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Description LI GHT EM TTI NG DiVI CE Techni cal Field [1]
The invention relates to light emtting devices and

worenoe/ogssfd i cul arly to Iight emitting devices iPCI/H&200§/002332

at least one light-emtting di ode and phosphor, the
phosphor including | ead and/ or copper doped cheni cal

conpounds and converti . ength of |ight.
Background Art [2] Li gﬂ?‘%ﬁ'ﬁiﬁi@hdevi ces (LEDs),

whi ch used to n are now
used for aut onﬁ‘g¢gﬁaﬁmlﬁ:‘rgmgt p@mﬁct s. Since
l'ight emtting devices havpem@ﬂlm@](pl ectrical and
mechani cal characteristics, nds fgr light em ttlpggnt

devi cld IepHOR Elses Wérg@ég@&ﬂng CHeRABE FIs, P%‘C‘t‘lﬁﬂ% fo
I P&Iﬁft&ﬁg Sevides \Mtifhlicﬁng_EDSasab@e hgmreﬁﬁﬁinlggh(&fe amd phosphor the phosphor
al ternatiyve, t uor es n
g LAY 4RO PR RERL ps e 5P BB SO RRing e
r eabvdeatgtionfl laghtwhi te | i ght i s proposed variously.
Normal |y, realization of mﬁkg &W%er@hnol ogy is to
ut the phosphor on the Ii I ng di ode, and m
ItO he ;irifglrtgnyttglgmsiicw([fﬂﬂﬂm winieh biaglHo be b ed fion gledtnr@de d;mdss, are
thEow %Qé?ﬂ%ﬁﬁ%o&%ﬁ&' 4nd 1ﬁﬁl‘3ﬂﬂaﬁ&?gﬁhﬁc§t§’ RQhee lYng't Eltﬂlttm%evices have

converts he wavel eﬂgap5 For ex fown 1 n
08FUPSTTRe gcﬁgcq}\@n@ gregbanical Ch?géct%rl%%élemag@ﬁ fos hghtqrpgfing devices

dl PR bewhintheak. @rﬂ@cﬂﬁb@u@ftoem tlhteMtsanMﬂds IWaDYEdre M dhsing as an

- 49 ter| whi ch absor bs
" i Mo R b ERe TNt Brinse i o v s
yel | amlLED fecigiiogynostutiph ,fonmhalcztatmmyf whitelightfi§ propnged variously.

WaNShﬁﬁ%ﬁ peaﬁi&ﬂ[qjt(ﬂ %hl@flré@ﬁecﬁp&gégﬁqo %i_\ PL %hor on the the light-

usua
r aﬂgétlmgdlnécr,raod/nm ithshpringarty envigséon fzyo he lasghn eouigngd@Ede and the

ang-cGhlar{ Q%s@fon@ﬁﬂlg ﬁfe' ﬁ?lgsﬂlﬁ)g ¥fich §orﬁ@ﬁ§’ Ehquavteféngg’l lﬁor example,

Ther ef ore, roduce LED Wi
cOFTAORHah Y 9 3918(0&97%@ }%(5) ¢/ 1@7% @ﬁea% lalpé hcgh%ﬁmlétﬂ%% diode, which is
Si gdpaBle of entitiag & pedk wheclstighh B 450L499him, antl Y SG@RGupdhaterial, which

t odrspitg TRBE RS Pk el b SR e R it fmosty)
ar ehigh eahyflowve difidrent vEDslcagth fusudiak gi thasbaivbal lightt he
vat efy, WaRps in QJchpaodsﬁﬁl \751% V]?l@lt) c%eﬁ?érﬁtu‘f@?&tngp s%?r%?v which is

mae)/ cause chan racteri
gt

é/etrﬂboubﬁt@g@@él@pg and CR@ é(ﬁlele}eHFEélﬁg ileder) Prabpnieaf to 75.
[ SThAERRs, G 1@ dhidl, to PpRRIUBE BR&Mitel NS Wlth%ldr%OQQﬂ?anbM %ﬂd E@lor

sol ve the orenent.i oned pr prior [t

i sCCHIPCEY}E ?iat afc Sﬂﬁ‘%@arp‘f’é]%‘&ﬁto? qﬁ/"éﬂ? E’#‘hf Et 15°BY P eéeasons why

li gty vﬂnﬂetligihng)ldtemtlce cclarfaé:lh@ wﬁldﬂmaldaeﬂgl\medﬁelr ghgsphors

8]; wg ch h are ﬁ%ﬂg@g@ﬂc‘e lgﬁléé gréeo uﬁflyrlénr? %?el lﬁ e w%t%? VaPOf or%%ﬁlr

gr sdvent, andalms unstableness may cause changes in the ermttmg characteristics of
white LED.

Disclosure of Invention

Technical Problem
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.



about 90.[6] Another object of the present invention
is to provide a light emtting device in which desired

w@ 006/06838Nper at ure or specific col or coordi nat PGIK&2095/002332
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be easily enbodied. [7] An additional object of the
present invention is to provide a light emtting
devi ggothdr bbjeapsfale Prekentiimesatents 1o Fpﬂﬁv@ddzl B@taﬁﬂmalg $l@vice in

d, st abi
wet Fich TRGPHEI S BRberis SaPaAt st FarnRdfidrfe Rty embodica.
Vav elengiditiaahvigediod thd prgdent awentidnng taleneicle adrght emitting device
|p Lglilth %grovls@ ngﬂﬁe %b%@g‘%ﬂ agﬁg@fog;r/iﬁgfrrnn%%%g&{qﬂg%a.gainst water,
Thleurgigity @@ wellres pﬂ@r nolar spleambstrate, a plurality of

el ectrodes provi ded on t%cﬁﬁt&qsahﬁmﬁl light emtting
di ode confiqured to emt the light emtting

di odeVpeslenglipeanypigica light érmtg@g devige g @f%l(iqdyhb@ne embodiment

el &ﬁisfs&@ﬁ%th@l'ﬁ@%w&ﬁﬁ& %Qi@f/ic@l}br vfd@d Rﬁ%ﬁﬁ%mg light. Tlhe device can
stantia

way e th of the li
e s, 2P HR or el o PRt e Re ot it cmilting
dl didee caftbuenl teleatt light,aht Yigloomd uigi dieded@inigCirovided on one of the

glfut1 elrl& g el{:cﬁ 0(2‘18%1 &ﬁ%ph‘bﬂ h \{:pg ?%}%aéggg w%]'\fglgﬁgtﬂ”o'fpﬁ l%ght the
enﬂmph@rﬁ sulzﬁmslaléx eaMering @hleﬂsﬂa@ortwmftth@J ightniiftigitdiode, and an

e%lééttleﬁlﬁ&\ﬁuﬁ&w%%vice eb r& 1 dahAddr the nght Eﬁlﬁgﬁg dioBe with
der provided e end of one o

pI %F?Oélilqrt"&[/ﬂl?fp Wégﬁ’ ofgl qCFrﬁﬁ?S em tting diode pr ow ded in
t he dhaf@h&dmi®idiméheohdigbit veilf this iRger@iioadeligiiehidinddedice can

etk 2 hugoa oG of Sn M REREIoV R ALmE LR G & of the puraity
sublSlba tailght ymovediodg patvided ars thealiquiprtaldem, e liphteenhittgigtdiode
Con%ﬂdg%e%ﬁlﬁgﬁ&yo@que%dgg %ﬁ&é ﬁSﬁ'c‘o}{ﬁ%}ﬁE@ H%Ha}{g 9%‘5bﬁgngth of the

o] nnect t dev
anbgiiethe ghospherssubstantially C@?erma?cg deast 4 11(0}10111 Al @A digheemitting diode;

e”ﬁlﬂﬁdﬂ‘@éﬂtﬂ@ﬂl@/sdoﬁﬂﬁdﬁitve Wb%tie EdtifRrukdaMBRbARRY thR lghO&thitting device

emt (g ﬁ %\’I n@a qi:le a housing, a heat sink at

| e¥ thes oI the,Piyraliy 8 m the housing, a plurality

of | Qﬂdnétgafmﬁquﬁrﬁmtdedslﬂanttmel theahvaitiok, a Hglitleghttmg device may

em L I ode ad

fri fud hﬁgg%oar Seag Sl ?He?s? tlgfl% %orYl({e%d dn \;ﬁ\gvheo?ﬁgmé,t%& ¥ahty of

t hbadi frgmte$ ptdveiephmsmmas smlqbshgﬁtenmtllng dewleendumgedaan one of the
%I'alff’y gﬂ%ﬁd F}ngg %Pﬁ)hb%s%ﬁlﬁgﬁ?g& td E}angé g%’vel@ %{h 8 the light, the

ctric condu evi cé configured to connect
t h Bhasplers S'd?ﬁetnﬂa%ngcwe&aé apicats aeeaTed! the lighienpitingsligdeyand an
?L elb&ﬁ@alf}fcﬂﬁiﬁﬁctw[eli%hca—lh&a@wi&pﬁ%n?&t tmnsghs &@ntmgﬂgfohe with
is inv i ncl ude al unmi nate type conpounds,
| e3P fgh'e P@Wﬁﬁgyofd%?&e#aafﬁ?% i cates, |ead and/or copper
dopedhanphbsphoairensiseadwah dimmvenxpxpemayj ophde aluminate type
geg ﬁg‘ leeidea%g/o? %9{)1?6'} dgf? sgf/icage%pﬁgd and/%r cogger doped antimonates,

e-silicates
phl@@ﬁd) h@d/elscomcr dappd gommrinates.i load aﬂd&r@@pperw@p%gqmaﬁ@m silicates,

PhRaPhRY/Sr SRS &pelbhddphtket, Br ani B(Yrﬁﬂltnht%h @ERoRIFPmulas for
provi ded. Description, of Dr.aw ngs [12] Further aspects

of Phasehers GRpHSIH WidythisdnypHar arstlsgAVidehsi der at i on of
t he Description of Drawings

Further aspects of the invention may be apparent upon consideration of the
following detailed description, taken in conjunction with the accompanying drawings,

in which like reference characters refer to like parts throughout, and in which:



followi ng detailed descriptign, taken in conjunction
W th the acconpanying drawi ngs, in which |ike
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and in which:[13] Fig. 1 shows a side cross-sectional
view of an illustrative enbodi nent of a portion of a

c hl P-Hiy.peshpas K@g:% droghkctedtiat tflbwg)fdﬁ\ﬂlh&&aﬁ%ahsd(ﬁﬂﬁbnt of a portion
Inve SNOWS
v o Sndb vte e ids My Sitlnd dhic e PR it b Simvantions

a portig.arshofvsa sideprosgipectpmakeige dfiaghifusentitd ¢mlgo<hhavmtaé a portion
co V2 .

