdinﬁﬁiem&%’f dmavier ﬁﬁléﬁrhtﬁlga (ﬁﬁbod#ﬂ{bﬁtfbfrﬁayd g
contain ight .emtti.n iodes 6. 7, phosphor 3 arran on the top and side
faces of Iigﬂ?mogr# f‘thigﬂtgc%ﬁtérbgegcvréc,e for I?l@ﬁém&’lﬂr W&t%’zﬁgﬁsﬁpﬁkg"e@i‘?nﬁz and one
or nor B9ead frdpesnGding deheelfenitgh pawes8Ghaphyva easinges 3 owrh hapoomaipower
suppl i er and,.pay tr  from, housi,ng 63, ,[4 [ n e . light emtting

devi ces for Hg‘%ﬁlﬁg&l\ér&%,s 688’ I?hr? S@ﬁ% 3If’f(%llgﬁga.n g%j é[}]gJeé?p ?é}@gﬂﬁgagﬁ%fﬂfhg]g can he
added t o t hecipasogdiodts IV, vay obmopr liai siels htOReen! dreair rsdomkeaindanhdsgidt
emtting devi : [ i ] i a |light
emtting dev*irg(gi%gi gﬁ%ﬁg?%@%ﬁ%%?&ﬂ?ﬂﬁp@ F\Vraf hi ﬂlg%@g?n?lzgﬁf&@#é r[]c())?n nor e
| ight emittihepstizdes can he used sel ectively and the phosphor can he

regul a dep i : | 4 O it P : i-ped |y
et P A e i S B TR e sl L pP A
li ght enittiAganbeaddediipthapagie, poisdrmaobspreviiad baivern hpatsinkansiighén nay have

a radiator érﬂﬁfin%ﬁ&%ﬂs. AnehOhaBatomibinkd Sith MuEin®63a74.an may he used to cool
the radjator. [43] The, l'lgB%Yig"rsT}Oéy ng devi ces consistent with this invention

i s not [4llni t ed 1pg lighkeithip SRy capvyent W HE Ve Re PR ¥s can be
modi fied depgived Nghi@miltine didas caRbé BsddstieeSvady ahd Gltphesitor caghei-pdrsed
phospor e AL e L B B PSS Lo RS et Bt |
this inventi enyiisclade fead hodist coppdisdope®hompbian)s. [ 46] Phosphor in consi stence
wtht ?Aﬁ i nven};\ ili%Ht errr%?(tirilgn&!v'ijc%efolr f?gﬂ p%@%é %ns?s?c%)(\avrithqgi%%rq\/cntion may have a

radiator (not shown) and/or heat sink(s). Air or a4 fan may be used to cool the radiator.

[43] The light emitting devices consistent with this invention is not limited (o the
structures 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" 0)-c(M"X)-dAl O 1-c(M"'O)-f(M”" ,O)-gM™ DO p)-h(M'""' xOy)

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



chem cal conpounds. The phosphor may he excited by UV and/or visible light,
for exanple, blue light. The conpound 7aray include Alum nate, Silicate,

Ant i nonat e Ger manat e, Gernmanate-silicatc, or Phosphate tTy pe conpounds. [47]
Al uni nat V9 JWE0EHHounds may conprise conpounds having 6 Hﬁ?’é’“{/‘i‘)””( 2),
and/or (5) 148] a(MO.h(M 20.c(MX)dAI 203 c(M'Of(M" 2 0 3).g(M"" 00
p)h(M"" 0 xy (lI) [49] wherein M may be Pb, Cu, and/or any conbination

t her eof ; M' meye menovidend clethenWDIGEEBMPBSBE NaPET RKRZ6,04Y,002 38@/omane  nonoval ent
el ement s, I NG on

t hereof; M" £mﬁl§ﬁgﬁéﬁgﬁ}eéogrwam?éﬁ 8{3\8/21 é?\?oél%é\rr@%%[s ?&I?én?s fwdf@?yg % Ca,
Sr, Ba, zZn, €a, SrwBa AndlbMmrapdiosany pembioptiorhdersef; MK mayw’a@/omronereor nor e

trivalent el ﬁ[@[@n?eleﬁﬁﬁ(se%ﬁ@?ér_ﬁ_ples@e BBGaGPn ah@/or %%Sﬁéd?ﬁblﬂﬁ'ﬁ[o g%})f]%"”on

thereof; M"' , Qr any
conbi nat i on t“ﬁérbétﬁ Geyhiy Zr, Mﬁﬁ\bé\”& a, gfn (Slimd@é anycompinaggn thopeol )N P Sm

Eu, G&d, Th, lﬂﬁy bei®, ﬁi SbTBt, WtLa deUPr imﬂ/Pﬁf SﬂmEuCQiﬂbTBﬂD%%tli}GTﬁprb X may be
F, d, Br, and/ or g@% al¥ t here O<a< 2d0 52 0<d<8
O<e<4: O<f <3; ba /5 any babyife 5X1%%zf<b£ Zrtcl1 Bry> grid/on g Compinadips ( wr

O c(M X) 4- a- thefal10 <@(dM! @\gb7£61@@3c)d(25891 @Eﬂ@t@&)ﬁf 0St OGPy M " 0)

...... (2) er y nd/ any conbi nation thereof; M
may be one OL %Tol\rlg n%ho{/alpegg él—e’f’ﬂarrt’g%li1 59 6 e?gnp Li, Na, K Rh, Cs, An,
Ag, an@d@r any a(®KOpbat |(Drt(M’1Kr)émib M' may he one or nore di val ent

Conbr mifion’t nel QPSR 0 Jhago) 8o e i MIZ WY, oy
ﬁm FEU CISZC]adB Th, widyein 4", mér be Fh]CLMtand/IQuan)aqmnlangmmoﬂrbmnithmaytbh@negf 0X may
e r : <c
<2; 0<_d<1; 0<m¢§)‘ielmgﬂg‘faq"l’lmSﬁa?'qg%'l E(EC%QTE E?gfnadKoR% %g A %?@ﬁe pr epar ation of
copper as \Neccbmbl@am@ra@emﬁ " iyl breayeentmare distalcar slcmylsb@raXdrbals; Be,gdpi d
state reacti gy, SIPBElteZﬁt@({ tMﬁ‘QanH}%Jr%ﬁj« %rﬁb%&&f)ﬂﬁ rc%FyM" THRYY bé BESSn, §b9%c, "Yron

may he used, Any star eria may transfer into oxides via

heating prockasin, GeyP Ibé‘dug@dsﬂbﬁflo‘r}% m@@ﬁl%&nﬁm‘éﬂ Ip‘h@@éﬁéy §0mP514!|10H

Exanpl es of° H{e?&ﬁ*ﬁ%agﬂa c B8] BPrJeﬂﬁfﬁ{f'c%ﬂlH?ﬁa(fthhérH@ pesgent onap &ri.al < pavi ng
fornmula (3) [561Cu 02 Sr 3,96, Al 14 025 : Eu_...... Starting

o 2 () s B2 e 1 TG s ol ) S aibisbi b he pars o+ 5ad

The E t 83| Nng NEfiRY prapFatich s pher avafll fXedeSopeh Yidhdxiddasmarfidlsafia)y iy Honat es
ray be basic solid state reaction. Pure starting materials without any impurities, c¢.g. iron, may
be used. Any starting material which may transfer into oxides via a heating proccess

may be used to form oxygen dominated phosphors.

|54] Examples of preparation:
155] Preparation of the luminescent material having formula (3)
[56] Cu Sr Al O :Eu...... 3)
0.02 398 14 25
{57] Starting materials: CuO, SrCO Al(OH) Eu O , and/or any combination thereof.
[58] The starting materials in the form of 0x1dcs hyd roxides, and/or carbonates may be

mixed in stotchiometric proportions together with small amounts of flux, e.g., HBBOH.
The mixture may be {ired in an alumina crucible in a first step at about 1,200 °C for
about one hour, After milling the pre-fircd materials a second firing step at about
1,450°C in a reduced atmosphere for 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 cxcitation wavelength

1601

Copper doped compound | Compound without copper




m xed in stoichiometric proportions together wwth small anounts of fl ux,
e.g., H3 BOs. The mxture may be fiBed in an alumna crucible in a first
step at about 200 C for about one hour. After mlling the pre-fired

mat er i al ¥%? %@3@&?}9 firing step at about 1,450Cin a regG &RV Rere for
about 4 hours may he followed. After that the nmateria may be mlled,

V\ashed, dri ed—and-sieved. —The res ||L1'Lng 1 um-nhescen 3 082 have.- an

em ssi on maXi mum of about 494 nvh CIuSQS.r Tah)l@ 1 Elcopper i vat ed
alumnatECTl‘pa‘rWWf_ll{u?- |vaL* W Ot e e abegut 400
nm exci tatiqn lvtﬁvlélpéh@ﬁrhlt{/ 6%) Copper dok%’ul1 corrpound CorrpoundO' t hout c( pper 8
WO 2006/ 068359 UP UZ:B”/T,U M T EU ST gu 0273798 14 25
4 14 15 Lunilnou %”é’ Kﬂi&/“(m 108. 1 100 vel engt h (nr‘r) 494 33 [611

Prepar[%tii on of the | um r}escent mat er i al gv_ for rruTLS (4) 1621 Pb 0.05 Sr 3
.95 Al 0 25 Prepgyation of the lupingsgent mgtefial npyngdgrapmilald: " pho, Srco?, Al 20 3,
Eu z Q63] and/ @ asy C(AHbt[)natEluon t.higyreof . [64] The starting materials in form

of very.pure o |?:fés *%ar conponent s whi ch .may, deconpose
t her mi %&EI y i nt&TEN8 g %ﬂ?"@esﬁéﬁgﬁﬁi @tlzgil:g’rﬁ%&?@flyic8mlbﬁ}‘188‘6yw * t oget her
w th siedl | armtTﬂnt:stamtﬁng‘ avcrialsan ferxaiieey puhfelﬁ@idcsTdaebcnidtctsmre)thm)conipenédtsf ed in

an alumina_cliel Bl @oRBOtudaf0R ColeRaROHE, 05,0000 L8 ABRML ATter

mlling the pre- r|n Ste rkf:SOCm air
for about 2 prapention apgethon wathr sahilcaowt nelsiphe fe a‘xempbcbbiJBOz Tit@umturaynalye

fol l oved. Then;fhe, amfuﬁlhgkrumc ;ﬂ‘%bﬁha vll 865b VB Gu S h%gr matﬂg ]@ﬁ' gﬁgrd The

resul ti ng | um nescent naterr al an em SSi on from about
494.5 rim 1®8}ing sl pac-pired @atﬂ:rlab@eﬁcmizﬁmamti:wta@amal aWrQ‘ameam@npmtéd with

