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TETRAGONAL COPPER ALKALI NE EARTH SI LI CATE PHOSPHORS AND METHOD OF
PREPARI NG WdE208#s4cbechni cal Field [ 1] The present inventepDRri®@bAIES
to Alkaline Earth Silicate phosphors, and nore par- ticularly to non
stoichionetric tetragonal Copper Al kaline Earth Silicate phosphors

activated by dival ent europiumfo j as tenperature stable
RESCE LI

| um nescent materials for ultravi ght excitation.

i 1] care e A o R A A LGOI ALKILINE

for short or IBARPMESEKICATRPHASPHORS AND MEEHOD OF
daylight radiation. (G Roth; et al. "Advanced Silicate Phosphors for

i nproved white LED' (Phosph@RERARINGEFHISSAMErea, March 5-7,
2007)) [3] Especially, bl i ght excitation froman LED |l eads to a
white |ight orfea'l‘%%ﬂ gietigemand for several applications. In the |ast
years, thg use Dhe SikdehCial@siohadabe@mikiltk Fash 8gich@phbiRoR PRl k@t | R
[L] The LEDs antdw?aspgci al Itx.cﬁheeg—ﬁ %&Powqrc LEDs 1Fr oé%cqgh ﬁ'll ott ﬁf% Beat
during operati 6 @ AJAPT SRS EDLERAY & OPBT i FHEE A< &MBIPERY
t enper at ur e abiiiEalgOLY diPhosFhimpsint Hensial tes frdempaasiestabin ldepepdinhg
on tenperat ur emRERAY kRRutral et BF iGMbRESSitRfonDSt phosphors i's

decreasi ng w LE |£|cr eariir/l'g tenperatures. This so-called tenmperature
quenchi ng depeR@$ it er acti ons between activator and host

lattice gnd is sofdhupneacsiitds IecheRMRaDkilit a8, Oisilidi®s BRI Chi¥rosilicates are
structure, latti f?* effects, concentr

| ‘ , ?tlgnﬂasl wel | as ttt'{e ﬁiknd of . .
activator. In par i RCOMYHE TECBAGN B¢ PHE AT HG WPAIKR Utayiolet as
crystal matrixwelsas dalylighd mediaipnt e Roxtt; enddi ‘driveficet! Sdidagt Rhiosmhopdpaimgireves
and fromthis {he efbs&heshhbF ORBhLuBSiPSedulRoRE NN ARE BL7, bOMS)

[ 6] Furt heynore, _by inpcreasi t he. tenpera the oscjl] ation of the
| one vt tbn 1 neErke e Bt et i priams nLER et G bR i peCordt o
probabi | ity ofdeamnidfioreseeartliapplioations. inhibe tast yeuat e vicorfsilkeeohadehn gher

resulting in agf.JReEaSENIphiRIgLf exciting energy in formof heat.
This so-call ed Photon- Photg Coupl | n% st rongl@y depends on the
PP

struct ur 8and t hee sEPs s fapiripligiing Highdomevh OgRcE. 2 Iphef hepfr ®iIing g d
i's the cryst al odeadtiohcadditidrally dVitIbs Hase tdeithsiing haght dnfHiedd &dnvReiturk ahsveand
activator. [71 I f 08J.).I.C . Disilli ) wel
as Chlorosili céla-d[_ag'sﬂg%?ﬁlb %%?%@S%VCS% ‘%/eg é}ﬁ{?hﬁ%&’%&”ﬁﬁ%%%% g%}suges-beg}%\rﬂ\g)ﬁg:hﬁ
wi t h higher t ebfdfaseupiagosyphasphorspdepsesaipsith Hercpgng feeweiagiefot so
Iri gijd angs)t he Sﬂ“ﬁiﬁ@@k@ille@fter?;b&atbl@@dfﬂwidg?depﬁhs Sg gféiiﬁltggac{i(ﬁis-ﬁgiv&%e@fa&%&)r
eads e.g. to ; angi.ng. of. t cal.or of the. ring. operation,.
e ie % e DuTRRn Syt iR Bk o o bR barr it Mo R Fihls i
the use of congfisSiUncerragsn knwehasuhe kind pdeetivetor. LEPrEpPR Batsirorssh of the
Furthernore, th&ds@nsidih e lysagmhistis WiluefcidgSthe SNPRIARI Yhd1hGile ﬁﬁu&@t@rs
by the weak Iattlf(;e %nd a hi gihl\é hett.er oggl ar. bondi ng between the
Silicate i on afd THR A R PRRNCERIPRICHRsIC FI{Va&f [4n8at e phosphors have
been dev&lloped Furthehmoneementreysaay e tesnperatira voscitlatmat e theabss Wiokinviki t e
LEDs. (WO 02/ Olﬁt‘lé@%cco_\/]\@s 9%&&5%5&?1% M@ugqgél r%gg!gﬂt?)of Lﬂ-gﬂtfiracttion fv&;ith r%1he