CPO0l Bhalke MARIR YRR clpflallip eeteor
enbodiigrenthops agidseresseactmahvipw g an yihsphekegeodimgpitol a portion

e nbft 4 laﬁﬂ) Gy b&&ag@l‘gﬁt%hﬁiﬁﬁlg\@ef@e EbsBstdrd Wi‘ﬂ*ltth@ Ravendi6i;
C |O? I ew.o

i | | uﬁlg a4t q%\ggs é"lﬁgjgf‘dqr?'sg ﬁpct&ﬁna vigy a2 ﬁl\{t&paqu grgbidiment of a portion
enoft 4 hglg edﬁmmg @etioe fchlh@h W\ﬁ-rcoﬁﬂﬂsmtsm&ntﬂnsvmtréntmhg s

i nve %nshoLv s1(fe qgoss seg' onWFw%wSolf &Sot%rolﬁﬁ%tfc'a% VE o%[%gmment of a

Vi ew o% anotRar 1T Ustrat Ve shodl Fent
of pertiph gha lighti amilting dgeice der High phwgtmpw@nt eithn mlsm@muon

Wi th ﬁ%'@sh'oul\é %Hﬁﬂuﬁg ’s%e[ca%ln &t i Ggev IeC i ﬁﬂbé iR gurmnescent

spectr ['um nescent
rralfnéWFIQ C%’éﬁ@ﬁ%f“éhtthlwmﬁmﬂ(m and nvention; and [19] Fig.

7 fﬂ | P, ot Ieﬁtﬂmﬁ@ epddirum &ffthé hghtl dnﬁ?ﬁng@ﬁlf{cﬁ wWigh 10@Mics€ent
WI um nescen er| o _anot her

nB8lr O tﬂé‘nf’?t?%ﬂﬂ)%ﬁme%e t d g{%] Refer to
t he attached draw ng, the wdBestdigddr conversion |ight
. 8%6 G SGahet Ry b ol aREBH R oo B HER iline device i
sepangatebycxptphal ineldtailoandths ﬂlghtsesnmﬁngedepica raatl iferphesphor are
beée(f)g{'ateilf &Spl&hé(gﬁ)tr eggqlésg 'of]gxﬂg Yakibh )A? f) Fi g. 1 shows

sectional Vi ew an i rative
enbodhigbhemifingdpided)i on of a chi p-type package |i ght

e m t tplgl a GeWis %%I&Q@&s%%&mnam&w dffah SldspuEend érﬁsbdﬁeﬁ of a portion

e package ljght emt evi ce
ool M grcazsHept smglies écemméteﬁfh{'sﬁ%ﬂ%% aeain. The cnip-

s u@@b padage llghteﬁmfm@&ﬁvﬁze mmy d@ﬁlpfr@é BiEldaSD pndbgth eﬁndfﬁg diode and a
subst rat e

en1t
e BB bRk o S Bl b Pl b8t 1.
enLight engitdipdied66 wayttibg lighuntiebe mousiedon oodef Bietehacagds 5. Light

eI @I‘ﬁftﬁﬁé: ghé’ 6 W%%étﬁﬁe&&%l@ctﬁj hF(Jugﬁ Efe@ﬁi%aﬁ’y céﬂdﬁ@ﬁve paste

f1ng e connect e ectro

5 %.Aan glctepdecaf rlngbhq:mlyﬂwhe@f‘c@ Ay 'wcno@n@ted[tgg ecxzpwattern S via an
erraalta&thegwdad@alwreeznt light with a wide range of

wavel engt h f or fromuyltr ol et

vier il oS AP sRicheaut LARE S tehenbfp dor

I neneantpl@ironaultdviolay mrghemmmblaglgﬂt b encaerdba@timbhttoensistght with this
e

ot LA Rl e dnd) bRIRRL O tind afjie nfby be use.

and ﬁhasvﬁoaeeg @phqsnbomcgm s@aﬁamel, Aghayi keduadgd omtiee t0p and side

phfg@@é’&f thé Hglﬁ%ﬁttﬁ%%devlﬂ tihe HROShbAMEBhEIGBN TR tH‘sCngrﬁlon may
and/ or “copper doped al um nate type compounds

| elugs dagrang/op pPey 6%‘& alyminglet¥Re CqRyndn é?aéranéfaﬁ gepper doped
dogiacht@ntdatiA@oesoppet &atdandmohateOPP&T ardipfe@pper doped germanates,

g€l 08 Qr?&/grs ¢opper doped germanate-silicates, lead and/or copper doped phosphates, or
any combination thereof. Phosphor 3 converts the wavelength 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



| ead and/ or copper doped gerpanate-silicates, |ead
and/ or copper doped phosphates, or any conbi nation

W@ b@see#359 Phosphor 3 converts the wavel engt h oPCT/K&2005/002332
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light fromthe light emtting diode 6 to another
mavelength or other wavel engths. In one enbodi ment

ﬁble’ﬁinaWbb Appli¥dso lhghtefﬁimttﬂfg dibdres bﬂt@hﬁlxi@ phdsphor 3 with a
ﬁ@gl e | onver si.on

a5 e 0 B Sk i P BTGB APV Rt ed to the
p hbatfzmo of RghMenhttlag ldarde érvifteg nrixia g phospher b avittiestdcmiratlg sbmductive
in E}S Yy ng phosphor 3 may also be applied to the bottom
of it emtting diode 6 after m xi ng phosphor 3 with
el ectlmiedight gmitdraidieds ¢ enqyatedeongubsirg I mey bejsged with one or more

e ”%etﬁhh@ glawrfa;&el(ﬁpﬂ&tpﬁ&eﬂ g b lpth%ltaa o qqek‘%gwd %@e 5234 8dight
W one 0fr. er S or
beCBitiREdiods gnlﬁ“é)SPlE% 3 g g?’f?@ dlﬁsérd'&‘ecgi‘n ¢ E Stef‘]r“f%mate“al

di d)dﬁlgﬁthe Bi‘mlapdfrnf Sﬂch:aﬁlaahﬁowhﬁg dicsliadi ibdésedbédint BS. Patent No.
h a6 qgﬁl &}clzﬁ E%epé%t b1, Io?%orgt Ibn g%fterg%cé) gséf‘lhg:an Su C h

no ac’turl ng escr i ent
6 482Ph682¢10r \ana*yrpqr@rhe teabyanil/ioc oonper é@}@d chymroat @rrepmmd(S)-

' nPl'l(Es?h@tnj fnﬁfﬁ%ludeg)%]: ofF H%?@%lﬁ%le %h P&ﬂiﬁ)ﬂduﬁ@s l'[‘ﬁ@gm%e
hem ca oun hosphor
nagpmmnddléay&me 8R CRGISIONGIcAl P %Irf‘éﬁm@ r@ahfm H#Onnyrigeabout
SI mﬂn@n (fﬁﬂﬁ)%tﬁiﬂ 508 RAMRURBIGIT, TF IfiM mkssxﬁnm fO700nm. Phosphor
om about 440nm.t o .about ﬁgOn f rom about
c oD P e B e I B SRRS ST RS ROn peak as ex-

thp]hthﬁdﬂ)onay i ncl ude one or nore single phosphors,

5o R LR, AR £ e o
enivhen h@htd:m)tﬂ@g @ligrigyd r@mlt/esmqwm n} 4 gwerwnemlyl phprimary light
e ”ih%ﬁ g s@ihﬂl@a%e Eh(fs?ﬁ@ﬂ(éﬁ &8s aﬁp]gﬁfspﬁér@smﬁ}nﬁpé’&lrveﬁ WRAMnary light to

eprlrrar hen ma nul at e phosphor (s)
and!ighoy %I)W%Ve}ﬁélﬁthé% b arongn light) njél?eyprvm@mhgbbfram the light
| | ghfeting &1bdé 6@@@ thewayidendidhf Son{ @c pREPROIRIYark Idﬁhts):d and mixed

¢ nReB Ry P Phe Toreo bt frionible et ey p &fyiced from

anhlgh‘nemmﬂmg cgekcitein e ¢rhixidimemproedsstentrivittethiciovartioof more than

L S 1t clth PR BPRG! AR RN NI AL EATM bBlired together.

nent consi st ent
t hMS)“FQY% il the MIiX Ry @lie wh AhespBosjigliused Rroperdy. @pesééscolor of light,

th@dloﬂ"'t@ﬁ@eﬁhfr@ %@'@RI%%@' pivideaks Can be m)unt ed

| o OadesaprBper ighe ggE Piieclivs € g guBPORE g ded i

t epipBphdrl @¢ pﬁi]ﬂrlSZRbnt&ﬂfedbbemxlasMe(ﬂaﬂor tEeﬁlﬁﬁ]:raAﬁ*e or spemflc color co-
degr%makagg é}lb Y ov1dedtet§ emal nl]ah%e fgco?orqgnelpera&ll f})rheg(ample,

gund” Fneruded
C ofromcﬂbbetdZ 00t todabouf &60@16 Ioo abque@ ﬂr@@@@lﬂ @né’oo ¢0191p1®od¢rmg index of

co 1%5te991a9 %J&@b' PherEBR, PR 1@411%111%9 dﬁ%@&%ﬁhwm Wt

range of col or tenperature or exa from about
2. POSRIANgMEHbRsed forpectimniclsyiaes $erhge BRMEH@PBNCED [SEFeos,

r etiebinadimidadex d&ficd! ﬁﬂi RF irltéYadt/cReiek c&@emhli racyﬁ Ot light
I stent .w. t

t he | tt
i iRy b e MR F BB et L eogobites and
hoitenapplongnedess ecarse olsy firevide similancclat ieatpectwies &gl CRI to

anﬁilogé)(gf th@‘ifﬁ[ﬂlé)fiélﬁ)(t erior customdi splays. The |ight
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



emtting devices consistent with this invention may
al so be used for autonobiles and illum nation products

whewaess54 hey provide simlar col or tenperat urBGI/KRA005/002332
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CRI to those of the visible light. [29] Fig. 2 shows a
si de cross-sectional view of an illustrative

e nttﬁxturfe at th@f ofthp Ghipitpse pafck@getugm éMRﬁngJa@xK@Q‘ﬂ) bfi@pL1. The top-
|1 Ccée con i ste S |nv ntIO

* Tk PidkeRS s SRY Rl Elort Hhuhioh Ty RS R RPine tighe

t hemitiimydioté 6mo teydehiavdireation.n | ar structure as that of

the_ghi 'tcH) tt%/ a@@%éé}%ﬁt &gg{‘/ﬁ%&é’@lé tidg gnoqg tﬂaﬁ Sné ﬂgﬂtf é)i ttglg diodes