Eu21-activalgirs Al d]@ﬁ@ce‘ﬁ’aﬁxﬂ@%ﬁhc}e%ga%utQtPBHlts Iﬂgpb@mll%%ﬁt?ﬁénQHe wavel engt h
[ 66] Lead doped conpound wi t hout Al 0 : Eu

0.05 '+ 95 1@atzsal4m&xlb95nmn%h}féi deerbiang sicygd. ifdﬁf r@ﬂltmx lumWF@ﬁ@ﬂaﬁer(%m
4|94 5 4?3 16rhhy Pﬁ@é%rperglsml@ma&ahmﬂro@p%mmf @?4 592? copper angforl I eﬁf' doged
al um nat es XClI \ on wave u ravl, ol e an il SI e Ig an
their 183 nous dgﬁs% tl‘gﬂdiq?r)%l%fl VA ANRENYS FOE PR wé'i?leﬁfgt Activated

aluminate without lcad at about 400 nm excitation wavelength

166]
Lead doped compound Compound without lead
Pb Sr Al O :Eu Sr Al O :Eu
005 395 14 235 4 14 25
Luminous density (%) 101.4 100
Wavelength (nm) 494.5 493
167] Tablec 3: optical propertics of some copper and/or lead doped aluminates excitable
by long wave ultraviolct and/or by visible light and their luminous density in % at 400
nm cxcitation wavelength
[68]

Composition Possible Luminous Peak wave Peak wave
excitation density at 400 | length of lcad/ length of
range(nm) nm excitation | copper doped materials
comparcd with | materials (nm) | without lead/
copper/lead not copper (nm)
doped
compounds (%)

Cu Sr Al O 360 - 430 101.2 495 493
05 35 14 25
:Eu




[ 681 Conposition Possible Lum nous Peak wave Peak wave
400 | ength of

conpar ed W [
doped COR%%EQHE%%ég
WD 2006/ 068359 PCT/ KR2005/ 002332 Cu 0.02 Sr
493 : Eu 25

Sr 3.99 A 1
059 360 - 43

13. 95 360 -

eXx

citation density at

| ead/ length of range(n® m excitation copper doped naterials

Dh N QE _Cr 105 Al 140 2 260 42
I I 7\ U7z —O0u—

als (nm wthout |ead/ copper/lead not copper (nm
Cu Sr Al 0 360 - 430 101.2 495 493 FSTEKR2§MRIZS F 9
3.98 Al 14 0 360 - 430 103.1 494

10444945493 —Eu Cu-0.01

o U, J- I

199 SBEOLABY 1060 4930 492  SilOBI: Eu
o 180.%8 494 493 A 0 | Eu, 5 14 2
4302401 5 494 494 Ga 0105 0 25 : Eu [69] a(MQ - b(MQ |c(A

AT A4

05108415 Cul 0. 089Sr 3. 395 Ba
5 Dy Ph O

.pP5 Sr 3 .95 A

) d(M'2a8)

be Pb, Cu, alndP-‘ér_)%%iny”cbnbl nation thereof; M m

Cd, M, and/
combi nati on
thereof : M
Dy, He, FEr,
2; 0 < c< 8;
preparation:

(691
[70]

(711
[72]
1731
[74]

1751

(761

(771

or

Mal.© (0" p60 - B3dM'"1" 0114

any“conbilnati on thergof; M' may

ny be Be,
he B, Ga,

.. ks [7P1 wheggein M nmay
My Ca, Sr, Ba, Zn,
a

I h, and/or ny

AT SPT AlG | TR0 PR ([ s, 7

HI, d/ or
Pr A’Q)Rld P

any %nglna I on
u,

Ga

:Eu

0.05 35

_ Sm Gﬂ Thb,
5$n(}m5@95,:lltu, and/ or any |conbinationfthereof; 0 Kk a<1| ; 09qb <
0< g I 0<eqi o< t<y—5 2 andt+fy<5—[Fit+—Fxanpte—of
C%J”Z_gﬁr@s%ﬁ@; at POH- B10 the | ukdBhEscent matdddi al havi ng%Bornulja (6)
Al O :Euy,

5 14 25
Dy
Pb Sr A 360 - 430 101.5 494 494
0.05 395 13.95

<

aM'0O) - b(M"O) - C(Alzo3) -d(M™ 203) . e(M""Oz) - LM xOy) ...... (5)

wherein M' may be Pb, Cu, and/or any combination thcreof; M" may be Be, Mg,
Ca, Sr, Ba, Zn, Cd, Mn, and/or any combination thereof; M™ may be B, Ga, In, and/or
any combination thercof; M"" may be Si, Ge, Ti, Zr, H(, 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; 0 <a< 1;0<b <2;0<c<8;0<d

;0<e<;0<f<2;I<x<2iand | £y <5,

Example of preparation:

Preparation of the luminescent material having formula (6)

Cu Sr Al S1 O :Eu..... (6)

005 095 19997 0.0003 4

Starting materials: CuQ, SrCO}, AIOOJ, SiOr), EuqO3 , and/or any combination
thereof.

The starting materials in the form of, [or example, purc oxides and/or as carbonates

may bc mixed in stoichiometric proportions together with small amounts of flux, for

example, AIFR‘ The mixture may be fired in an alumina cruciblc at about 1,250°C in a

reduced atmosphere for about 3 hours. After that the material may be milied, washed,

dried and sieved. The resulting luminescent material may have an emission maximum
of about 521.5 nm.

Table 4: copper doped Eu™*-activated aluminate compared with Eu™-activated

aluminate without copper at about 400 nm excitation wavelength

Copper doped compound

Compound without copper

Eu

r 1 .
005 095 1.9997 0.0003 4

SrAlqO4 : Eu




173] Cu 0.05 Sr 0.95 Al 1.9997 Si 0.0003 04 : Eu ...... (6) 174] Starting
materials: CuQ SrCB81 Al O3, SIO310Eu! O3, and/or any conbination
t her eof . 2'1%{'1‘ The startlng materials in the formof, for exang , @ure oxi des
and/ or a #833%s may be nixed in stoichionetric prBpEHR2BRYEHet her
with small anobunts of flux, for exanmple, AIF 3. The mxture may he fired in

an al un na Lch_bLe—act__acboux—l—.’ﬁiac_u—n_a-—t-@duged_a 3
hours. Aften tlhatinbiedemite(doal y he nilobed, washgd, driedo@nd sieved. The

resul ti ng | ymneseent—ratertat—rayhave—an—em-ssornraxtrm—oef—abeut—521. 5
rim [76] Tabl e Wavekogiheinmdoped| Eu2 - acidvated al uninate codpéred with
Eu2+-activated —arum nate w thout copper at about 2400 nmtexcitati om
vvavel e[ﬁ@ih [77}’“@@{%5@!‘1@ rrclmpw (@irpavng faulvo() copper Cu Sr Al Si O
; —,@6 7 @u_1__1_0%3)4 2 4 Eu 10 WD 2006/ 068359

PCT/ KF\IZ 5/ 00233212Lum @@JSI eh5|ty 106 100 Wavelength (nm 521.5 519

[ 78] Frd8par at i Srdag makerialsn{HEs Mafd y MOHhabugg ,f@;d?ﬁjlaaywm bjmgpn cu O 12
BaMy 1,88 Alnd6oP27 : Eu ...... (7) [80] Starli ng naterlals CuO MO BaCoO ,
Al (OH) Eu O, and/or any conbinati on }her eof . [81] The starting materials in
the foldH of, fdhesleging waichysdn digi lgem of Horsainie Purepidres hydrarWshander nay be

mxed in stmaetbuxﬁfeghﬁay%enﬁﬁ@@ﬁﬁ kloRpidnRGeE PRIpoMdnb (Si¥Bck waiiM Sar®funtd dfux, for
exanpl e, AlP. The m xt Eﬂ)f be fired |g ?ﬁ%ﬁl um na cruci bl e at about

1,420C | n a MendoedemPliodphenoe FukusEay bo islinan aipish crrklc abgboht er | al may
Ee mlled, Wwaalredin dedeatd a]gndsgﬁahevreﬂaboﬁhe hbeguhfrtewg@mt &hmnﬁm&@ﬁﬁagﬂﬁt Sr |E aI2 may
ave an ems N maxi,mim out copper _doped Eu
-activated aff]ﬁlﬁang?%‘:g%céf g%aa W‘ﬁ‘? ig%f)cé}'l nﬂg? %C(?HF'@ﬁtfﬂag@gY 5}'3 al um nat e

at 400 nm exmhihﬁbhmxhnmaloélagmm 483in. Copper doped conpound Conpari son wi t hout

conee o8, O, 3500 it B0 BNl SRR

| um nescent lﬁtatﬁttu\ailtedtdvmn’gltd drifllinan ¢@)tation wavclength

(83
Copper doped compound | Comparison without copper
Cun_lzBaMgLBSAImO - Eu BaMnglmO27 : Eu
Luminous density (%) 101 100
Wavelength (nm) 452 450
[84] Preparation of the luminescent material having [ormula (8)
[85] Pbo.lSr(mAle4 cEu...... {8)
[86] Starting materials: PbO, SrCO3, Al(OH)3, Eu203, 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 , H}BO}. The mixiure may be fired in an alumina crucible at about
1,000 °C for about 2 hours in the air. After milling the pre-fired maltcrials a second
firing step at about 1,420°C in the air for about | hour and in a reduced atmosphere (or
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 nm.
[88] Table 6: lead doped Eu’"-aclivated aluminate cormpared with Eu®"-activated
aluminate without lead at about 400 nm excitation wavelength
[89]

Lcad doped compound Compound without lead




[851 Pb 0.1 Sr OA Al aOa: Fu...... (8) [861 Starting materials: PhO SrCO
3, AL(OH) 3, Eu 2 O3, and/or any conbination thereof. [87) The starting
materials in formof, for exanple, pure oxides, hydroxides, and/or

car bonat &0 Y6851 xed in stochionmetric proportions tof§eTAR2OGWR3Znal |
amounts of flux, for exanple, HBO . The m xture may he fired in an alum na

crucible at about 3 1 000 C for ahout 2 hours in the air After nmilling the
pre-fired mgterials a second firimy Srepja :apout |1, 4206ANOt heyair far
about | hourand—i-A—areducedat-rospher®for—about-2-hoursiaby be-followed.
After that thd.uminens ddnsimay%be mlled, wW&hed, dried and siléed. The

resul ting | ymmescent materiat ey ttave arm entssion mexi nun-of——about—521 nm
[881 Table §: | VEISEUOEY2) - act i vat ed Xllumi nate conpared Wi¥h