Orthosilicates as | um nescent nateri gl Wth an excitability from.
short ultravi of €Y PatiabicBRCt RS HdingliRart ingiesiRioshef qrsidhe geergy in form
phosphors for éflheer &6icantalledrfaston{fBatonyGouplihg stronklyuepeasic emde saficture and
Eu2+-acti vat ed;,phas&sdind oPhRakYy A [ t (ﬂ tLtFeO | dcat .
systens," J. Electrochem é%c._ ,Valfg‘?l?i?@el‘ﬁ?{fégé } 1%%&3%%;53’5 lower s
Tri stronti um sPfINEREONLERVEED L0 33BN a0)e| | ow or ange | uni nescent
mat eri al [{JHG Kamgbrightd€ss edhosilicMeKORili&atds.as Galias ChRkdsdicBeab®ivated by
Phenonmena, Vol .124- - - ~:Phval ent europi um 0
activati or fordlgiﬁﬁt(%‘? Oepé‘ﬁ%gz%ea%%%%l%%gl &Igflg&é e,?peg_.lﬁ?lfauf_rgse‘?p .toq%o ¢ because
" Phot ol unmi nesc@ptatiedpeqtsp egidgmd thepirepgth of hedandpgsinosscAssphor s, " J.
(8] This effect leads e.g. to a changing of the color of the LED during operation. This is
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[ 14] O her object of the present inventign is to provide high
tenperature stable tetragonal Copper Alkaline Earth Silicate
phosphors aob popgvmsaesby at | east dival ent Eur opi um whi chpemkiRsooBo@his
bet ween about 500nmto 630nm and a manufacturing net hod thereof.
1151Anot her object of the present invention is to provide |um nescent
t et ragonal Coppefiofd igddvagadeasttike Sk ot €ahi@od Qﬂmithd:krﬁbQﬂ'dnﬁﬁﬁdeﬂﬁ,LBMW lagh

have hi gh col of e ure r about 2,00

10, 000K showi g AECRe gt and Son o, AR fue bttt 20 e Seondre
Wi th ot her phogpidatsice an}daﬂletsmglm bﬁmdlr& bgween the Silicate ion and the

2009/ 025469PCTA1§BQ,QA)§&%6&33 [ 16] The energetic ground | evel of

di val ent d':Tur opi Fﬁ?c?tfe Eﬁ gh&g h%cﬂe%ﬁa 9?\}3}/0';')?!1 %nrtﬁlé/ Je%n%&ea%? asvﬁmn%e%csenpmgéyalls

radi ati o Di va umem

field splittinfgr wvﬁléﬁLEPéd%OQ%/QS‘iﬁ%n %Oiﬂ592awp&0@ﬂ/08%ijﬁ0bn at small
crystal ficgld Sthbsiﬂhd’zlgas aeh@mdsaenmiafealatxorﬂa&xee@hﬁr&ﬁﬁyqr&n sHoRt 1928518 M

wth red emSS| n..at r in N trides.
[17] The eni ssi glﬁn?rf s% Sdllg:1 gﬁ%x S4B Bsegﬁs B*ﬁ %%@gqrérﬁlc?%sceﬂ“hl@m% b&ﬁ' ed
nephel auxeti c &fif, eEtuowamcq @feE\é*t rasivefedh plefses indirgry dtkalind EathdOrtidsdicate

strength of thgsehrystiatieéihéndapRends 1981 i E@%ggl stance of activator
i ons and ]gﬁygen W t hi the host Iattlc oth effects lead .to

decr easi hg 'and §B1d|°P“t GUSPUYTRSIEYE] 418 GisslPEs DENY opeg NSt material
Eur opi um and r @50l Kaig .. 8hikf L Maloof S.Ch€heinBeigi Siate PhedcomegerVol 124-126
wavel engt h and(”@@ﬁl5|1Qr51@ﬁ@i\g1¥6119gur5 Gmea{yaéﬂ 981' fo[” g‘iﬁlatgng ]ﬂé&f E'i(e@’gl% S.H.