1. The to ave re
\Ammberfayum F@@It of weh |11|g§mmltttwm¥lt>% mMaygave érﬁltftrﬁﬁtg)eak
di Q/Q%l@l#l@ﬁbﬂﬁhﬁjﬁﬁ ioftrdiPh8§hoP B mdy8pkide b 9R1rallty PEsingle

packa tting devic O nore th
erf By b St DB R T kaBROGon S e q?gmh pluratiy of

e ntdrhp(mgdd magzl ®s re@yatb\Backaa @htﬁs‘pebemhy pe alkplwa\te trerighbemitting
fr &odﬁt/ 1? l.]ml ormFrc‘%lstngla&):ﬁ QII{] ({%}/néctﬁ{[gnals the reﬂector 31. As

plura e compoun eren em SSi on
peexplalfrctdemprecfptly btlow, dfe Iélas:phoeﬁn eusistepl withlthis ynvehtion may include

CORRQ YIS térb(ﬁ?p'ég Qﬂllnﬁhﬁg tyﬁ%ﬁg@um&oﬁﬁ Qﬁdlﬂpé’og?gr doped

applied to de and/or unif
di ticatesuicad apd/or P@pﬁlatl%ﬁ@ﬁgmﬁatte& ilgad agfl/of ﬁepneéfimf@t&?fmanates

3 1Iea&~§n(ﬁ61pé®!p&e&bp€@ ErohdhhtcysiR@k@Wead Hﬂ/@ﬁ&ﬁ)?wopbﬂ phosphates, or

consi St‘%ﬁ F hfl S invention may include [ead and/or
cofper’® 'baé’d’né Uh?'nate type conpounds, |ead and/or
coppén odopabtlodiinichcatesient eahl tldn thvontian pgredightd opétng device of the

anf:i;gn? %?F%DQ CL.I? ﬁl%h@l@ (y Iﬁétalcs%?ﬁgte %H&Fmg)e B{l%na%toﬁﬁfg? c%ﬁguctivity

cobysdva gfpemipinadptias msy conlyliysimsnbr hetifom thedrabbmitting diode.
[ 3ﬂlerk:f?9ré) M@ h EETRAGH B ccE m@{ ﬁ(m/er%z{)h)et Ilﬂhﬁlfhd'h\ﬁ%ﬁt Ff Q'Tleat sink is

ng emtt|ng devj ce of 81
. nPﬂOM d bengafhyihe dupiaspbgtiate, ttm heat inasp ﬂl*FaU%ht@% ng élé‘tde may be
gp&@gpztwd/hbye ef&mhd? li ght] em t t | ng device rrtaydeasn 'y

i ssipate.the heat fromthe di . .
Cher PBroHops s Ris ALy Rel of Shiskhffk Shffingapra porton
beoﬁmhufpa&ypcu padtagd fighd eheﬁmng silevnlce censpatan wdddhisemeatibn. Lamp type
t hﬁ‘%}{[%hﬁttm% lﬂl@gfcé g? %gl g Ge Q? eg!ggt 5 g??;ﬁﬁ%ﬁ&%}élh&gﬁ may be
shiswaed atstha en¢ poeng-lsk [iedrdpol «ktréﬁ/ oy Bayeija)s crfétup yaad one or
e nﬂl@fu T 'gnﬁﬁmg dRES b @ftthyqfro@décﬁlrﬁnhé ¥idge ﬁ@qt&aﬁe Whe&h number of

evice consi ste entio

t %@tﬁr’ﬁﬁwg Sirdes F‘WQPTB\Q@? B’ tg‘% dtﬁ’&ﬁ‘z ﬂﬂé%g &S eﬁ%h ?ﬂg?ml‘@c}?"e a
51difeint pek wavdicadeh finarh dieat ob 8thBByAbelefceba®df laght eméttiegdiode 6
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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 inside of housing 73 of the light emitting device for high power 70,



| ead and/ or copper doped congonents. [34] Moreover ,
t he di ode holder may include the light emtting di ode

WG 2@ndet3e phosphor 3 nmay be seal ed with har dePCTIER2005/002332
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[43]
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[45]
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[47]

[48]
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material such as epoxy resin or silicon resin. [35] In
one enbodi ment consistent with this invention, the

| aflmi it 4 bepakRPe ckpasbd (esutkide.ny Fﬁﬁ@\éf Rad MayhelTaveaymogude from
@n one, pal r of electrode pair [eads. [36] Fig. 4
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enbﬂ@llear@ el 68 n9rkdedfe Hfwed flohDipowed subpIg ade ¥iag§rb@ide from
:T? l{SP r consistent with this invention. [39] Light

device for high power 80 nmay have housing 63,
whi ¢ hn mheeyligho nindtting devgéds ferigh pogedi@@0sn the Flg. 4draksy hiar phosphor
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em t tA hghtaeuitmg devrce lﬁmrghglppwm:r cvosistestt et thad inkeritlingnay have a
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depeﬂdﬁed@hbﬁnﬁ%@ qlqviges cemﬁl&t@nt g thdhisdavennen ésat dinyted to the
nDitﬁJcﬁh‘gé YesBEDQVboL ) %tn@ Iﬂmlﬂl@fugé'ﬁﬁién EB GhddiGed Qn(ﬁﬂgj bR¥he char-
e f 0 conmpaon S. | Vi ce
¢ oF i e CEUASE Siodit PO e feﬁg@rﬂfﬁgﬁg’ g e
a pladtnaﬁ@ M((rlmter afwx/\pu)rt andlearldbeat ths smlm(t&):s Air or a
fan %atye g)hg)scphgp 90 s}srI ?n w?tg % Ven 1on T?(?llolvxllsght

em tting OnSsT oY TAVEATTI 0N 15 not
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St UGhUE SRy ﬁ%n@ﬁteﬁ@g{vﬁth @ik ﬂﬁ/@ﬁ(‘&i M9y %l&d@q%&ihﬁﬁ/or copper doped

acteristics of 'ﬁ]{lt emtting diod es hospho

VaGTEERY FHmBPUIFng ¢ phasphqy r@%;v %@pexmtﬁélar Udhand/qporisiblg dight, for
ne&\kaﬁi}ﬂé bl lidhe. ﬂ@d@@hﬁoﬁnd hRy sidluttet Alugfinatf, Sicaf¥) Antimonate,

XEIRLALY. PROSRIRL RONS' PRl o RSyt on s
Aluminate type compounds may comprise compounds having formula (1), (2),
and/or (5)
a(M'O)-b(M" 2O)-c(M”X)-dAlZO 3-e(M”'O)-f(M”” 203)-g(M"”' 0O p)-h(M"”” XOy)

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



[45] ( Phosphor ) [46] Phosphor in consistence with
this invention may include | ead and/ or copper doped

W@ b@aesss9 conpounds. The phosphor may be exci t BOI/BR200%/002332

[50]
[51]
[52]

[53]

[59]

[60]

and/or visible light, for exanple, blue light. The
conmpound may i nclude Alum nate, Silicate, Antinonate,
Gemmbﬁovaﬁm pRmM2he; Hir lekazﬂ;sle,, LioNaFRORIP @, @l ygeand/or any

C BBt et M i e orla R 5y TR BTty RERf i, Be, Me,
a( hBr; BEMn, ZdO vy, Mid()n: aAl cotnbihBion Tidva@HVM' mag bOoBe or more
)- gvaeg gl)ellﬂeﬁts %Mn)gnﬁ)% S(CDB[ é‘.g]ln\"{}ﬁﬂﬁ a'ﬁ%a%mbmugﬁ t}PPeof M™

at’ioh thered

o ey be ﬁmﬁw?ﬁ it Vi, Nordie B2, WoMop il a5y combingsion ghercof; M™
Rbmagﬁe BAAWn, 88, S@NALar camnt, N@”]brhn%' Bf, G(hqrbe@cy; HM Er, Tm, Yb,
TS, LS, Sl for S SR RGOS Spatin
t héesof;;0 d'< 2y< b €2;dne COi[ 2m)ge1 £ Bi W aleenth; @keneBIG< g <8;0<
R k- S R SV T A
Mo, acd/Qrb(dhy Od-otMiXed-adn thereof; Mmy b e Bi, Sn,
. Sorutgo s 0 ;oM & Bluiito B p
may tyvl@rq:n @a}’ g Pb .§u, a%ﬂ“{@rl%‘b’ %Wl@@%lth%?q oM may be one or
t hﬁlb@rﬁlon&afenﬁelérr%nts @r 6xzﬁn1ﬂe ALi; N8, K Rb {Zsz A,u a <arﬁ|i/(if a%y
O c&or%blnationéh%regf %/I mfy %e)?ng Oim%l” (H&alint gl?nglt% for e[x§61]ple Be, Mg,
a( hr; B&Mn, Od; Mﬂ%ﬁﬁ@/eﬂarw— dwmbination thereof; M"" may be Bi, Sn, Sb, 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<1;0<e<1;0<f<1;0<g<1;0<h<2;1<x<2;and 1 <y<5.
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 material which may transfer into oxides via a heating process
may be used to form oxygen dominated phosphors.
Examples of preparation:
Preparation of the luminescent material having formula (3)
Cu0 " Sr3 98AIMO25 :Eu...... 3)
Starting materials: CuO, SrCO AI(OH) Eu O and/or any combination thereof.
The starting materials in the forrn of ox1des hydrox1des and/or carbonates may be
mixed in stoichiometric proportions together with small amounts of flux, e.g., H3BO3.
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-fired 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.
Table 1: copper doped Eu’" -activated aluminate compared with Eu”"-activated

aluminate without copper at about 400 nm excitation wavelength

Copper doped compound |Compound without copper
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05 35 14 25
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72]
I mnescent

Ogogf Epr epar fat ! on: [ Pr epar at | on of ot he .
terral having tornula (b) (] WU or A
Si- 0aMIE) -(E)1'0) 06 A0, @5 ANSEST) e 0008 1 (M Spart i 3)
mat enik§n MRy l:%rI@QGu Mha/& any%o@b’maﬁ@n @ere&nﬁi"%ay%%e Mg,
COH‘D g]raﬁa %n Cd, Mn, and/or any combination thereof; M™ may be B, Ga, In, and/or
any combination thereof; M"" may be Si, Ge, 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; 0 <a<1;0<b<2;0<c<8;0<d
<L;0<e<;0<f<2;1<x<2;and1 <y <5.
Example of preparation:
Preparation of the luminescent material having formula (6)

Cu r i O :Eu...... (6)
0.05 0.95 1.9997  0.0003 4
Starting materials: CuO, SrCO3, A1203, SiOZ, Eu203 , and/or any combination
thereof.