Eu2}-activated _altnninate wthout Tead ai aboui 400 nm excitation waveél ength
1891 LAY dopedkeswipphiidacdmmseniddo sprrspard/pdsed daped\yiynipatss egpdggn in
PCT/ KR2005/ 0@gR32 Pb Sr Al O: Eu SrAl O: Eu 0.1 0.9 2 4 2 4 Lum nous

densi t % 102 100 Wavelength (nn) 521 519 [901 Results obtained in regard
to cop%"éﬁ and/ %@%\eééa’PH@gé’é(’P&F‘tﬁﬁogé?@gC%IPFE’Y§ﬁ%%éﬁﬁgoﬁ%*oﬁlémwa‘f[s§if“&béﬂo| e 7:
optical propsy fongsvaet uaeiEolEodasr banaiBle ligBeshddbpiethmholdddniiesn @xaisogbl e by
| ong wave ultraviolet and/or by visible |ight and their |um nous density in %
at 400 ri m WREFTUANOBVEFEEYNgt h [ 921 Conposition Possible Lumi nous density
Peak w@2¢ Peak wave excitation at 400 nmlength of lead/ length of range

excitation copper—doped—naterials—(pm—conrparedwth-naterials wthout |ead/
copper/| ead |not (fommjositapper ( Podsibledofdadniaonpdruniths| (Reqk @aver |AlPcSk waed -| 440
106 521.5 519 0.05 0.95 1. gpgx%itzoiﬂgnlp'ogalomﬂ nl?ﬁj 41cngth of lead/| length of
range excitation copper doped materials
{nm) compared with matcrials without lead/
copper/lead not (nm) copper (nm)
doped
compounds (%)
Cu Sr Al Si 360 - 440 106 521.5 519
0.05 095 1.9997 £.0003
O :Eu
a
Cu Mg Li Al |360-440 101.2 482 480
0.2 0.7995  Q.0003 19
Ga O :Eu,Dy
0.1 4
PbDISr09A1704:Eu 360 - 440 102 521 519
Cu BaMg Al O :|360-400 100.5 451, 515 450, 515
0.05 1.95 16 27
Eu, Mn
Cu BaMg Al O :|360-400 101 452 450
0.12 1.88 16 27
Eu
Cu BaMg Al O :]360-400 102.5 451 449
0.61 (.99 10 17
Eu
Pb BaMg Al Ga {360 -400 100.8 448 450
0.1 09 9.5 0.5
OI7 : Eu, Dy
Pb Sr Al O :Eu, |360-440 102.4 521 519
008 0902 2 4
Dy
PberOSAlvotizMn 360 - 440 100.8 658 655
Cu Sr AlO :Eu [360-440 102.3 521 519
006 094 2 4
Cu Ba Pb Mg 360 - 440 100.4 451 449
0.05 0.94 0.06 0.95




Cu 0.2 My 0.7995 Li 1J0005 Al 1.9 360 - 440 101.2 482 480 Ga O : Eu, Dy O. |
4 Pb 0O 1Sr 09 A 204 :Eu 360 - 4401202 521 519 CuOOSBaI\/gI b Al 16 0
27 : 360 - 400 100.5 451,515 450,515 Eu, M1 Cu 0.12 BaMy 1 .84 Al 16 0 27
360 - 408OAYPPNEI 50 Eu cu 0.01 BaMy 0.99 Al 10 0 17 % G’KRZ&M’%‘? 5 451

449 Eu Ph 0 1 BaMy 0.9 Al 9.5 Ga 0,5 360 - 400 100.8 448 450 . 0 17 : Eu,

Dy Ph Sr Al . Eu—360—— 440102 4 521 519 0.08 0.-902 2 4 DBy Pb Sr Al0 : M
360 - 440 140.8 /55183655\1 02 0.8 2 4 CuSr At O: |[Eu 360 - 440 102.3 521 519
0.06 (1.994 Zﬁi%‘u 665 Da 01 94—+Ph—0 U.‘V%Tﬁ —951360——440—160—4—451449 12
WO 2006/ 068353, F&] 1KRobies/ A1 138324000 0 1808 n 17 Pb 6% Ba d.7 a1 Mg 1.9
Al 360 - 400 100. §r452,450 © Eu 1p 27 Ph 0.7 Ba 0.7 Cu 04 My 1.9 Al |360 -
400 100.4 452, 5186480, 5;5 Lo Eulm 16 27 [931 A lead dndlor coppdr
doped si | i catRis Beav@'wn gMigorAtu| 360(-900( D4] a(OM40) b( M O¥62NTSX) d( Mis0,Z5e( M " 0
)f(M™"' 0 )g(Si"d “WgM'"'”O b - Xy | (9) [95] whefein M mayl be Pb, Cu,
and/ or any conble. a:tlounl\g[ﬁere f;, M m y be Be, My,| Ca, Sr, Ba, Zn, Cd, jWnh,

and/ or[g%r]'ly CO”‘% Ha% aRcrllfor (?prp%PdépeMmhcnPe\éhb%ng fOJmN"T‘a (d< Rb, Gs,

[94] a(M'0)-b{M"QO)-c(M"X)-dM™ QO)-e(M™ 03)-f(M"'" 0O )-g(Si0 )- kM™ 0O)
2 2 o p 2 Xy
...... (9)
[95] wherein M' may be Pb, Cu, and/or any combination thercof; M" may be Be, Mg,

Ca, Sr, Ba, Zn, Cd, Mn, and/or any combination tharcof; 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 Ge, 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<4;0<d<2;0<¢<2;0<
f<2,0<g<10;0<h<5 102 1<p<S; 1 €x<2;and 1 <y <5,

[96] Example of preparation;

(97] Preparation of the luminescent material having formula (10)

[98] CunlﬂsSr”CamSiO E Eu...... (10)

[99] Starting materials: CuQ, SrCOB’ CaCO}, SiOE, EUEOS, and/or any combination
thercol.

[100] The starting materials in the form of purc oxides and/or carbonates may be mixed

in stoichiometric proportions together with small amounts of flux, for example, NHACL
The mixture may be fired in an alumina crucible at about 1,200°C in an inert gas
atmosphere (¢.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°C in a
slightly reduced atmosphere for about 2 hours. Ther,, the matcrial may be milled,
washed, dricd, and sieved. The resulting lumincscent material may have an emission
maximum at about 592 nm.

(101] Table 8: copper doped Eu™"-activated silicatc compared with Eu’*-activated silicate
without copper at about 400 nm cxcitation wavclength

[102]

Copper doped compound | Compound without copper

Cu Sr Ca SiO :Eu Sr Ca SiO :Eu
1.7 (.23 4 1.7 0.3 4

0.05

Luminous density (%) 104 100

Wavelength (nm) 592 588




Au, Ag, and/or any conbination thereof; M" may he A, Ga, In, and/or any
conmbi nati on thereof; M"' my be Ge, V8 Nb, Ta, W Mo, Ti, Zr, Hf, and/or any
conbi nati on thereof; M"" may be Bi, Sri, Sbh, Sc, Y, La, Cc, Pr, Nd, Pm Sm
Eu, Gd, WEh200e0e833%  Er. Tm Yb, Lu, and/or any conbi naPFEKRA%YWEF2 X may be
F, d, Br, J, and any conbination thereof; 0O<a__ 2; 0<b<_8; 0<c<4; 0<d<2; O<e<_2;
05 f<2;0<0<10: O<h<< 5;1 <0<2;1<p<5; 1< x:52; andl<y<5. [96] Exanpl e of
prepardPBbn: [ Brcparatiopat ghe lomimdscert endterial hesoermvd drl:al having fornul a (10)

[981 05 Sgy, 7 : Si SpEU L gy - (10) [991 Starting materials:
CuQ, %18% Cacgu,‘>-%%f§@abz,[p@%®l,spa(§vd/l§olf"ai'n'(lg:)onbi nation thereof. [100] The

st artiH§5hat er Stardng matanialss 6pE BrCHrA (G 8@sSikhdPe P, caidieray sembinalie i xed
in stoichi ongtfebe proportions together with small anounts of flux, for
exanple, NH . The mxture nmay be fired in an alum na crucible at about

1, 2000 1PAl an i A&F staging ma&&%@;s%ﬁwéezl@PE;.V?rym}lrf'owﬁ%qr@ cgeropaksmayhsut 2 hours.
Then the mat@rkealin f@YhREndrit gﬂ%on;oﬁsﬁ@etﬁdaamh skl ARdeitd &l luBYor&akiplced 1 n an
al um na crumﬂl(f E\r;trﬁgbout 111 00Cin a eztlé]llght[ reduced @tlnps' here faqr about
2 hours. Thel,th fL SleR X e may eetired HAL puguingyrrughle Yafodt LIEHC The
resul ting | uiniaredeedtarmddpcicabr syt D&versaih@nths snaderial ey beumiliat, Aheuhal592
rim [101] Tabl e 8. . copper. doped Eu2-activated sili ge~conmpared with

Eu2 - acti vat@ﬁ nkaitcfrfaégldé%e\ﬁrf: (ﬁgnu?n %B%Hélrcrlé?glgﬁg l?oujfd%ﬁrg é@(g?(f é‘f?%n wavel engt h
11021 Copperatoopgre fimpbont® i@amp dirad that tHeoudtedpper be @illegr w@she81ldried &8d Sr Ca

(nmy 592 s i3 W N6 mletet Rl Ro B503Y' hitfin SHE AN HVEL 10"

| um nescent #e@tmwmial having fornmula (11): 1104] Cu US Ba ] Zn 01 My 0.6 Si 2

O : . | 20 o i: : 27nQ, - 5.0, Eu
O, aﬁap 31 any T%%%)b%%é%r@bﬁ%? e%ﬁ%?%sé%a?%%(%ﬁ??ﬁg%atz%ﬂ%{@thr??‘tehe form
of very purevthoueeppmidt 42} porracidaionayavisengtii xed in stoichionctric

propor(clbgps together with small anpbunts of flux, for exanple, NH 4 C. In a
first step the mixture may he fired in _an alum_na crucible at _about 1,100C

i d d at h f b h il 1 {1l ed.
7,2, educed almephere o abolCopndahes cTARADE Rl ontl |1 ¢

After that um-na cri , 235C
in a reduced Cu SrZn Mg Si O : SrZnMg SiO :Eu
02 2 0.2 0.6 2T 2 2 06 2 7
Eu
Luminous density (%) 101.5 100
Wavelength (nm) 467 465
[109] Preparation of the luminescent material having formula (12)
[110] Pb Ba Sr Si Ge O :Eu..... (12)
01 095 095 0.998 0.002 4
(111] Starting malcrials: PbO, SrCOz, BaCO3 SiOﬁ, Ger EujO@, and/or any combination
thercof
(112] The starting materials in the form of oxides and/or carbonates may be mixed in sto-

ichiometric proportions together with small amounts of flux, for exampic, NH4C1. 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 [iring step at 1,220°C in air for 4
hours and in reducing atmospherc {or 2 hours may be followed. After that the material
may be milled, washed, dricd and sieved. The resulting luminescent material may have
an emission maximum at about 527 nm.