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, A1F3. 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 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

Cu Sr Al
0.05

0.95

SrAl O : Eu
2 4

1 .
19997  0.0003 4

Eu
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and/ dheaHyUROMBICHAS |1%Hletfﬂ@¥1 @Effor f[xmplerﬁéresqxa@% ngromdes and/or
ma¢ £bdrakds rhdy BRixeanimyoichion®iri€y@pphdns RigeePwitH8Mall amounts of
hydro | des ar bonat es .ﬁi%e m de in .
o Breipeamelt APo5F rTORE 3y B Yk Tnitb ATCrR prosihig ghebou
of 1LARPQAC infaoredwocdrphesphédeFor abbiue2 hbwiis uA femnthyt the nfaiariatimay be
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o T R Pl TRE MMy Aeibsce Bak BB have an
rrasamtﬁélonmxwumwﬁh@a 45dmved, and si eved. The
r esultabnos: lcy é?%@ﬁ&f‘]@uznﬁ&tﬁfake%ﬂ alﬁfﬁﬁlaf&%ﬁlp%‘fbde\mtﬁ; §<51ﬁ’)@r not doped
maé um, of 452 4661 H{) Tabl e copper doped Eu

Bt |a€ité‘faé P‘@FﬁaFFaatt GHPEE EI“% VHRY %‘& not doped

Eu2+-acti vated alum nate at 400 nm exci tatl on

velenath 831 [ 941 reparation-of the |l umnescent
vel-engin—oo—1o4 rep ool

mat eri al havi ng fornul &oppyr dop&d cdhpdnl ITdmparison without copper

Cu BaMg Al O :Eu BaMg Al O :Eu
0.12 1.88 16 27 2 16 27
Luminous density (%) 101 100
Wavelength (nm) 452 450

Preparation of the luminescent material having formula (8)

Pb Sr Al1O :Eu
0.1 09 2 4

Starting materials: PbO, SrCO3, AI(OH)3, Eu203, and/or any combination thereof.

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 , H3BO3. 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 1 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 nm.

Table 6: lead doped Eu’"-activated aluminate compared with Eu’"-activated

aluminate without lead at about 400 nm excitation wavelength

Lead doped compound Compound without lead
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Ielz 39&&@% ‘Jil}’%hl%ﬁ es are shown in table 7. [91] Table
7: opt|cal propertles of some copper and/or | ead doped
al ymnates—exettab ' ong—wWwave tH+agviotet—and
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cogpper doped silicptes having formula ((9) [94 )
agd((MM' O -b(MD)-c Mange_d( M-exc@?t_l(g)( M "| COPR§T materials
>g(SiO) h(MO) 2|23 @mp p| 2oipated Yith[ 95] mudaginlei n| Mithout lead/
mgy be Pb, Cu, andfor any corrbier} t(liontther of)' M ré%g er (nm)
bg Be, My, Ca, Sr,|Ba, Zn, <P 4fd/|or I}W p
cgnbi nation thereof; M" nay béopgd Na,| K, Rb, Cs| Au,
Ag, and/or any conpination { ‘E’Eﬂg s((%q'" may be Al | Ga,
I nL—and/or any conpination r eol Mumay he Ge YV,
NgCuTasr WAIMb,SiTi , | 360,- 440, | and/ oo6 any qonbfziasi on 519
t her &6f O%MEﬁ%S/ 69§°3B|, Sn, |Sb, Sc, Y, Ld, Ce, Pr, Nd,
Pm_ Sm % ', Dy, Ho, Er, Tm Yb, Lu, and/of any
colehi mag i on;t h%eOf%onm@y be 501@ Brl, Jg4grand any 4g0
corerha 0|72§-‘n ‘IOWEre@f; 0 < : <b|l<8 0<c|<4
: 3q1 U, e<2;0<f<2;c<g<10;0<
h 2 <5; < X ¢ 2 ;z5and 1[< vy
< SP%bQSédgAEx m?i o%ébpr epar at i 0}1 52 >19
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
0.01 0.99 10 17
Eu
Pb BaMg Al Ga |360-400 100.8 448 450
0.1 09 95 0.5
O :Eu, Dy
17
Pb Sr Al O :Eu, [360-440 102.4 521 519
008 0902 2 4
Dy
Pb Sr AL O :Mn |[360-440 100.8 658 655
02 0.8 2 4
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




[93]
[94]

[97] Preparation of the |umpescent material having
formula (10) [98] Cu 0 05 Sr 1 7 Ca 0 25 SiO 4 : Eu

W@ 1@p/0pB9] Starting materials: CuQ SrCO CaCO PCEBKR2005/002332
Eu O, and/or any conbination thereof. [100] The

st

arting materials in the formof pure oxides and/or

carbonaigs npy be m xed in stoichionetric proportions
t agetherowith snal anpunts of flux fqr exanple [NH 4

c

i

al lum®hg %¢r ici F9e al about [1,200 OCin g slightly
r dducet,at ere for about 2 hours. Then, the
mat er |

e eolA o Thar shebesP st Batea pa

.PbT g milxtMrge Atap3doe 400rjed i noas al urfi na 432uci bl e a#50

about’” 1,°20¢°.0C'1 n pan inert| gas atnosphere (e.g., N or
nobl e gasy "’ Fr about 2 hours. Then the |material may be

IpedBa Af emot gt | 3dohey eri ahomay be figedisn an 450,515

sheﬂ .dr'ed, a g si eved. The
em ssi on

Mexi ruivil @ b(dBeNic(MIX) oM™ Q@é(lMTa@I)ef(M‘"" @ppESiodpped™ O )

Eu +-

X

a@el vated silicate conpared’w th Eu’ +-acti vated
I'i'ca W t hout copper at about 400 nm excitation

[95] wavelvéregtin M’ 1oB) HelRIBCuprrferr ayicombafatiohéhdrenti Me swyrite Be, Mg,
"HEE foaiaa VZ?H/ IRIMP L AYbRadyIbhibiha R lih ORI "BRa? b0, %, K, Rb, Cs,

—
O
~J

[101]

[102]

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<e<2;0<
£<2;0<g<10;0<h<51<0<2;1<p<5;1<x<2;and1 <y<5.

Example of preparation:

Preparation of the luminescent material having formula (10)

CuO_OSSr1_7CaO_ZSSiO E Eu...... (10)

Starting materials: CuO, SrCO3’ CaCO3, SiOz, Eu203, and/or any combination
thereof.

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., N2 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. Then, the material may be milled,
washed, dried, and sieved. The resulting luminescent material may have an emission
maximum at about 592 nm.

Table 8: copper doped Eu*-activated silicate compared with Eu”*-activated silicate

without copper at about 400 nm excitation wavelength

Copper doped compound |Compound without copper

Cu Sr Ca SiO :Eu Sr Ca SiO :Eu
0.05 1.7 0.25 4 1.7 0.3 4

Luminous density (%) 104 100

Wavelength (nm) 592 588




O7 : Eu (11) [105] Startingigmterials: CuO BaCO ,
ZnO, MgO, SiO, Eu O, and/or any conbi nation thereof.

WO 1@6/68BRe starting nmaterials in the form of VRCKRA08/002332
oxi des and carbonates nmay be mixed in stoichionetric
proportions together with small anounts of flux, for

[103] exa er@arz{ﬂl'dn‘bf Ghe luhiind@cdnt hidiersl Bvibd Gormuki UNe may be

fire a n bl e about 1,100 0OCin a
[104] redugé“cb E?%%pﬁ'% gff)(? gE!B‘o """ %%urs Then the
[105] rrat erSt%arhngmyitdnmlanhDeBaC@f tbrO ,tNg®, $lﬁ)e I Oeranelor may cdysbination
gn an alum na cruci E)I e at about ‘1,735 0Cin a
éluced at nosphere for about 2 hours. Then that the
[106] mat erlihg|staggne matcpplsjip the fops ﬁélﬂer}’ dhrceRKidgsdnd icatpedatesmpay be
I egibtcdiiA Gtol B rA&@HE proffFHn@"t themthr&%éﬁ a@[buﬁfﬁ o?gﬂu(infor example,

at .about 467 . nm Tabl e 9: o
m LG S st g %wea%%%]rfgag 3 £l e Qb Ff Bput 1,100°C

Si Ini eCIaﬂECedll ah’ﬁOﬂ}ihetECfppﬂfou&Q hé0. Timneke ntagiriabmay be milled. After that

I 3] ar at |. nescan
e S PR g i s A Th 3R oo apindi PE KT RSP
Euat{mbgphade ﬂ_or@b@s 20hc@s. e gha0the0materigl ay] beSniletli wiashed, dried and
maélgvéda*l"ﬁe rdSRtng ﬁﬂesceﬁ@rﬁgeﬁ"ﬁl%ay (RO arenfRsi narﬂﬁ)élﬁfum at about
conbi nat1 on 3, 2, 2 3 J thereot | 112(1
tMRg mat er | aI s in the form of oxides and/or

[107] c ar bonates cﬁﬁper Pa@?éﬂ K& aéthvaddGsiliical @miakddCw ik 8RBOrcii ned silicate
to% iraer W t % amgunts of flﬁx for exanple NH 4
U CRPRATat &?rﬁ?‘eﬁ‘él fiopveleng® a1 umi na cruci bl e at
[108] about 1,000 OC for about 2 hours in the air. After

mlllnn fha nraf rar*l rmforlnlcncar\nnrl ‘Flrlhﬂ ct an
T T TLAT E=AYAAVARAV | LI )

3 C LA>Z P I LI I} 3 =AY \IP

at| 1,2200C in air for @obpmrr@pahdompnunddb (‘Jong)ound without copper
atmosptiere for—2—hours ay_be fottowed Af ter_ that e
material may be milled,Clya¥@y Mar Sedand sirekie MO 1 Eu

regsul ting | um nescent | nat eri alpyay have gn em ssion

Mt At ahaout E27 1121 Tahleae 10- | Aad Aanoad
AT TTUTTT T™TT aAvuuUuUt JT LLILIL) LJ-J-UJ TauT © LU T COI.U UUPCU Lu

+-lackumapesdaisity €& e conpar edlQiIh Eu +-gcti vat edl00
sifi c%g\f#gg&o&h)i cad[at about %UU MM exdi tation 165

wayvel
[109] Preparation of the luminescent material having formula (12)
[110] Pb Ba Sr Si Ge O :Eu...... (12)
0.1 095 095 0.998 0.002 4
[111] Starting materials: PbO, SrCO BaCO SIO GeO Eu O 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 amounts of flux, for example, 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 firing step at 1,220°C in air for 4
hours and in reducing atmosphere for 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 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]

Lead doped compound Compound without lead

Pb Ba Sr Si Ge BaSrSiO : Eu
0.1 0.95  0.95 4

0.998 0.002




[ 114] [ 115] Preparation of thg | um nescent materi al
having formula (13) [116] Pb 0 25 Sr 3 75 Si 3 08 C

WaA2006@683¢69.3) [117] Starting materials : PbO SPCDKR2005/002332

[115]
[116]
[117]
[118]

[119]

[121]

[122]

[123]

SrCd SiO, Eu O, and any conbi nati on thereof. [118]
The starting materials in the form of oxides,

chi orides, and/or carbonatesgmy,be mxeq in

stloichionetric propor Lons t oget her withlsmall anmpunts
of fmeLnoﬁQdierﬁi(ﬁ(l%be NH 4 O 101The mi xt urje may belOO
f i Fed—nA—an—atuomraa—ctucibte—+rm—af+rst—st ep abott

1,|100 Wodanethayout 2 hours inSEhe air. Affter m | 194y

the pre-fired naterials a second firing steg at about
1, 22@9@airfﬁlomwé thg nggsce sipterial hanipg fara@la @34 reduced
at nogphese KpoO @qulEu 1 hqyg may be fol |l owed. After

t hat th8 f&térf h ri ed
Lo St i maestaly oD SFn #é@E%PW?Fﬁi G raafl el oA tiogy hereof
em SSITIﬂrstamn(g mmtafnalts iabheubrM 8Poxides, cHlbB{lesT alnd/er chitbonagadnay be

r t
BB s i Rirhel A BRI Ol A1 TRl Hbr example,
extif @k iToa nmmaed waybh flfeli210]an [alugiha Resiblle i &)ﬁmtsmtqe@t about 1,100
W ¢h fér%@@tcj h&.ﬁ’s ﬁlotHQ §fr @RQ/ rﬁflhﬁ%ﬁﬁg p?é)ﬂf‘éé rﬁétlsﬁaﬁ@ﬁ €&ofl Firing step

shown in table é tical properties

of AlsibAgt bdHh @rm élif‘oqlbfor AR Hwéﬁaqdané redicedh a%tSpb%ff: éQr about 1

SI hmaﬁz@aoeemnbwé@lzzeﬁdayhdt BgmieM Sl ﬂdil}t lseamnhetvaﬁred/ (ﬁ{edkh)ﬁd sieved.
bIe t and their .l,um nl?us enS|t .% at a

'élieg FWSWGWQF%?'}&W 5 N w4 W?’ﬂmlug]aac} 4BSi'492 nim.
an d/ d?abteokip &ad dopetiEa i tininat @dorhsilicaig chropared svith Y -activated

{0 S g0, 1 )

any conbi nation thereof; M may be Li, Na, K Rb, Cs,

Au,—Ag, andfor—any—conbination—thereof iy —ay be Be
My, Ca, Sr, Ba, Zn, Lead doped compound Compound without lead
Pb Sr SiOCl :Eu Sr Si O Cl : Eu
025 375 3 8 4 4378 4
Luminous density (%) 100.6 100
Wavelength (nm) 492 490

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

Table 12: optical properties of some copper and/or lead 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

Composition Possible Luminous Peak wave Peak wave
excitation density 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
01 095~ 095




Cd, M, and/or any conbinatign thereof; M" my be Bi,

Sn, Sc, Y, La, Pr, Sm Eu, Th, Dy, Gd, and/or any
w@bioesstd on t hereof; X may be F, O, Br, J, aPdl/ER2@N$02332

conbi nation thereof; 0 <a<2; 0 £ b <2 0<c <4

0<d<8 0<e<8 0<f <21 <x<2;,andl<y

< 5. [27]lp BExgpl es of preparation:[128] Preparation

of b9 b@Oim4anr‘r=nf materilal havi ng farmiul a (1'%) [1?0]
Cu(Bl Z(MSﬂCaYZh) B6@- S 2| O 7108.vh (15) [389D] Startin§p0
et ?@ MO, Li @ Sb O, MICO, and/or any
corrblqu ¥ on 'fhereof. [131] The startilng material$ in

t Necd osm of wibdeseomey7(Pe| m xq@d4i n stjoi chikgmetri ¢ 588
prlopdftidn ¥ogetiher with |smal |l anmountls of flux. |n a

first sgefthe nixture may be fired iln an al umi na

cr |b| a u 5 in t ir flor a t 2 hours
Aftueéroopr?(@ez?n?l?%g ‘%63 nat ef i al ﬁ%as;‘ be m || ggyagai n. | n555

a [spgOHd, STéFu He nixturel may be firgd in an al umina

SL%& TR S DA R T A T

be mi | I(ed Ewashed, dr| ed and sieved. |The resulting

| III IICbbCIIl Ilbll I I d.l LLE=} IId.VC dlT TTIT Jo51T UTT _TTaXxT TTUlrT d.t

aboa, A3%6 Mg 113340 - e 13: 1®pper |doFél: &k i mpnattds, 660
conpaiesl ‘W M@ant i nonate wit hout copper at about | 400

NnM-exeitat-on—wavrelength—1-331 134 Preparationrof

|

t heP u&r nésﬁ)e(ﬁl nﬁdi(éfaﬂ’é(] havi IQX;).G ormyla (49) [135] Pb490

3.75,
0 [006~CdgQ '6°Sr' [0 394
Cu Ba Sr Pb 360 - 430 100.8 448 445
0.2 22 075 0.05
Zn SiO :Eu
08 2 8
Cu BaMg Si 360 - 430 101 444 440
0.2 3 0.8 199
Ge O :Eu
001 8
Cu 7Zn Ba Ge Si| 360 -420 102.5 435 433
0.5 0.5 2 0.2
O :Eu
1.8 7
Cu0 8Mg0 2Ba3SizO . 360 - 430 103 438, 670 435, 670
: Eu, Mn
Pb Ba Zn Si| 360-500 101 512 510
0.15 1.84 0.01
Zr O :Eu
099 001 4
Cu BaCa SiO 360 - 470 101.8 495 491
0.2 5 28 4 16
:Eu
[124] With lead and/or copper doped antimonates having formula (14)
[125] a(M'O) - b(M" 2O) - c(M"X) - d(szOS) -e(M"O) - f((M™ O) ...... (14)
Xy
[126] wherein M' may be Pb, Cu, and/or any combination therecof; 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 Bi, Sn, Sc, Y, La, Pr, Sm, Eu,
Tb, Dy, Gd, and/or any combination thercof; X may be F, Cl, Br, J, and/or any
combination thereof; 0 <a <2;0<b<2;:0<¢<4;0<d<8;0<e<8,0<f<2;1
<x<2and 1 <y<5.

[127] Examples of preparation:



Sb 2 O6 (16) [136] Startinggmterials: PbQ CaCO ,
SrCO Sb O, and/or any conbination thereof. [137] The
W@ @o683§ materials in the form of oxides and/BPECT/KR2005/002332
carbonates may be mixed in sto ichionetric proportions
together with small amounts of flux. In a first step
[128] t Ee rﬁrgii?alﬂz(tg)nﬂ‘_ﬁYhdolarrﬁﬂldseﬁlft in{htéﬂgll niuugg ﬁﬁnﬁ[a{q'z?l e at
about i ngthe r for out ours. ter
[129] pre- fq Yoi ltcfﬁezspa{}er% e mlled again. In a
[130] secorScdarsng pratdn@lsniCrOul N@Oniy (beSbf(D f, Mh(t(n amd/at anyi qeanbination
e}{} ke at about 1,1750C i h thé air for about 4 hours
then in an oxygen-contai ning at nosphere for about
[131] 4 hoJrh;f} stanfingematerals in He faen ef pﬁage&mw bem#gad i gtoichiometric
9Qmoel rwge@he@ RAthSsnBVefnouhBeorR&UIT 4 A ﬂﬂ;t Lﬂé H&Gfﬁﬁ@i}é may be fired

s ShupiPa CRADIE abbotibaE CHR s Y ab a2 ey Aljef liring the

anmamakaﬂnEy e hiilbed agaﬁﬁdh ateoéﬁﬂ) su@m}e»qmma’e in@dy be fired in an alumina
\ABVI% Bl })éu]tﬁgjdolé 01]1 an %)ﬁerg QS !cu?uend | glgé]ne il gg(t)ut ghours. After

per an "ead |nDna
t aﬁjllaéthm Batdried mjay'bam@ed,B’vaSbm ideigdl am‘l s;pveerdt The rasflltlslg gminescent

CO&B%EaﬁBQ%/Hﬁve' afﬁaéiin@&%{?laﬁﬂdnﬁ"&{‘aﬁ}oﬁ%%&ht abl e by |ong

wave ultravi ol et and V|S|bem]1ﬁ£;ﬂ§andthe|r

[132]} uni ekl derepney dpwd%n&moa%&pm@e@ imogaiconithout copper at
vwaneue 808 AimlckditdtiohMa3kichg@dd and/ or copper doped
germanat es and/or a gernmanate- silicates having

U331 formula (17) [144] a(M O -b(M O -c(M X) - dGeO

- gCMOACM ™ O )-g(M O (MO 2.2 2 3.0 [ T7) .