[113] Table 10: lcad doped Eu’"-activated silicate comparcd with Eu”-activated silicate
without lead at about 400 nm cxcitation wavelength

[114]

Lead doped compound Compound without lead

Pb Ba Sr Si Ge BaSrSiO4:Eu

0.1 095 095 0.998 0.002




at nosphere for about 2 hours. Then that the material may be m | ed, washed,
dried and sieved. The resulting |lum né&scent material may have an em ssion
maxi nrum at _about 467 nm 1107] Table 9: copper doped Eu2T-activated silicate
conpar ed Wi 260332 activated silicate without copper afCAOERIMTUREZ ation

Cu 02 Sr Zno

wavel ength [ 1081 Copper doped conmpound Conpound wi t hout copper

MyO6Si O :
Wavel engt h (
formula (12)
(12) 111 11
and/ or any ¢
oxi des and/

QrQ7rLI\/gnRQL QO

Eu 2

7 Eu_Lum - nous den

Lty (99 101.5 100
I—*Y

mm 467 465
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T2 Theg starting

omnbi ion —thereof
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pesieheds (R he
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ertats Tt the for
metric pr58 ortions

together with small anounts of. flux, for exanple, . The mxture may be
fired [H3n al dieRREan Rl the Binypessppfupaterigdevieedermupoly 2 hours in the air.
After pilleling tihe prestioed :mmieriallg)a second firing step at 1,220C in air
for 4 rs and®tn *feduci ere, for. 2 haurs may be fol] owed. After
t hat th@ghjrat eri W[IHWW@IS:?]I} %@ﬁ%ﬁ?& g‘éargi ki anzli‘dsqré\}:é’al.b‘ﬁaﬁ‘@n\#\%?ﬂti ng
| um nescid@ht MmatRheisadrtingynahaiads inaic RmsS oRklesakiorides aindabeutbobdds may bg 113]
Table 10: |ead doped ichli'2+étaiCti vated sillcate cprr,‘ﬁ['ir ed w tg By’ ke act | Zat ed
silicate w PRSI PEAD ATCEESERPADT nRe AR Y g{‘i% RAVRT &R PH | 17t MPead doped
conpound Conﬁtbiﬁﬁu Thictnhigture Inagde (Pl O ah BamdRSNBIbIO in 95irSistdP.298BouEd, (01702
BaSrSi O 4 : 3 . 105/ i LAy kUM S
donsity (% SolordPuc? iy SPLRaRe ARG IILBLH 0 taeiicols Eiteodt I DBS
| umi nescent ateaberi hP2MAVinrbe diofendbaui(dByurf audin Prsdaccaigesites: for aBouwis A 4 :
Eu - (Ldurleh e B)RGELGERh S halicriaPAY bS70Rka, Hika, FHEl andhefa, and
any conbi nation tHhereof. . o ,

The resulting luminescent material may have an emission maximum at about 492 nm.

[119] Table 11: lead doped Eu™-activated chlorosilicate compared with Eu’-activated

chlorosilicate without lead at 400 nm excitation wavelength
p)

et

[120]

Lead doped compound
Pb Sr SiOCl :Eu
025 375 3 8 4
100.6

49

Compound without lead
SrSiOCI :Eu
4 3 8 4
100
490

Luminous density (%)

)

pe

Wavelength (nm)

[121] Results obtained with respect to copper and/or lead doped silicates are shown in
table 12.

[122] Table 12: optical propertics of some copper and/or lcad doped rare earth activated
silicates excitable by long wave ultraviolet and/or by visible light and their luminous
density in % at about 400 nm excitation wavelength

[123]

Peak wave Peak wave
length of lead/

copper doped

Composition Possible Luminous

cxcitation density at
400nm

excitation

length of
range (nm) materials
malterials (nm) | without lead/
compared with copper (nm)
copper/lead not
doped

compounds (%)

101.3

Pb 360 - 470 527 525

0.1

Ba

095 095




11 2 2 3 [118] The starting materials in the form of oxides,

and/ or carbonates may be

smal | anount

s of flux, for

chl ori des,

m xed in stoixhionmetric proportions together with

exanpl e,

NH a d.

The m xture maa/
al um na WQUHHPB3Hh a first step at about 1,100 C for 86B(ERZY

be fired

in an

09/W&+32 in the

air. After mlling the pre-fired materials a second firing step at about
1,220C in the_air for about 4 hour and_in a reduced atmsnpnhere faor about |
hour may be |f ol Gewed :Aftgr that the nmaterial may he nilled, washed, drfied
and si eved. e t¥85ulti-ngtuni-nrescpnt—rateral—ay—-have—an—em-ssi-oA—AEXi mum
at about 497Cum (Ral30a,Zabl 8601500 epd dOMedl Eu' |- act iS¢at ed dhl or 6601 i catle
conpared wi tjh E)‘]'S'ioa-cl%l]il vatled chlorpsilicate without Iead gt 400 nm
excitation wavebength [1201 1 ead doped conpound Conpound hout |ead Ph Sr
S 0d : B St ©:0sio [Eac®- 2% 375 3 @44 4 3 9 4shuninods demgity (%
100.6 100 Maveéferndt P nni|) 492 490/ [ 121] Resulfts obtai ned jwith respect| to
copper and/qr | eagd ped dilicates pgre shown in table 12. |[1221 Tabl e |12:
optical prop i 0 p ahd/ o ad dopedare edrth I vat ed
silicates ex;e(:jéoagﬁmzégﬁfﬁorﬁgg%v?oul trawi%%‘gt aqd/ or 583 vi si|bl e |%Igéht and
their |um ncuosdebﬁsﬁ?dgEli n % at about 400 nm exci tati on wavel ength [123]
Conposi ti on [POSsT bl e—tumnous_Peak jwvave Peak excitatTonm denstty 4t
| engt h of Iegd‘(mslrgézﬁggmg(gﬁl PG nhy 480 copper &#8ped ndteri 403 excilt ati on
materials (nmM wa@haut |ead/ conpaled with copper (nn) cdpper/lead nagt
doped conpgurds’-{9%—Pb-0-+-1-Ba-0-95-Sr—0--95-Si{-360 - 4701013 527 528 15
WD 2006/ 06835(9[1)%(55/ gﬂ%Zp%/ 00@33220 G O 10(EY 0. 998 H006&0 4 Qu (B, 860 Ca,|Zn)
360 - 500 1080.98 1%38% 25810 Sio: Eu
Pb Sr SiOCl | 360-470 100.6 492 490
025 375 3 8 4
: Eu
Cu Ba Sr Pb 360 - 430 100.8 448 445
02 22 075 0.05
Zn SiO :Eu
08 2 8
Cu BaMg Si 360 - 430 101 444 440
0.2 3 0.8 199
O :Eu
001 _8
CuOSZnOSBachmSi 360 - 420 102.5 435 433
O :Eu
1.8 7
Cu0 BMgmBaqSi,O . 360 - 430 103 438, 670 435, 670
: Eu, Mn
Pb Ba Zn Si| 360-500 101 512 510
0.15 1,84 0.01
r O :Eu
0.99 001 4
CumBaSCawSiP]6 360 - 470 101.8 495 491
: Eu
[124] With lead and/or copper doped antimonates having formula (14)
[ 125} a(M'O) - b(M" O) - c(M"X) - d(SbjOS) -e(M™MO) - [(M™ O)...... (14)
[126] wherein M' may be Pb, Cu, and/or any combination thcreof; 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 thercol; M™ may be Bi, Sn, Sc, Y, La, Pr, Sm, Eu,
Tb, Dy, Gd, and/or any combination thereof; X may be F, Cl, Br, J, and/or any
combination thereof; 0 <a<2:0<b<2;:0<c<4;0<d<®0<e<80<{<2:1
<x<2;and1<y<s.
[127] Examples of preparation:



1 )8 4 Cu Sr Ca Si O 360-470 104 592 588 005 1.7 0,15 : Eu 4 Cu Li Sr Ba 360
- 470 102.5 557 555 0.05 0.W2 1.5 Si O'&d, Eu 01484CuOZSr 2 Zn 0.2 My
0.6 Si %Q-gS%g1015467465 OEu 27 Cu 002 Ba 2.8 Sr $360-420
100. 8 44 8 660 Si O Eu, M1 0.98 1 8 Pb Sr Si 6%‘“%78 02320 100. 6
492 490 0.25 3. 75 38 4 : Eu Cu Ba Sr Pb 360 - 430 100.8 448 445 0.2 22 075
OOSZnS|O:Eu 8 2 0.2 Ba3 My 0.8 Si_ 360 - 430 101 444 440 1.99
Ge o 1128 o. ofr@aeﬁiozrpfﬂa%ﬁ leingscayanatersy haviog frmds (433 0.5 0.5 2 0.2 O :

Eu Ez@ ]Cuo QWOMBa 1S €)@ 36 - 4305103 438, 670 435, 670 3 :Eu, M Pb Ba

Zn Si 500 10225127570 5 0.0 90014Cu Ba Ca Si O
360 - %g 1101 égggg Auderiags: gf é) Q&g(gﬁig)o S]bﬁé h?nCO and/or any combination
thereof.
[131] The starting materials in the form of oxides may be mixed in stoichiometric

proportion together with small amounts of flux. In a first step the mixtiure may be fired
in an alumina crucible at about 985°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 1,200°C in an atmosphere containing oxygen for about 8 hours. After
that the material may be milled, washed, dried and sicved. The resulting luminescent
material may have an emission maximum at about 626 nm.