[145] wherei n M “rrmy bEOBE" @It P gAY appt copper
thereof; M may be Li Na, K, Rb, Cs, Au,| Ag, and/or

any L,Ulmi matT o therep M —may_be Be C

— [ Vo, Ca, St
Ba, Zn Cd, and/or an /CE@Mﬂ pldlt 580 t hitedf ; h@gghﬁﬁ?ﬁ;éMH
Sc, and any confi nati on
therlé% %bkﬁiens}%é%ga |. {(%hg V., Nb, |Ta, W I\/BOO
and/ orw a¥ergaiinat i on ther eof652M may be [Bi, gyo

h l:ll (‘.rl n/ and/lo anv—combi-nation—thHer nnf .\
y P4

CTCOr——F——7x—17

e 4
[134 be F,Pr@afatﬁlh,ofihe 1aﬁﬂﬁéaberﬂmat&famhmﬂg fd?ﬁluldT%)?Of 0 <a

10; 0 <e < 14; O
[135] . ¢ 3%15&6(?3@65203938 Qg) &8}1 < 2 1 <0<2 1<pc<b5
[136

1 < Startidg nandials: Rb§, €a(50 [SI@Ol SE)(aLT'p)ﬂl(Honfny combination thereof.
[137 pr epaIrh%tsta?tnng materials in the forrn of ox1des and/or carbonates may be mixed in sto-

ichiometric proportions together with small amounts of flux. In a first step the mixture

|
P
|
|

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 sieved. 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
excitation wavelength

[139]

Lead doped compound Compound without lead

Pb Ca Sr Sb O Ca Sr SbO
0.006 0.6 0394 2 6 0.6 04 2 6




WO 2006/068369 0

[147] Preparation of the [ummnescent material
Pb Ca Zn Ge Si
[149] Starting materials:
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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" 0)-c(M"X)-dGeO_e(M"0)f(M"™ 0 )-gM™ O )h(M"™" O
o p Xy




[159] Table 18: optical propgyties of some copper
and/ or | ead doped germanate-silicates excitable by

WO 209g/0v835€ ul travi ol et and/or by visible |ightP@HER2005/002332
their |um nous density in % at about 400 nm excitation
wavel ength [160][161] Lead and/or copper doped
phagphat es havi ng for mJI a (20 ) [162] a(MO)- b(M
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] terj havi ng for mul
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(21) Bb 054,48 408 [SI6D, - Mnartrr{é hat er i aI s: CuO CaCO
[149] , Cas(tﬁﬁhg matceR (e PbOE@a@),,Zchﬂﬁ/GE-D 28D CBMRT@ atah@0r 8ny3

ere [168] The starting’materiials in the
£ oparRai BEESL

phosphat es, and/or carbonates and
[150] c hl orlidesrtirymbeerinis e thei forms bHoxilesameiaricarbonatpomay basnixed in sto-
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| umnescent materi a ave an emn ssi on maxi mum at
ab®afn- 456 serand pegdhe %FHPT@ mMay becliishdR aypiyEinasgucible at about
+- 8200 Ginaskyetr einenhiag Qhﬁﬂb@h@l@l’fﬁﬁéﬂﬁdt Dhbilirs EAIfidr that the material

iy B B R EEE AERU Byl TS rFREE fus o 00yt may have
angl emiskieadhatoped aphlxsphal es. exci tabl e by I ong wave
(1517 Yl travhol gf ;m%g%d -2 \Z’E'(r)igbtg{irgerlnﬁaglg{e c%(l%%a!eﬁ% h Mﬁr%]cﬂ%téd

dens ity in excitati vvave

[ 192mapaty Sﬂlthwehlﬁ%aq aéout 1ReprEEigHen waclepgh| | ght
[152]em tting device consistent with this invention can

C rmr| se al um nat e, silicat e, ant i nonat e, ger nmanat e,

pHosphat e type Copper doped compound |Comparison without copper

Pb Ca Zn Ge Si [Ca Zn Ge Si O :Mn
1.99 0.01 0.8 02 4

0.004 1.99 0.006 0.8 02

O4 : Mn
Luminous density (%) 101.5 100
Wavelength (nm) 655 657
[153] Preparation of the luminescent material having formula (19)
[154] Cu Sr Ge Si O :Mn...... (19)
046 0.54 0.6 04 3
[155] Starting materials : CuO, SrCO3, GeOz, SiOZ, MnCO3, and/or any combination

thereof

[156] The starting materials in the form of oxides and/or carbonates may be mixed in sto-



chem cal conpound, and any c@nbination thereof. [174]

Fig. 6 is a one of the enbodinent's em ssion spectrum
W@ewoei3ny to the invention, which the phosphoPCI/EKRa®SH02332

for the light emtting device. The enbodi nent may have

alight emtting diode with 405nm wavel ength and the

phREPAric Pldb6tiiohs WFetkibtivRh efall Afotels ¢ ek, fotittdniile NH CL In a

CTER 2 SRRy 5 PRl B el 5 BLJRR B oy o

magxyeav-eopiaakngvenesgregt for abowRdtursd FhemthdOmna@rielBm&y b&Cailled

SiQ.: ' .
catgin 38 o LB ST ARG NEARYSIR) By fROfle Flbou
mals | B@keinpa yaeiyedrsdgng admospheigtfosabomhtt hpyrspAfiter that the material
84mé&N bl nflldd, Vaskedd Aridd afll dve@ Fhe reﬁﬂtlwg}ﬁﬁné@%}énthﬁéft@rial may have
peak wavel engt h at 12nm and St A O: Eu

ro
IWf?ﬁal?‘PérVgg%\{}@ peak wavel ength at about

0 2 Engsipn
[157] 494nr1ﬂab[e11775]:opp’¢r aupﬂal Mn-aetitxoe gmmanatpaﬂicaefcohipared with Mn-
i nj L 40on ngth e Lon. Light %
i g(h]tvg ed J? anate 51 c te WltﬁOlb %P &E‘hé(? {1111]1 exc olsonmf)arvgpn%t
[158]i t | s convert ed t o I onger 2n wavel engt h. The 1st and
2 I I \dlll ;D IIII\CGI lU\d.,l hCI (J.II(.I‘I th dCDI I CIIIDDI UII ID
prioduced. As the showpUepper dped pempiught |&ieinpolmgwithout copper
device convert The ISt VTG Of 6 'mn| siGe Si O :Mn
046  0.54 0.6 04 3 06 04 3
Luminous density (%) 103 100
Wavelength (nm) 658 655
[159] 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
[160]
Composition Possible Luminous Peak wave Peak wave
excitation| density at 400 |length of lead/ length of
range nm excitation | copper doped materials
(nm) compared with |materials (nm) | without lead/
copper/lead not copper (nm)
doped
compounds (%)
Pb a 7Zn 360 - 101.5 655 657
0.004 1.99 0.006 0.8
Si O :Mn 400
02 4
r a Ge 360 - 101.5 660 661
0.002  0.954 1.044
Si O :Mn 400
093 0.07 4
Cu Sr Ge Si O :| 360- 103 658 655
046 0.54 0.6 04 3
Mn 400
Cu r a Ca 360 - 102 538 533
0.002  0.998 0.99 0.01
Si Ge O :Eu 470
0.98 002 4
Cu Mg Ge Si O| 360 - 102 660 657
1.45 26.55 9.4 0.6




[161]
[162]

[163]

[164
[165
[166
[167

—_— e e

[168]

[169]

[170]

405nm wavel ength to wi de spegfral
white |ight,
w@ 0o06838Nper at ure i s about 3, 000K and CRI

ght, that is,

range of visible
and at this tine the

i s PODER205/002332

to about 95. [176] Fig. 7 is another enbodinment's
em ssion spectrum according to the invention, which
t he phosphpllh is appliygd for the light |emtting dgvice.
The_enbatli nent nay have allj ghf e tti ng diode wilt h
abowt Mp5rGe vEivabepgsdd and t haoplsosphor, wdvioch i s 656
m|xt Ut e ZSI\atgﬁe 1ée‘Fectﬁ mil ti pl e chenical conpounds in
prioper [177 'fL phosphor is conposed of Cu 0
03 & Mg 7n@9s2505 Qeb - Eu wWhipels may |J hasg peak 655
wavel‘engt h*at> abouf 58&Em Pb 01 Ba (95 Sr 095 Si O
998 Ge . ,00Mn0 4 : | EdYni ¢h mayJ have|peak wavel gngth
at] gpous, S2Znmg anfl £ 0 05 Lijg9g002 1 550 545
0.001 0.849 0.05 1.1
Ge Si O :Eu 470
004 096 4
Cu Mg GeOF : 360 - 100.5 655 653
0.05 4.95 6 2
Mn 400
Cu Mg GeO F: 360 - 100.8 657 653
0.05 3.95 55
Mn 400
Lead and/or copper doped phosphates having formula (20 )
a(M'O)-b(M" 2O)-c(M"X)-dPZO S-e(M”'O)-f(M”" 2O3)-g( M"”'Oz)-h(M””" O)......
Xy
(20

wherein M' may be Pb, Cu, and/or any combination therecof; 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 Si, 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<c<16;0<d<3;0<e<5;0<<3;0<g<2;0<h<2;1<x<2;
and 1 <y <5.

Examples of preparation:

Preparation of the luminescent material having formula (21)

Cu Ca (PO)Cl:Eu...... 2D

0.02 4.98 43

Starting materials: CuO, CaCO3, Ca3(PO4)2, CaClz, Eu203, 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
atmosphere 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 Eu’"-activated chlorophosphate compared with Eu’™" -
activated chlorophosphate without copper at about 400 nm excitation wavelength

Copper doped compound

Compound without copper
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the i q%lon can be applied by single chemca
colpy W@ m xture of plurality of single chenical
[172] conmpound besi des the enbodinents in relation to Fig. 6
and—FEi n 7 which are nvpl ained above- [180] Accordi ng
to tIﬁ?@nﬂn@smbnptl orPahkiblee, |l i dlomiwoust t | (ngPciewave W t Beak wave
wi|de range of col . a ?ggf dapo
8,|000K or about 18%%%@%? daﬁﬁp%rlﬁﬁic%PQ re%%%r q&%&“ﬁ
i ndex nore than |atsoge (VD gqapmEECHtan zeePPhyr dapicAg th@aterlals
| gad and/or copper doped ghempald wRTPQHAESa1S AR A| NithBut lead/
rare earth elemgnts. Indudtrial Applicability [18[L] In
such a wavel engtlh conver si|GRPPSEFAI Wit ti ng devi cp SPRPEr (Nm)
capabl e of applying on nohil e dopede, note book anp
ellectroni ¢ devi ¢ges such a9 hone %ﬁqgiance,
stlereo, t el econmini cati on EF8E@8Y%. ﬂt_alsp for clstom
di|sm] ayr s (k@Y Aad 38nd4back Iigfy.ap plji catihem. 447
Nbreé@eﬂ98|t4tar be appliad for autongbile, nedica
instruneﬁ? and il | lum natfi on products|. [182]
Ac d he Lpye on, It al sq abl o prpvid
a &%&erg%]%%z@orvggglggbl|ght emtting device with 635
st|abi Iiky Mmai ngt water, runidity, vapor as well gs
ot|ner pot ar_soj Ve 1 ] € forjegoi ng_ desc[ 1 beg
engﬁﬁg tﬁ?mﬁg 'gbé'ﬁ@it ures &b gr ouped ﬁ%@ethe' ingrzo
a S|ngle Eabodlnent for pyrposes of stireanmining t{he
dibeUgUIC Thi-s—rethod—ofrdisctosturej—sTnot—tobe
i ey g¥iet Ba (BSin eBP@ctWig |an i dPéntion thab’ihe 570
cliai med) i:m¢enti on requireg nore featurles than are
expresél&l recited in eachtlclaim Rathe F—as the
fcﬂ@uwﬁﬁgPﬁDaDnE Béblatd, |i nverddve aspecté6®|e in 456
| gss f'eat ures of a single forlegoi ng di sc|osed
e hodl rren Thug, the folllowing claing are herehy
| No PB4 8t €P O 360 - 410 102 443 442
0.5 3 65 6 24
(F,Cl)z:Eu
Cuo%«}LSLBaLHS 360 - 410 101.5 438, 641 435, 640
PO Cl:Eu, Mn
3 12
Pb Ba PO :Eu | 360-400 103 421 419
0.1 29 2 8

[173]

[174]

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.

Fig. 6 is a one of the embodiment's emission spectrum according to the invention,

which the phosphor is used for the light emitting device. The embodiment may have a




into this Detailed Descriptign of Enbodinents, with

each claimstanding on its own as a separate preferred
werwodoasent of the invention.Cainms [1] L A |iBEIE/KR2005/002332

emtting device, conprising: a substrate ; a plurality

of el ectrodes provided on the substrate; a |ight

em'lglitieﬁgttﬂg Qetlcoart 4@inhedatderih ind thgPhosphBE whHighik mixture of the

o BB RO S8R RpERUS T RGBT My b composea
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Cogler@{]g gﬁﬂnﬁ?ﬁfucﬁnﬂl al‘fa]kf ee&f wNé?en nggtSSSH%t f’IB ngCa Sr Sb O

di ode,, oamn ectri ?/ conducti evi ce 0.3
en

conMingurlzgh may dermesk wavelenzdrit abort 687wy, ith oBe 8\4@1@ ral 2 04
anOElIﬂ %l&fmamvelﬁémawéleﬂgth @d ﬁ@ﬁﬂ@ﬁl@%m WAECRI Br SAI 00 : Eu

ors include a |le per doped xyder* »
Wﬁﬁgtn&i’ KN6 6 W%VGIT%]%“ ga ﬂu‘l ‘}%ﬁ “emitting device,
[175] C onpih Sudhgin e&nlpjduhaitl lbayt off th eads; abautCﬂiOde \bmietbagth emission light
pr ﬁ\érlnﬁtﬁg hgﬁt etml&m% éfd 0(%3 is gl?sg)\rll?e gt} B}E(hsg 5113{ Rfs Elvgr%ed to longer
t h% Iwagﬂtsnghn Tltq hgndi20 dtghlt rsohixdil tagethep am télb |d13§/1recffmlssmn is

@g)hﬁ&ﬁeﬁs tﬁ@“s%%qfl% 6091@‘1%%@1@ Eﬁﬂtﬁ%d&t}@@&ﬁw@ﬁ the 1° allJV light of

ength of ors sub stanti
Feyinhy auglengsh Waleﬁa@qtﬁabwn& of hlélbllq light, tBafiig.tWhits hght and at

dl O@eima et @hretBpdriiucaik laod SRt AndeCRIEX | |a5@ut 90 to about 95.
confi ur d to, connect the |I%t emttin

[176] anot AR aP‘htBerFﬁ glll’fl?ly s gpi éoarllosgecm Flg(fo (ﬁlgg?(aeﬁle invention,
phesjehohsphaspherdeagplicd dor thatifbrentiapgetevidopEt @ntygiément may have

domlgﬁte‘f’rﬂttﬁl@qﬁ(ﬁ&%ﬁh all;o%]t 4ﬁ5nd?v\,akfglgﬁ%ﬁ %& Eﬂe%ogﬁ} Cv?l?lch is
pr mthd@wf |t1m3 &ek‘@teldonlslnp@ chamjsialigenpaupdein prepet rﬁtnoarres
[177] PT 0V"Id1%‘i‘)h9£bhtop% d&ﬁ@os&i &Koy aghi ght gal tEl'l Q&ic rﬁ'gﬁhave peak

nount ed on one of I uréPﬁ ty ofs | ead franes;

phydpHgesh &toqbppb?%al tPgOl Eande,sel.witvel et Fu g¢highygay have peak

| | ghtcledgigaibosPIRThem, ahdCat ant | &rl BL0VROI NGdEu WBRStmay have
E tion Oftht he, | i g? em t¥i AY diodé?* antl an

el r‘?’%ﬁ caéﬁla(ﬂ}g V&evi ce confi gured to connect

[178]t he IIhgith zemml’uqdmgerdl joteofithe mital abberd S6imtwievefeingthadnhission light
g‘;g fafle f%}ﬂ%ﬁgm &E’ i aﬁs%ﬁrl%d%/o[ﬁ@ EI%SER&n Q:k]&‘g & &nvEAd 1o longer
2 wavelength The and 2 hght 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 spectral 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.

[179] 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 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 index 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, sterco,



[4] 4. The light emtting dey ce according to claiml
or 2, further conprising electrically conductive paste

WEe@ehas®d bet ween the light emtting di ode andP@TTERRI08/002332

[182

[183
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of the plurality of electrodes.[5] 5. The Iight
emtting device according to claim3, further
C Otéwcbﬁmﬁmlcahe@ pfddﬁads | but Qo dorCluistoen @i byl‘s R&OpAddeM back light ap-

ht tti t
ot f S N T bt u%?lﬂ@) o%gﬁgﬁi#'itwr%&apd il-
3, hmheaqunb®EMQhosphors i ncl ude one or nore single
7
g?nn?%w%gﬁiéfe%tloggé/ glgfgor ﬂtlé ?@0 tF\@ rt(ﬁ?lg(_wlc{e o w veleIlQﬁl ddn9Bsion light

copipitiing @Ryl@ wigh ptakilibt ag@mf WEIeF dumigity, efﬂp@cﬂﬁ weﬁleasmﬂgﬁpolar
fregnddae |ight emtting diode. [8] 8. The Ilght

emtti evice ing to claim1, , furt

co rrpﬁp g%n%r%og‘é eﬁ%& aﬁfrg?f’fi%‘ile% NG rféadurteé ACH! %‘fpe{iﬁ‘égether mna

| i gihgle em'bbthnlf@lt ﬂ)r@)ﬂ@@éﬂoﬂsh@gmhﬁm@ ﬂw@scl{)ﬁl}e ThisThethod of

i glhél tﬁo'i‘ e i e%%cagrgjl %g%‘é? mtg}ltlo %hat\f\@e I%med invention

t he p osp ors are trlbu{ d he'sea terian

[ 1@Quites. mfrwe?eatu@htha@mrtt cipngssevtitel incedy dalng Rtadlec,l agiitlmn

hafroglgg{mg?’clalm%ﬁéd? 15?@1&99 9%'3@1% ift :i&s fﬂa’ﬁeaﬂ ﬂé“c:ltﬁlgés %2 2 Is1cr:1éle
%@%lmggdlﬁﬁowﬂéﬁm@m%@ﬂéﬁsnthatfol Qs CI@H@S ¥ beyghy incorporated

pl hidhid Detafled pasénbﬁafmsmb@dlmd@s\v&h efaht gnhQuslifYen its own as
[12 12. Th lh%@iPﬁn]ttIE devi e according to claim
R eE

BFALS B ?Yeél 8% plurality of heat
S|nks [13] 13. The light emtting device according to
claml, 2, or 3, wherein the light emtting diode
conprises a plurality of light emtting diodes. [14]
14. The light emtting device according to claiml, 2,
or 3, wherein the phosphor include alum nate type
compounds, | ead and/ or copper doped silicates, |ead
and/ or copper doped antinonates, |ead and/ or copper
doped germanates, |ead and/ or copper doped
germanate-silicates, |ead and/ or copper doped
phosphat es, or any conbination thereof. [15] 15. The
light emtting device according to claim1l1, 2, or 3,
wherei n the phosphors include a conpound havi ng
formula (1) a(MO)-b(M 2 0)-c(MX)-dAl 2 O



[1]

(2]

[3]

[4]

3-(MOH(M" 2 03 )-g(MoLQp )-h(MOy ) (D wherein

M is Pb, Cu, or any conbination thereof; M is one or
worenoe/oea3aoval ent el enents, Li, Na, K, Rb, Cs, PCI/KRQ05002332

any conbination thereof; M" is one or nore divalent

el ements, Be, My, Ca, Sr, Ba, Zn, Cd, M or any

conblnatlon thereof M”" nore trival ent

el ements, Sc, gﬁﬁfﬁs

t her eof ; M ﬁte%httn@iiev%bco%ﬁpns ,; V, Nb, Ta, W M, or

any conbi nation

any conbi nat| on thereof; Mis Sn, Sh, Sc, Y, La,
Ce, PrasWira®n sm Eu, Gd, Tb, Dy, Ho, Er, Tm Yb,
Lu, orapmyalmpﬁbeleatddempfdv&ree@h thexsu'bStrﬁe, , Br, J, or

any co

b <ab e Tiufihe iRl Onpeded Syl BsnC o 13T oRi9EaEge feine

1< x< proyidadidn one of the plurality of electrodes;

phosphors configured to change a wavelength of the light, the phosphors sub-
stantially 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 electrodes,
wherein said phosphors include a lead and/or copper doped oxygen dominated
phosphors.
2. A light emitting device, comprising:
a plurality of leads;
a diode holder provided at the end of one of the plurality of leads;
a light emitting diode provided in the diode holder, the light emitting diode
including a plurality of electrodes;
phosphors configured to change a wavelength of the light, the phosphors sub-
stantially 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 leads,
wherein said phosphors include a lead and/or copper doped oxygen dominated
phosphors.
3. A light emitting device, comprising:
a housing;
a heat sink at least partially provided in the housing;
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 sub-
stantially 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,
wherein said phosphors include a lead and/or copper doped oxygen dominated
phosphors.

4. The light emitting device according to claim 1 or 2, further comprising

electrically conductive paste provided between the light emitting diode and

the one of the plurality of electrodes.