[132] Table 13: copper doped antimonate compared with antimonate without copper at

about 400 nm excitation wavelength

[133]
Copper doped compound | Comparison without copper
CumMgmLiulebEO S Mn MgzLimShzO7 : Mn
Luminous density (%) 101.8 100
Wavelength (nm) 652 650
[134] Preparation of the luminescent material having formula (16)
[135] PbUDDGCaO»GSrUMSb 2O6 ...... (16)
[136] Starting matctrials: PbO, CaCO}, SrCOl 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 {lux. In a first step the mixture
may be fircd 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 cruciblc at about 1,175°C in the air for about 4 hours and then in an
oxygen-containing atmosphere [or about 4 hours. After that the material may be
milled, washed, dricd and sieved. The resulting luminescent material may have an
cmission maximum at about 637 nm.
[138] Table 14: lead doped antimonatc compared with antimonate without lead at 400 nm
cxcilation wavelength
[139]

Lead doped compound Compound without lcad

b Ca Sr Sb O Ca Sr SbO
006 0394 26 06 04 26

(.6




[124] Wth | ead and/ or copper doped antinonates having formula (14) [125]

a(MO b(M O c(M'X) d(Sbh &) e(M'O f(M" 0) ...... (14) [126]
wherein M Cu, and/or any combi nation thereof; M my Na,
K, Rh, EEDZWﬂ%M%ﬁy and/ or any combi nation thereof: M’ Fﬁ?ﬂﬁ@"ﬁ%“3ﬂb

Sr, Ba, Zn, Cd, M, and/or any conbination thereof M" may he Bi, So, Sc,
Y, La, Pr, SnF—Eu———Ib——LQL—4;L—4yungL_any_ggnbLnaLLgn_LheLegi+_)L4n;¢_§e F,
a, Br, J,aﬂuﬂwmumnydmﬁaybﬁnatlon theremﬂ O<as 2'0Fh< 2; 0<168_4; 0<d<_§;
O<e<8; 0<f <2; x<2—anhdt A 271 Exanprta 6%‘ﬁ" pat-at+ofir—16—W6-

2006/ 068359 PCTM@F@@IOBNDGQ@BZ [128] Pr e;fe%r7at| on of fhe Iuni®8cent nateri al

having formu

a (T5) [129]

CuD Mg L

(19)
mat er i BI*8]  CuQRewplty ottpingy ingigs st tq\ﬂ@wr dném/l%tﬂ donyd eRHPReeS a6 Shiayer Bof .
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Cu Pb
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08.5

658
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Cu

0.01 1.9995

Mn

d
1.99

0.0005 7

360 - 400

100.5
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Pb Ca Sr
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0.6
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Cu Ca Sr Ba
0.02 0.9 053
Mg

0.18

0.4

2 7

360 - 400

102.5

649

645

Pb Mg

d
0.198 0.004 1.798

OF
2 6 2

[143]

[144]

b |360 - 400

101.8

628

630

Lead and/or copper doped germanates and/or a germanate-silicates having formula

(17)

a(M'0)-b(M" 7O)-c(M"X)-dGeOJ-e(M"'O)-f(M"" ,’02)-g(M'“" OOP)-h(M""" xOy)

......



em ssion maxi num at about 637 nm [1381 Table 14: |ead doped antinonate
conpared with antinonate wthout |ead 8 400 nm exci tation wavel ength [ 139]
Lead dop d Conmpound wi thout lead Ph Ca Sr OCa Sr Sbh O LLIX) 6
0.6 0.3939%9‘8'%&%5 2 6 17 WD 2006/ 068359 PCTI KR2005I oof§§§“iﬂﬂi’%iﬁ§ density
(%9 102 100 Wavelength (nm 637 638 [1401 Results obtained in respect to
copper and/or | ead doped antinonates are shown in table 15. [1411 Table 15:
optical properffi es of some copper and/or |ead doped antinobnates excitable by

| ong w%%ul t r aticpdigtvrans/ perptbxcunaﬁa/m %Jdcﬂﬁﬁmﬁﬂﬂ th&gbf, Mrughhpers; densd,ty in
% at about 400 nm excitation wavel enq nposi ti on P055| bl’e Lum nous

Peak wave PeBR: GaavBl Adxand/ar ayrrogeiiad t%rcafeéh gﬁwﬁ%f\qgegd/ ST, &dglh of
range nm excCHairdest 4@ @ambuﬂﬁ@@dwfaifem"ahay bé 88) Y CBNRRTRIGH Inhamdednyal s (nm

w t hout |ead/ ca er/ ead .. coppe ds Pb 0. 2 My
0002 Ca 1 . 7eRMapURshereR 10%“@5%%6 nzrz“%FRp %H’ Ofnp‘é’oéaoc‘%?g@ QY 360 - 400
101.5 660 65&mEindBonlthbt;MO0ESi beBi, SNhPr S86 H, 0d2DY, SuBdMyyLi b Sb O : 360

- 400 1018 052,050 7M1 OIED, Ca. S380 1- 400 985,058, BRherdor20Q P o 1. 79

0<b<2;0<c<10;0<d<10;0<c<140<r<14,0<g<10;0<h<2:1<0
<2;1<p<5;1<x<2;andl1<y<s.

[146] Examplc of preparation:
[147] Preparation ol the luminescent material having formula (18)
[148] Pb Ca Zn Ge St O :Mn.... (18)
0.004 1.99 0.006 ng 02 4
[149] Starting materials: PbO, CaCO*, ZnQ, Gch, Si()’ , MnCO‘ , and/or any

combination thereof,

[ 150§ The starting materials in the form ol oxides and/or carbonates may be mixed in sto-
ichiometric proportions together with small amounts of flux, for examplc, NH4C1. Ina
first step the mixture may be fired in an alumina crucible at about 1,200°C in an
oxygen-containing atmosphere [or about 2 hours. Then, the material may be milled
again. In a second step the mixturc may be fired in an alumina crucible at about
1,200°C in oxygen containing atmosphcre for about 2 hours. After that the matcrial
may be milled, washed, dried and sicved. The resulting lumincscent material may have

an cmission maximum at about 655 nm.

[151] Table 16: lead doped Mn-activated germanate comparcd with Mn-activated
germanate without lead at about 400 nm excitation wavelength
[152]
Copper doped compcund | Comparison without copper
Pb Ca Zn Ge Si |Ca Zn Ge Si O :Mn
0.004 1.9y 0.006 €y 02 [.99 (1) 0.8 02 4
O :Mn
4
Luminous density (%) 101.5 100
Wavelength (nm) 655 657
{153] Preparation of the lumincscent material having formula (19)
[154] Cu S Ge Si O :Mn...... (19)
0.46 54 0.6 04 3
[155] Starlmg materials : CuO, SrCO%, GeO, Si0 MnCO%, and/or any combination

thereof

[156] The starting malerials in the form ol oxides and/or carbonatecs may be mixed in sto-



0.01 1.99 1.9995 O: M1 0.0005 7 Pb Ca Sr Sb 0 360 - 400 102 637 638 0 W
0.6 0.194 2 6 Cu Ca Sr Ba 360 - 400 105 649 645 002 0.9 0 5 04 MyO1lsSb O 1
Pb 0.198 00(9 Ca 1 798 Sb 360 - 400 101.8 628 630 OF 26 1431 Lead

and/ or cb%é #138U ger manates and/ or a ger manat e- si | i cz%ggﬁﬁz& "M33%or mul a
(17) 1144] a(M O)b(M' O c(MX).dGeO c(M Of(M" 0 )g(M" 0 )h(M"" 0 ......
12! 30 X v) 18 WO 2006/068359 PCT/KR210510 0 23 3 2 (17) [145] wherein
M nmay he Phlchmmelracnavcmr)rtmny lapsthist wathisoralltaneuetstol M, frnexieplei NH\aL. lm@ Rh,
Cs, Au, Ag, [

7n Cd o ?fg?étggt}ﬁ:%x?ﬂ@l na%ta:}g%’]e' I?E(étrug%{ ng('n’mi\émmg%)édl I:lﬁc)lﬁ’q 1d1°59c j@@m

and/ or any @@fgﬁpﬁaﬂ%ﬁng plaiasphere (arabopted hoyes. SThenﬁhe lwerlai/lmay\be mul;ledTa W

M, and/or apyain qRAREARI @D tho BliLefe mMS(isé "ﬁrém ah%n%hmdgfbaﬂ?é at a%ont Eu, Gd,
Dy, and/or an conbi nati on t her eof J, and/or any

conbi nati on ﬁé@ ‘Coltk angxy ggh sowamu&%@%m&@r ehwé f'd‘%‘é‘b é\fwrm @@@e@ém
0<h<2; 150 <[21ay be nfifed, SvashedsXifidd andldisyesd The 1461iniamplcecedt mateepamal have [ 147]
Preparation of the |um nescentbms} %l al having forrmula (18) [148] Pb O O01H
Ca 1.99 zn OAh§BISEQN Fnaxgnem ghgbepl p3s g, (18) . [149] Starting

mat eri pl53§] PhOTaG&CO): ,coﬂp’f@domfln&cﬁvatm@manameh"l]dxraleadftynpaledmfiilhawinen t her eof

[ 1901 The st 304408 SBLELALACAD A8 ALl BB AN PLagaLRGRat oo 1y be

m xed in sto° roportlons s of flux,
for exbdidBle, NH1 C. Ina firs( step the m xture may be fired in an alum na

cruci bl e at pbeut—1;200C+hn—-an—oxygen—contailning—af rosphere—foer—about2
hours. Then,| the material may he Gnppkedbpcdgainpound aCcsmpmmd veithept compemi (xt ur e
may be fired—+nanm—atunma—cruciite—at—=about™

Cu Sr Ge Si C :Mn SrGe Si O :Mn
04 3 06 04 3

046 054 06

Luminous density (%) 103 100
Wavelength (nm) 658 655
[159] Table 18: optical properties of some copper and/or lead doped germanate-silicates

excilable by long wave ultraviolet and/or by visible light and their luminous density in
% at aboul 400 nm excitation wavclength
[160]

Composition Possible Luminous Pcak wave Peak wave
excitation| density at 400 | length of lead/ length of
range nm cxcilation | copper doped malterials

(nm) compared with |maltcrials (nm) | without lead/

copper/lead not copper (nm)
doped
compounds (%)
Ca 7Zn Ge 360 - 101.5 655 657
0.004 1.99 0.006 0.8
Si0704:Mn 400
Sr Ca Ge 360 - 101.5 660 661
0.002 0954 1.044
i O :Mn 400
093 007 4
Cu Sr Ge Si O : 360- 103 658 655
046 054 0.6 4 3
Mn 400
Cu Sr Ba Ca 360 - 102 538 533
0.002 0998 0.99 0.0]
Si Ge O :Eu 470

0.98 0.02_ 4

Cu Mg Ge Si O 360- 102 660 657
145 2655 94 06




1, 200C i n oxygen contai ni ng at nosphere for about 2 hours,
may he M|l ed, washed, dried2@nd sieved. The resulting |um nescent
an em ssion maxi nrum at about 655 nM
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[ 157] Table 17 coplplar doped M%O@ctl
Mh- acti vat ger lltrllat c—stiitate—w

wavel engt h [@Bg e gop(ad-?@(brrpc
0 : M SrGe Lm’i}{% 0{54#.6(0.4 3 0.6 0.4 3 Lum nous density (% 103
BR& HER 1591 ahlg‘La'Jnl ical properties of

100 \Wavel enth
g% éﬂ'c’ﬁm Q'ltd?lﬁﬁ f?ﬁ&ﬂl&@ﬁﬁ by tong wave

A0 0—Ar—a
HUU TITITr T

wit fdUt co

copper [ g)§/ or
uItrav{ t an m nous densi ty |n % at about
P O -¢c(M"O)-f(M"™ O )g( M™0 )h(M" "0)......

400 nohléékm tatai(MrplAE(%l @@(M"X)
(20)
[163] wherein M' may be Pb, Cu, and/or any combination thercof; M" may be Li, Na, K,

Rb, Cs, Au, Ag, and/or any combination thereofl; M™ may be Be, Mg, Ca, Sr, Ba, Zn,
Cd, Mn, and/or any combination thereol; M"" may be Sc, Y, B, Al, La, Ga, In, and/or
any combination thereof; M™" may be Si, Ge, Ti, Zr, Hf, V, Nb, Ta, W, Mo, and/or any
combination thercof; 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 thercof; 0 < a < 2;
0<b<12;0<c<16,0<d<3:0<e<50<<3;:0<g<2:0<h<2;1<x<2;
and | <y <5,

Preparation of the luminescent material having formula (21)

Cu Ca (PO ) Cl:Eu (21)

0.02 498

Starting mdlenals CuO, CaCOi, Ca}(PO4)v, CaClj, Eu703, and/or any combination
thereof, - ‘ ) ) )

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

[168] 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 mixturc may be fired in an alumina crucible at about 1,240°C in reducing
atmospherc for about 2 hours. After that the material may be milled, washed, dried and
sicved. The luminescent material may have an emission maximum at about 450 nm.
[169] Table 19: copper doped Eu’'-activated chlorophosphate compared with Eu™ -
activated chlorophosphate without copper at about 400 nm excitation wavelength

[170]

Copper doped compound | Compound without copper




[ 160 Conposition Possible Lum nous Peak wave Peak wave excitation density at
400 length of lead/ length of range netexcitation copper doped materials
(nm conpared with materials (nm w thout |ead/ copper/lead not copper (nm
doped cofYdaM§4Lo8398) Pb Ca zn Ge 360 - 101.5 655 657 cRWfiwﬂt}szgﬁo.s Si 0
: Mh 400 0.2 4 Pb Sr Ca Ge 360- 101.5 660 661 0,007 0.954 1 (44 Si 0 : M
400 0.93 0.07 4 Cu-Sr Cie Si - 360- 103 658 655046054 0604 3 400
Cu Sr Ba Ca 360- 102 538 533 0(17@ @H98O)99: w01} Si 0a9B0OGCIN®y 0 4 |1 Eu
470 Cu) 45My-65=Ce—4Si—0—60—360-1022 668657920 -\AD-2006/-558359-

PCT/ KR2005/ ObZBGtﬁinousNtnSﬂ@@%l}B Cul. 2My26B5Ge 89 Si| 0 360- 108.8 670 656

1.1 48 : Mh A00Cu 4 fv‘%) 20 Zm 417G 5 S 2. 5 0360101 5658 655 F 406
38 10 Pb Ba |zn S¥awdengthoump 559 545 0.9%1 0.849 0[05 1.1 @47Si 0 : EY 470
0.04 0.96 4
[171} Table 20: copper and/or lead doped phosphates excitablc by long wave ultraviolet
and/or by visible light and their luminous density in % at about 400 nm exctlation
wavelength
[172]
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/lead not copper (nm)
doped
compounds (%)
Cu Sr (PO)CI| 360-410 101.5 450 447
0.02 498 43
:Eu
Cuo.’Mg0 gBanO . 360 - 400 102 638 635
: Eu, Mn
Pb Sr P B O} 360-400 102 425 420
0.5 1.5 1.84 (.16
6.84 :
CuoﬁMg0 5Baﬁ(P,Si) 360 - 400 101 573 570
O :Eu
2 8
Cu Sr (P,B)O 360 - 410 102 460 456
0.5 9.5 3] 24
Clj :Eu
Cu BaSr PO 360 -410 102 443 442
0.5 3 65 6 24
(F,Cl)j : Eu
CuU 0S(Ca,Sr,Ba)m 360 - 410 101.5 438, 641 435, 640
P}O ;7C1 : Eu, Mn
Pmeaj 913708 :Eu | 360 -400 103 421 419
[173] Mcanwhile , the phosphor of the light emitting device consistent with this
invention can comprisc aluminate, silicate, antimonate, germanate, phosphate type
chemical compound, and any combination thercol.
[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



Cu 005 My 4.95 GO 6 F : 360- 100.5 655 653 . 2 M1 400 Cu Q05 My 3.95 GO
5.5 F: 360 - 100.8 657 653 ©Mh 400 [1811 Lead and/or copper doped phosphates
havi ng f Q,) [162] a(MOb('M OQc(MX)dP O c(M' ' Of(M " g( M"' 0O
Yh(M ™" 85'“.10%,028% 523 2Y (20) 11631 wherein M ‘9&“%""26{% and/ or
any conbi nation thereof M may be Li, Na, K Rb, Cs, Au, Ag, and/or any
conbi nati on thereof; M" may be Be, I\/g1 Ca, Sr, Ba, Zn Cd, Wh, and/or any
conbi nati on ]tlgféreébﬂlnglﬂlﬂderfﬁvh A@Smse wayelegmth and theaphogghor) which iginbylurephyhe

conbi nati on §éi'@di&ﬂfnult1|}41é cheﬂﬁé’al@@m&umﬁ%‘m pr-jager 1@1‘110 The Sp%sgmr%%\?be (Wmﬂ)\&cd and/ or

any conbi natign thereof Dy, Cc, Tb,
and/ or any el BaMgn Al t’g@i’p(ﬁ“ WQCWYH@VFW@ Wa‘B‘rlen&!h a‘aﬂ’i’@ﬁb‘bl@ﬁy u o
conbi nation §her£0BiO0: Eu Fhich: maﬁlﬁhfé%%al@@ﬁﬁel@n Qﬁdﬁﬁ;dﬁﬁ??@ Oﬁ‘a<s$ 0sg€¥; 0<h<z;

1 <x<2; andl8y53;" 11641 Exanples o eg)a at| on; ég f%t‘i‘ éﬁthe
| uni nescent erVBEh mayihaye "I"’&e(“@ apege)’ /e (RO, :
Eu ...... ( 21Fu whichorhy Biarjcak @ aneieeghal sroufd©) 2ibaGod ClCaSr( R(D) O ¢ , EBu O

, and/or any tion 168] The®statrti'ng®materials in
the form of 8§ Ebég‘l atb‘%é’ﬁ%éfvég?le'ﬁﬁf%&%gg%t&ﬁgt es and chlorides may be nixed
i n st ol Il onet rih cuglr apambodimsnt, pare bhide iwialmmuaMSnamumlmmm cmiidsiox. llgﬁhe

m xture may Rgmt ghlzéE%\ﬂEhrfjgh%A% @%b&{ ﬁ&{l%' ﬁe%ﬁoﬂﬂ%td‘né (S anvcptcp%j}é)%

at mosphere for Ewashed,
dried and s e\weldelet‘rgtb Ther ngsicknhghm‘t mmedltogmlycrhad&eadfsafﬁﬂmsm israxi mum at

about 450 “{“F] DE&%L%] AL ot ggotﬁlf?ﬁé hgﬁospwﬁgﬁev@%b[‘(\%‘aﬂe ‘%*"'U‘V R@ﬂ%?phat ¢

conpared W activate loro about 400 nm

exci tati on walEIeRgreength royidcoppelral dope@f ssipeliatt, terpow He\l'vghlh@m alcopper 21
WO 2006/ 06839 ﬁ%ﬂﬂ%@%ﬁéﬁ gﬁﬁge Q-hbgutO?O@ﬁ( 4nPBRE RABbW 9Bt bout &1 Ca (PO 4 )

3 d : Eu 5 Lum nous densi P)/d(
[176] Fig. 7 is another embo 1mem S emlsblon spectmm 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.

[177] The phosphor is composed of Cu0 DsSr”CawSi04 : Eu which may have peak
wavclength at about 592nm,Pb Ba Sr Si Ge O : Eu which may have peak
0.1 093 095 0998 0.002 4
wavelength at about 527nm, and Cu_ Li  Sr Ba  SiO : Gd, Eu which may have
0.05 0002 13 0.448 4
peak wavelength at about 557nm.
[178] In such an embodiment, part of the initial about 455nm wavelength emission light

from the light cmitting diode is absorbed by the phosphor, and it is converied (o 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 wavelcngth to wide spectral range of visiblc light, that is, whitc light, and
at this time the color tempcrature is about 4,000K (o about 6,500K and CRI is about 86
1o about 93.

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

[180] According to the description above, light emitting device with wide range of color
temperature about 2,000K or about 8,000K or about 10,000K and superior color
rendering indcx more than about 90 can be realized by using the lead and/or copper
doped chemical compounds containing rare earth elements.