1< y< 5. [16] 16. The lightogem tting device according
to claiml, 2, or 3, wherein the phosphors include a

W@ a09poes3® having fornmula (2) a(M 0)-b(M 0) - c(MHKR251002332

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

“c(MO)-7(AL 0 3)-d(B20 3>e(Ga20 3)-f(Si0 2)-g(Ge0 2>h
(M" O) (2) wherein M is Pb, Cu, or any conbination
t hereof ; M. The IpREcAttiNDdE iFeHov@irgNb cli@rBe Nirther bd)rnpnsmg

g SR SRR QB N B e

Sr, Ba, ZnheaCsipk.Mn, and/or any conbi nation thereof;
'[\E/Iu IG(Sj Bl_l_'b6 %&? liﬂgeé étrmg qur&%k&dlngeto i 1m INQ o@‘wh%f@m the
conbi nat i ophasplgresicludg ong oFmogy singe coqnpo oAy combination
conbi nat i ofpetehereof; 0 <a < 4; 0 <b<2; 0<c< 2 ;

CE dE 1 ; 0<h<2: 1< x

. andl < y%fl)@%g%&%}llt&% Ges %CF@rﬁlﬁlge%c tan g HET cahprishng a
accordi ng ﬁeﬁeabﬁd:(mfﬂgureﬂ to @¢fledt thettigheiromitheligh eapltiag sliode.

i ncl ude a3 ?f]}éq%ﬁ? %m VI n?e\jlc?e{\ﬂngﬁr%gl(gﬁz) Cﬁl(m'\l/l IO& (pr(ivl flg)ther

c(Al 2

comprising a sealing material configured to cover the light emitting diode
and the phosphors.
9. The light emitting device according to claim 8, wherein the phosphors
are distributed in the sealing material.
10. The light emitting device according to claim 1, 2 or 3, wherein the
phosphors are mixed with a hardening material.
11. The light emitting device according to claim 3, wherein at least one of
the plurality of lead frames protrudes from the housing.
12. The light emitting device according to claim 3, wherein the heat sink
comprises a plurality of heat sinks.
13. The light emitting device according to clam 1, 2, or 3, wherein the light
emitting diode comprises a plurality of light emitting diodes.
14. The light emitting device according to claim 1, 2, or 3, wherein the
phosphor 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-silicates, lead and/or
copper doped phosphates, or any combination thereof.
15. The light emitting device according to claim 1, 2, or 3, wherein the
phosphors include a compound having formula (1)
a(M'O)-b(M" 2O)-c(M”X)-dAlZO 3-e(M"‘O)-f(M"” 203)-g(M”"' 0O p)-h(M""” XOy)

wherein

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

M" is one or more monovalent elements, Li, Na, K, Rb, Cs, Au, Ag or any
combination thereof;

M™ is one or more divalent elements, Be, Mg, Ca, Sr, Ba, Zn, Cd, Mn or any
combination thereof;

M™ is one or more trivalent elements, Sc, B, Ga, In, and/or any combination

thereof;



) f (Mx Oy ) (5) wherein Mgis Pb, Cu, or any
conbi nation thereof; M is Be, My, Ca, Sr, Ba, Zn, Cd,

wWO/R006/06838NYy conbi nation thereof; M" is B, Ga, PATKROK05/002332
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any conbination thereof; M" is Si, Ge, Ti, Zr, Hf, or
any conbination thereof; Mis Bi, Sn, Sb, Sc, Y, La,
Ce, PrM"Nik SiPGe, B0vr,Bn, YEdNDb, Tk, WMo I'&,anﬁrcomﬁﬂatléﬁbthereof

L PR BT SRS LSEER0 NG s i D0, B e i
and 1 ¥b,yLu; op any ¢@hbih8tionlihercbf;ght emitti ng device
accordxngtél %Ir ﬁg}%ng\” mlﬁ{latﬁ)’n tﬁ@g%fel n the phosphors

i ncl ude a tonp or nu
a( M) - %(<rar;;2c(|vr' X) - d(M" 2 0)-e(M" 2 03 >f(Mo Op
>g(Si @2p<hM
0<c<2;
0<d<8;
O<ex<4,
0<f<3;
0<g<8;
O<h<2;
1<o0<2;
1<p<5;
1 <x<2;and
I<y<5.
16. The light emitting device according to claim 1, 2, or 3, wherein the
phosphors include a compound having formula (2)
a(M'O)-b(M" 2O)-C(M”X)-4—a—b
—c(M”'O)-7(A1203)-d(BZO 3)-e(GazO3)-f(SiOz)-g(GeO 2)-h (M™ XOy) ...... 2)
wherein
M' is Pb, Cu, or any combination thereof;
M" is one or more monovalent elements, Li, Na, K, Rb, Cs, Au, Ag, and/or any
combination thereof ;
M™ is one or more divalent elements, Be, Mg, Ca, Sr, Ba, Zn, Cd, Mn, and/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, and any combination thereof;
Xis F, Cl, Br, J, and any combination thereof;
O<acx<4,
0<b<2;
0<c<2;
0<d<1;
0<e<l;
0<f<1;
0<g<l;
O<h<2;

1 <x<2;and



Xx Oy ) (9) wherein M is Pbyy; Cu, or any conbi nation
thereof; M is Be, My, Ca, Sr, Ba, Zn, Cd, M, or any

W@ 0bloesstd on thereof; M"™ is Li, Na, K, Rb, CsPCHHR204§/002332
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[18]

or any conbination thereof; M" is A, Ga, In, or any
conbi nation thereof; Mis Ge, V, Nb, Ta, W M, Ti,
Zr Hf 1 <or <any corrbl nation thereof; Mis Bi, Sn, Sb

= vlef e S Gk tenicRac T ohingle e 1% o pryn B
Br, J, plamsph@myncheieta avatpoond hinengtifrmub<@x2; 0<b<8; 0<
o<, - 48010 38503 g v, Of“‘?g'hf%%alf ®

I i ght ®h¢eti ng devi ce according to claim1, 2, or 3,
wher ei R {shy, PhosPhe ro%nibrhﬁu@ﬁ@h@e&onpound havi ng

fe(()lrvlr.ry §1§}1 l\%é '\éj IZn Cgl) M% M ggy cogn%matlon ther():of
M™ is B, Ga, In, or any combination thereof;
M™ is Si, Ge, Ti, Zr, Hf, 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;
O<ac<l;
0<b<2;
0<c<8;
0<d<1;
0<e<l;
O0<f<2;
1 <x<2;and
I<y<5.
18. The light emitting device according to claim 1, 2, or 3, wherein the
phosphors include a compound having formula (9)
aM'0)-b(M"0O)-c(M"X)-d(M" 20)-e(M”” 203)-f(M””' 0Op)-g(SiO 2)-h(M"”" XOy)

wherein

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

M" is Be, Mg, Ca, Sr, Ba, Zn, Cd, Mn, or any combination thereof;
M" is Li, Na, K, Rb, Cs, Au, Ag, or any combination thereof;

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

M"™" is Ge, V, Nb, Ta, W, Mo, Ti, Zr, Hf, 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;

Xis F, Cl, Br, J, and any combination thereof;

O<ax<?2;

0<b<8§;

0<c<4;

0<d<2;

0<ex<?2;

0<f<2;



Oy ) (14) wherein M is Pb,oCu, or any conbination
thereof; M is Li, Na, K Rb, Cs, Au, Ag, or any

W@ 0bloesstd on t hereof; M" is Be, My, Ca, Sr, BeCT/EKR2005/002332

[19]

[20]

Cd, Mh, or any conbination thereof; M" is Bi, Sn, Sc,
Y, La, Pr, Sm Eu, Th, Dy, Gd, or any conbination
t hereof < gX<i1s F, d, Br, J, or any conbination
thereo(f) <§ a<2, 0<b<?2 0<c<4,; 0<d<8; 0<e<s;
0<f<2;9F8%% 2 ; and 1< y< 5. [20] 20. The Iight
ern'ttlhgcde\Zl;ce according to claim1, 2, or 3, wherein
the php qj'?}rrss |ncI ude a conpound having formula (17)
(MX)-dGO -eCMOHCM' " O ) g(MO) h(M
O) 2 2<2<32031§1x (17) wherein M is Pb, Cu, or any
conbi ngkl}oaghereof M is Li, Na, K Rb, Cs, Au, Ag,
tion.thereof; M"

or any [

Zn, 1908[:1T1b 3t B Vﬂcc?r?ci"i’fé}néd’f’ CE‘W'JNE Orga Wh‘?’reHBt%e

Al, Laphcﬁﬁhorls inclwie aagoynpoandhandig tomiuhkerépf ; Mis Si,
Ti, N " GO Ra

t her eo?(ﬁ%D (l\%l z>,kb)Sna\{/IF;W (ggb CEEJ &% (9) IHZMor’da yor (14)

conbi nah¢rem t hereof; X is F, d, Br, J, or any

gggb' glgf isgﬂ) HﬁeBFﬁf&coglbﬁla%oﬁ tl?erecgf <b <2 Cc £ 10
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, Sc, Y, La, Pr, Sm, Eu, Tb, Dy, Gd, or any combination thereof;
Xis F, Cl, Br, J, or any combination thereof;

O<ax<?2;

0<b<2;

0<c<4

0<d<8§;

0<e<8;

0<f<2;

1 <x<2;and

I<y<5.

20. The light emitting device according to claim 1, 2, or 3, wherein the
phosphors include a compound having formula (17)

a(M'O)-b(M" 2O)-C(M"X)-dGeOz-e(M"'O)-f(M”" 203)- gM™" 0Op) -h(M™™ XOy)

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;
M™ is Sc, Y, B, Al, La, Ga, In, or any combination thereof;
M™" is Si, Ti, Zr, Mn, V, Nb, Ta, W, Mo, or any combination thereof;
M™" is Bi, Sn, Pr, Sm, Eu, Gd, Dy, or any combination thereof;
Xis F, Cl, Br, J, or any combination thereof;

O<a<2;

0<b<2;

0<c<10;



CEgEIQ 0< h <2 ; 1< 0< 2g 1<P<5; 1< x< 2 ; and 1<
y< 5 . [21] 21. The light emtting device according to

W@ L@6/%8Bs9 2, or 3, wherein the phosphors incl URET/KR2005/002332

[21]

conmpound having formula (20) a(MO0O)-b(M O-c(M X)-dP
O-ecMO- f(M" O) g( MO) h(MO) 225232y
(20) whereinoM is Pb, Cu, or any combination thereof,
M is #g%wgﬁ4 K, Rb, Cs, Au, Ag, or any conbination

t her eo is Be, My, Ca, Sr, Ba, Zn, Cd, M, or any

conbi nAkifah14;hereof, M" is Sc, Y, B, A, La, G, In
or anyOngpu?ation thereof, Mis S, Ge, Ti, Zr, Hf

V, Nb, Tda,~W’ My, or any conbination thereof, Mis Bi,
Sn, PrO<dn£2ku, Gd, Dy, Ce, Th, or any conbination
thereof c s F, A, Br, J, or any conbination

t hereof, 0< <2; 0O<b< 12; 0<c< 16; 0<d<3; 0<e<5; 0<f<3;
0< g< 25PB2h<2; 1< x< 2 ; and 1< y< 5 .
1 <x<2;and

I<y<5.

21. The light emitting device according to claim 1, 2, or 3, wherein the
phosphors include a compound having formula (20)

aM'O)-b(M" 2O)-c(M”X)-dPZO S-e(M”'O)- f(Mm™ 203) - g( M””'Oz) - h(M™" XOy)

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, Eu, Gd, Dy, Ce, Tb, or any combination thereof,
Xis F, Cl, Br, J, or any combination thereof,

O<a<2;

0<b<12;

0<c<16;

0<d<3;

0<e<s;

0<f<3;

0<g<2;

O<h<2;

1 <x<2;and

I<y<5.