Industrial Applicability
[181] In such a wavelength conversion light emitting device is capable of applying on

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



Wavel ength (nm 450 447 [1711 Table 20: copper and/or |ead doped phosphates
excitable by Iong wave ultraviolet andBor by visible light and their

| um nous density in %at about 400 nmexcitation wavel en thLN 1

Conposi t i ¥R 2 BBPe Lumi nous Peak wave Peak wave exci tk Wene38y at 400
|l ength of lead/ length of range (nn) non excitation copper doped materials
conpared with materials (nm wthout |ead/ copper/lead not copper (nm

doped conpoutdscomuidgatingrodcts) bgBalsPor4ujtod diipl@eokey prinddacisligBoapi47

Eu Cu 0" MO. Q 400 102
495 420 0. 3p§%§§_8131894c§§&10r 1&991&6%)39@@&@%@0?{1@@:‘ rWlegﬁ ‘%%g“@‘ Q%C?QQOI 573 570
0: EBu 28 O!lUIOthl@FP@dBCléP B) 6 024 360 - 410 102 460 456 d : ElIl Cu Ba Sr
P 0 360182410 182Hig46%he 1Qv§1lr%n6ﬂ¥sc§s@£ﬂé5[g))ndc othBling BocRieBah 130 - 410
101.5 438,641 435, 648 Eu, 360 -
400 103 421 4m9iting dgvise gmil %dt{ﬂitmgawa%m hléml ltyhédaﬂsdwﬁarawfher ﬁ@lar. ght
emtting dewsgﬁe@t@nm stent with this invention can conprise alum nate,
silicat

oL o2 et TR e ASAITIRRS R PRRSETELS, LREn s Sl Ou B0 2
spectrum acc&rr@lenfgnlbdmmhﬁt ﬁoﬂpﬁtpbmrd),f sterhlﬁhng the ddetsphoMhissmetiedlof or the
lTght emtti %gscgoesﬁ/reclg not to%c mtcrpretng as rcIHiXtmg an m?enaon that the claimed invention

requires morc features than are expressly recited in cach claim. Rather, as the

following claims reflect, inventive aspects lic in less than all {catures of a single

foregoing discloscd embodiment. Thus, the following claims arc hercby incorporated

into this Detailed Description of Embodiments, with each claim standing on its own as

a separatc preferred embodiment of the invention.



WO 20061068359 PCT/ KR200S/ 002332 |ight emtting diode with 405nm wavel ength
and t he phosphor, which is m xture of the selected nultiple chem cal
conmpounds in proper ratio. The phosphor““may be conposed of Cu BaMgy Al 0 : Eu
whi ch may have peak wavel ength at about 451nm Cu 0.05 1.95 16 17 0.03 Sr Ca

SiO: E”gﬂgéiﬁéﬂgﬂgﬂgﬁﬁaﬁﬁik wavel ength at 586nm Pb Ca Sr Sb O 1.5 0.47 4
0.0 0.6 h may have peak wavel ength at about 637nm Pb Ba
Zn Si Zr 0 0.15[.84 0.01 0.99 0.01 4 : Eu which may have peak wavel ength at
around 512002, and Cu 0.2 Sr 3.8 Al 14 0 25 : Eu which may have peak

wavel engt h at about 494nm [175] In such an enbodi ment, part of the initial
about 405nm wavel ength em ssion light fromthe light emtting diode is

absor bed y the phosphor, and it is converted to |onger 2od wavel ength. The
" and 2" Ilg @g d?%ﬁb?ﬂ@?“ﬁﬁd the desire emssion is produced. As
the shown Fig. aGubsirdte | i ght emtting device convert the I" W light of 405nm

wavel ength to w de spectral ran e, of visible light, that is, white light, and
at this line ’EH‘@"&’ er‘s °F am;s 000K and. CRI is about 90 to

about 95. [17651@:9:»%%&@%& u* ; fﬁmﬁﬂrﬂ%&ﬂ%h{g%%ﬁord' ng to
is applied fo

the invention hop r the light emtting device.
The enbodtaRGef Fl"!'l’g% ?%[ em tting diode with about 455nm wavel engt h

and the phosp .ﬁm €1 WavelddGthSTHRAIGRE tHE NS
conmpounds in Bﬁ) rati o IBL he phosphor |s{8gorrpose f Cu Sr ga Si O

Eu whi ch 99ugringay, emn@nmthsl tpruingdigdGandngt h at about 592nm Ph 0.1 Ba

about 527nm AR(HAIRALE Eaitubgctod coufsthgt Sy R PSRk BV ERETD 7

have pezatothenaé therplmlityiof setrndes57nm [1781 In such an enbodi ment, part of

I:Ilhgdlen: tsI :lbsglr]%e%eﬁ We“%hosgﬂﬂ%eg% | s converteﬁoaﬁ'(l)nge egi teing

wavel engtﬁhﬁwmﬂmnaar\@@lﬂdioﬂ tqpper, jan W;FQ%F‘Q sguaining lead) andéor Reppateaeni ssi on

is pr odtﬁm tgﬁ"?g@w 'L@nﬁdn% el fﬁe‘ the I"
blue lig about 5nm wave ngth to w Je Sp%ﬁ%m@?ﬁ:ﬁ%&?% bl e

light, t eephosphate ppiteining; \eadiand/aneppper: ortany sombipationthezesb| or t enperature is about
4, 000K to about 6,500K and CRI is about 86 to about 93. [1791 The phosphor
of the light emtting device according to the invention can be applied by

singl e chen cihe dghtpeniting devicoxacsondingftoptiaimal,i whereih the phosphoh dneludes aconpound
besi des t %Q'IIEFB;E elation to Fig. 6 and Fi g 7, which are expl ai ned
above. %g?g@cor oﬂ( %e descri t| on above ; mitting device with
wi de range of E(M@t)bfm rePeHALSy 02%@@%)'&@4&@ MHOK or (About

10, 000K and superior color rendering index nore than about 90 can be

real i zed by using the | ead and/ or copper
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 S¢, B, Ga, In, or any combination thereof:

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

M® is Bi, Sa, Sb, Se, Y, La, Ce, Pr, Nd, Pm, Sm, By, Gd, Tb, Dy, Ho, Er, Tm, Yb
Lu, or say combination thereof;

X is F, Cl, Br, I, or any combination thereof;

0<ax<2

05b=s2;



doped chem cal conpounds containing rare earth elenents. |ndustrial
Applicability 11811 In such a wavel engtg conversion light emtting device is
capabl e of applying on nobile phone, n 5te book and el ectroni c devices such
as hone appliance, stereo. 23 WD 2006/ 068359 PCT/ KR2005/ 002332

t el econmuni cati on products, but also for customdisplay's key pad and back

| ight ap- plication. Mreover, it can be applied for autonobile, nedical
instrunment and il- lumnation products. 11821 According to the invention, it
is also able to provide a wavel ength conversion light emtting device with
stability against water, humdity, vapor as well as other polar solvents.
11831 In the folef@ERy descri bed enbodi ments, various features are grouped
together in a %i&gyi_ enbodi ment for purposes of streamining the disclosure.
This method of "dTSTlbsure is not to be interpreted as reflecting an
intention that Whaeghpi ned invention requires nore features than are
expressly reci t$d<tj<n each claim Rather, as the following clains reflect,

i nventive aspect's |8 in less than al | features of a si ngl e foregoing

di scl osed enbodigr&g; Thus, the follow ng clains are hereby incorporated

into this Detail eg scription of Enbodinents, wth each claimstanding on
its own as a 586 3fe preferred enbodi nent of the invention. 24 WHAT IS
CLAIMED |S: |. Aslgght emtting device, conprising: & substrate; a plurality
of electrodes provided on the substrate; a light emtting diode configured to
emt |ight, the'lfil’gi‘n *emitting diode being provided on one of the plurality
of el ectrodes; a<ghosmaar configured to change a wavel ength of the Ilight, the
phosphor substantially covering at least it portion of the light emtting

di ode; and an el%ltﬁrﬁ'cally conductive device configured to connect the |ight
emtting diode with another of the plurality of electrodes, wherein the

phosphor oY T6eed el WAALLaccOHling bt Lidth | %&ngﬁ]{@,ﬁg@gﬁ%@sﬂ |icate

contai ning | ead and/ or copper, an anti nonate conta r copper, a
ger mi nat e ‘ewpuRd Arvine farmyleLA/ or copper, a gennanate-silicate containing | ead

and/ or copper, 'ohpante .@(‘mwlpi ng | ead and/ or copper, or any conbi nation
t hereof. 2. The‘(lmi g?:t m ?tl ng device according to claim 1, wherein the

phosphor i ncl udes 'Wﬁfﬁﬁbhﬁd'%ﬁﬂ%ﬂ@ik GeOxrh (M'.0y) (2)
a(M 0) b( M220) - c{pdefh dAN% 000r ' M Tg(M oQo)' h( MBAy) (1)

M! is Pb, Cu, or any combiustion thereof:

M’ is Li, Na, K, Rb, Cs, Av, Ag, or any combination thereof;

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

M* ig Bi, Sn, 8b, Sc, Y, La, In, Ce, Pr, Nd, Pm, Stn, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,

Lu, or any combination thereof*

X isF, Cl, Br, |, or any combination thereof}

0<a<4g

0<bx2;

0<e=2;

0sd=<1l;

0<e<l;

0=fx<l;

=gz,

0<h<2;

1€x<2; end

1gy<s.



wherein M is Pb. Cu, or any conbination thereof, M Is Li, Na, K Rb, Cs,
Au, Ag or any conbination thereof; M |2%Be My, Ca, Sr, Ba, Zn, Cd. W or
any conbination thereof; M is Sc, in, or any conbi nati on t hereof; M
is Si, G, Ti, Zr, M1, V. Nb, Ta, W I\/b or any conbi nation thereof; M is
Bi, Sc, Sh, Se, Y, La, Ce, Pr, Nd, Pm Sm Eu, &, Th, Dy, Ho, Er, Tm Yb,
Lu, or any conbination thereof, Xis F, d, Br, 1, or any conbination

t hereof; O<ab52; 0< _b52; 25 0<c52; 05d58; 0<eb54; O0< f< 3; 0Sg58; 0<hS2z;
150S'!; 1Spd5; 1< _x32;and 15Y55, 3. The light enmtting device according to
claim1, ere:@ré QK glpqsg& I ncl des a corrpound havi ng fornmula (2) a(M
Oy b(M2 5 & ylai shs Wheseindbahpsphar o) ' g(Ge2) ' h
.0y) (2) Mﬂﬁd@hl&o%owﬂhmn frmuleys)any combination thereof, M2 is Li, Na, K

Rb Ca, Au. Ag, rrbl natlon t hereof: ,0 is My, Ca 3T, Ba, Zn, Cd,

Mh, or any coanﬁéﬂ?o ¢ EdelzOh dOME2Qa) " e(4/02) S )Y, La, (bh, Ce, Pr, Nd,

Pm Sm Eu, d, whéreinDy, Ho, Er, Tm Yb Lu, or any conbination thereof; X is
F. d, Br, 1, or an conbi nation thereof; 0<a5 4; 05 b< 2; <o _<2; 0<d<_1;
05e51; M'is Pb, Cu, or any combination thereof;

M? is Be, Mg, Ca, St, Ba, Za, Cd, Mn, or any combination thercof:

M’ is B, Ga, In, or any combination thereof;

M* s Si, Ge, Ti, Zr, Hf, or any combination thereof;

M? is Bi, Sn, Sb, Sc, Y, La, Ce, Pr, Nd, Pm, $m, Ev, Gd, Tb, Dy, Ho, Er, Tm, YD,
Lu, or any combination thereof,

O<as<l;

0<bsy;

0<c<8;

0<dx<l;

0<exl:

0<l<2;

1 £x£2; and

1<yx%s.

5. The light emitting deviec according to claim 1, wherein the phosphor includes a
compound having forraula (9)

M0y b(M?0)-c(M*X)-d(M* 20y (M %03 FM’;0,) £(8102) h(M*0,) 9)

wherein

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

M? is Be, Mg, Ca, Sr, Ba, Z1, Cd, Mn, or any combinarion thereof;

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

M?is Al, Ga, In, or any combination thereof;

M? it Ge, V, Nb, Ta, W, Mo, Ti, Zt, Hf, or any combination thereof:

M?¢ is Bi, Sn, Sb, Sc, ¥, La, Ce, Pr, Nd, Pm, Sm, Ey, Gd, Tb, Dy, Ho, Ex, Tm, Yb,
Lu, or any combination thereof;

X is F, Cl, Br, I, or any combination thereof;

0<a<2;



Osf51; 0<g<l; 0 <h!52; 1Sx52;and | SYS5. 26 4. The light emtting device
according to claiml , wherein the phos%‘nor i ncl udes a conpound havi ng
formula (5 a(MO ' b(M0) ' c(Al AGB) d(M330r) * wW2) ' f (Mc.Oy) (5)
wherein M is Pb, Cu, or any conbination thereof; M2 is Be, My, Ca, Sr, Ea,
Zn. Cd, M, or any conbination thereof; M is B, Ga, In, or any conbination
thereof; Md is Si, G, Ti, Zr, H, or any conbination thereof; M3 is Bi; Sn,
Sb, Se, Y, La, Ce, Pr, Nd, Par, Sm Eu, G, Th, Dy, Ho, Er, Tm Yb, Lu, or
any conbi nation thereof; 0<a5l; Gsb52; 0<c58; 05dsl; 05e< 1; xf<2;
1< x52;and | $y! 5 %: The light emtting device according to claim1,
wherein the phosopﬂbf- t ncludes a conpound having fornmula (9) a(M 0}
b(MZOyc(MBX)' d( MiZOx 4 MdadB) ' f (Msa(p) ' g(Si Or)' h(Max0y) (9) wherein M is Pb,
Cu, or any corrbig#i{an thereof; M is Be, My, Ca, Sr, Ba, Zn, Cd, M, or any
combi nation t hef T M is Li, Na, K Rb, Cs, Au, Ag, or any conbination
thereof; M4 is Alge€l, In, or any conbination thereof; M is CGe, V, Nb, Ta,
W M. Ti, Zr, Hf,_or any conbination thereof; Mais Bi, Sn, Sb, Sc, VY, La,
Co. Pr. Nd, Pm OSESE Gd Th. Dy, Ho, Er, Tht, Yb, Lu, or any conbi nation
thereof; X is Foddgi®r. |, or any conbination then of; 0 <a52; 27

0<h<S$;

I<o0<2

15p<5;

| <x<£2;8nd

1sy<s.

6. The Jight emitting device according to claim |, wherein the phosphor includes a
compound having formuta (14)
a(M'0) - BM?,0) - cM'X) - d(Sb205) - (M 0) - f(M*.0,) (14)
wherein
M’ is Pb, Cu, or any combination thereof;
M?isLi, Na, K, Rb, Cs, Au, Ag, or any combination thercof;
M’ is Be, Mg, Ca, Sr, Ba, Zn, Cd, Mx, or any combination thereof;
M*is Bi, S, Sc, Y, La, Pr, Stm, Eu, T, Dy, Gd, or any combination thereof;
X is F, Cl, Br, |, or any combination thereof;
0<ax2:
0<bx<2
0<cx4;
0<d<8;
0<e<8,
0<f=<2;
1€x<2; and
1<ysSs,

7. The light emitting device according to claim ], wherein the phosphor includes a
¢ompoung having formula (17)



O-c b58; 05c54; 0<_ d<2; 0Se_<2; 05f:5 2; 0%$g%10; 0<hS5; 150S2; i 5p<S;
15x52; and 15y< 5. 6. The light emtti device according to claima1,

wherei n the phosphor includes a conmpound having forrmula (14) a(MLO' b(M20'"
c(MX)' d(sb,05) ' ¢c(h30' f(MAO) (14) wherein M1 is Pb, Cu. or any

conmbi nation thereof; M2 is Li, Na, K Rb, Ca. Au, Ag, or any conbination
thereof; MBis Be. My, Ca, Sr, Ba, Zn, Cd. M, or any conbination thereof; M
is Bi, Sn, Se, Y, La, Pr. Srn. Eu, Tb, Dy, Gd, or any conbination thereof;
Xis F, . Br, I, or any conbination thereof; O<a< 2. OSb< 2: O0<ct4;

0<d58; 05_e58; 05fs2. 15x 2;andw6é< y55. 7. The light emtting device
according to CI%M@MWMWM EMR0n gMED) hMSed uld) havi ng
fornula (17) 28hepdiM O L(ML2Cpc( MbX} dGe03' e(MBO) . f (MAB) g(MseDd)' h(MO, )
(17) wherein M I's Pb, Cu, or any conbination thereof; M is Li, Na, K Rb,
Cs, Au, Ag, or Mni§ Pbdvihioneny combimationsthereof, N\ is Be, My, Ca, Sr, Ba, Zn, Cd, or

Thercof: VB i o EhMA: K, R Ry g oluny SomblhasferrertSh, 01 onbi nati on her eof -
M°® is Be, Mg, Ca, Sr, Ba, Zn, Cd, or any combination thereof;

M*is Sc, Y, B, Al, La, Ga, In, ar any combination thereaf;

M? is Si, T§, Zr, Mn, V, Nb, Ta, W, Mo, or any combination thereof:

M® is Bi, S, Pr, Sm, Eu, Gd, Dy, or any combination thereof;

X is F, Cl, Br, I, or any combination théreof;

0<ax2

0<bx2;

05cx10;

0<d<10;

0<e<l4;

0<f=s14;

0=g<10;

0sh<2;

1<0<2;

1spss:

1€%x<2;and

1sy<3s.

§.  The light emitting device according to claim 1, wherein the phosphor includes a
corapound having farmula (20)
a(M'O)b(M%0)-c(M*X)-dP;05e(M0) fM“0;) - 5{ M*02) - B(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 8e, Mg, Ca, Sr, Ba, Zn, Cd, Mn, or any combinstion thereof,
M?is S¢, Y, B, Al, Ls, Ga, In, or eny combination thereof,

M? is Si, Ge, Ti, Zz, Hf, V, Nb, Te, W, Mo, or any combination thereof,



NI' is Bi, Sn, Pr, Stn, Eu, Gd, Dy, or any conbination thereof, Xis F. Ci,
Br, 1, or any conbination thereof; 0<a§%; bb52; 0< c_<10; 0<d510;
05e_<14; 05f<14; 0< g< 10; 0< _ h< 2; <2, 1Sp $ 1<x<2; and |

< ySS. 9. The light emtting device acending to claim11, wherein the phosphor
I ncludes a conpound having fornula (20) a(M CGb(M20)' c(M X)' de2Csc( MO
f(M203) - g(MQ) " tt(M Oy) (20) wherein M is Pb, Cu, or any conbination
thereof, M2 is Li, Na, K, Rb, Cs, Au, AS. or any conbination thereof, M is

Be, My, Ca, Sr, Ha Zn, or any conbination thereof, M is Sc, Y, B,
A, La, Ga, Jr. I ngtion thereof, Ms is Si, Ge, T|,Zr H . V, Nb,
Ta. W M, or r%b’ %ghﬁf‘n&ng’an&b (G B Cen i‘b,ﬂrm sombipationsthereof, ' sm Eu, ad, Dy.
Cc. Tb, or any OﬂﬂF'O@BtQDoﬂdﬂ?E&ﬂﬁmuoXH&-ﬁﬂ a, Br, I, or any conbi nati on

t hereot 0<a52; O 12; 0<c<16, 0<d53; 0eb55; 0< f_53; 0bgS2; 0<h52;
15 x52; and 1 Sk‘g 9 The light enmitting device according to anyone of
the clains Ito §gpdgzxein the phosphor includes one or nore single conpounds

or any conbi nation T her eof .
D<cx516;

0<d<3;
0<e<s;
0<f<3;
0<g=<2;
B<h<2;
1 €x<2;and
1€y=<5s.

9. The light emitting device according to any one of the claims 1 10 8, wherein the phosphor
includes one or more single compounds or any combination thereof,

10.  The Iightmﬁtﬁngdevicemogﬂinguomyonaonheclaims I o 9 further comprising
a sealing material confipured to cover the light emitting diode and the phosphor.

11.  The light emicting device according to ¢laim 10, wherein the phosphor is distributed in
the sealing material,

12.  The light emitting device according to any one of the clams ] 1o 11, wherein the
phosphor is mixed with a hardening matsrial.

13.  The light eminting device according 1o any one of the claims 1 to 12, wherein the light
emitting diode comprises a plurality of light emitting diodes.

14.  The light emitting device according to any one of the claims ! w 13, further
conyprising clectrically conductive paste provided betwecr: the light emitting diode and the
one of the plurality of clectrodes.



10. The light emtting device according to any one of the clainms | to 9
flutlter conprising a scaling naterial ggonfigured to cover the |ight
emtting diode and the phosphor. 11. The light emtting device according to
claim 10, wherein the phosphor is distributed in the sealing material. 12.
The light omtting device according to any one of the clains 1 to 11, wherein
the phosphor is mxed with a hardening material. 13. The light emtting

devi ce according to any one of the clains 1 to 12, wherein the |ight

emtting diode conprises a plurality of light emtting diodes 14. T e light

emttin d a r any one,,of the cl ai 1
conpri signg ??’ C‘wﬁ F?’Rg% E'f-%/ ?‘B%t‘%é'@?sr t“l’lemi :fb‘hl“em tting
di ode and r@@emﬂimnﬂh‘s&wr&ﬂeemeﬁmmmﬂe éRitddgpdioddre |ight emtting

devi ce according to any one of the clains 1 to 14, further conprising a
reflector configured ID reflect the |ight fromthe light emtting diode.