bet ween exciting I’adl ation and latron 1S

shift. In OrthbS|FRospleainesgeny HIPR?&%% ggz*mwm&sﬁéﬁ%‘-‘r’f@gwh% at- datertSe
St okes shift i4l (2006)e3289-3601 z[th?dmjf 360 mlllaﬂdaldfmﬂbﬁmmﬁ’scdnheof subsolidus

exci ting radiafjon a5, blyl%sl}d% C%SI %ﬁ&’c@f\/{g@ﬁzkﬁal' ?rglecllz’t%r 191% WY .

wi thin the hos attice

i on Europi um 25 43 75d??%uﬁﬁé@owcﬂﬁ?ﬁéﬁquﬁﬁgn N %‘ﬂﬂéﬁt@ﬁ@dlwcéﬁtlaﬁé@%ed

(t:)ausedbby thg ml‘sém:lill'ﬁi)ﬂiﬁatdky&bﬂrﬁ]lbl@st OftRosilBest aiEDRAIcakd (€. Bisdi | ity has
een observe st e i, um_i ons

have shortenedwtlfﬁl@v a%ﬂ ?ecfe\§ ré%tcii nH‘f%a% I\éyh%e?“ﬁléce Olf%‘foa?ﬁ)unét rahtév‘lfff'ie

[20] The int roﬂbﬁ?ﬁsod’hdfpslﬁﬁ @estsr?éni$%2ﬁ%ﬂ9@al cium or other cations

besi dteS Bami um ?H'{tlri]bsé b%s%ér?ﬁ@e'th&&%@lvhﬁﬁéé e tlti@rhadé ﬁPdﬁ{ngrﬁﬁE?auue

symetry near 0 e activator, .o s . to energetic

stronger inter@c Pc%ﬂ%algeatwg%s%h gﬁ]‘?&ml%%}?&‘q%ﬁﬂ%wﬂtaflﬁ tEIg‘p‘frFtﬁst[rgg'ﬁ%@%‘on

traps play an inmpeist antbe dolpgediewni to Ofeattléfifer at ure quenchi ng

process, and t \/ process within the crystal is

di st ur bed. Furpﬁsec(rwrrﬁ&,()ﬁﬁg%zlgﬁ% tivity against humdity is

i ncreasi ng w t hecimeicah®iroblemrber of I attice defects Ii ke traps [ 21]

An i npor{gnt po pnteraction

earth rretgsl Eur!éﬂlto =2 &Eﬁ t r&%ﬂf&k%{al DatY mv“f TS S%Bfr% Wlﬁﬁ%?le

has been reali 12@6 SB‘EIO‘Hlé\ﬁéloéﬁerﬁgtWPéerlafgdhaISﬂ@@}Sﬁ@afmAﬁlh@hqolméﬂ@fﬁltlwte

Silicates ( CSEI)hoalGl{mé/@itEngHYer@e‘{ﬂhI@ @iabfﬁw 1 16Wer S@hél@&h@@g&\i@@tﬂﬁ%ﬁdﬂt}pns

withint {4agon structure tice para

(G S0y 5468 Pins HhkiEh e G leRig Eip Pur et PP ikt
lattice wit hou@om@pﬁéqah(msﬁ@& XiBcaw phpsphods 83ated by ot 1Z8AYivalp2Hurdiien
lattice parameyRis el i heneky akbut 5&manto é3b§rﬂ‘ak§5?ﬂaﬁ@fa&%§%§%§b§ of
the well-known Orthosilicates with a=5.682A, b=7.09A and c

Here, the surr8tf8ing of divalent Europiumis influenced by the

ort hor hotdilc st Aoctherabjecf @3he FresanagomeionCoppeovidd kalinasesnEattgonal Copper
Silicates showsrfig shalifed SEPEEAL §§ ScRBRAYRE 13POMEh EA0GermbEhfire range

copper is very, ortaibt hor preparatio
i ncor por ati on % maB e Opﬁtt%SQO%%Q] Wiceomiee EaRkt of 3-Pp .capasially 9P,
effects coul d bkenobixad rgdthe] Ridl] other gobphorscopper is accel erating the

solid state re’f‘%l’nﬂﬂaijg hﬂgoﬁ he heating process. 4 WD
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<« 5 WD 2009/ 025469PCT/ KR2008/ 004733 0<b<0.5. [36] The phosphors may be

made by a multi-step high tenperature solid state reaction between
the starti R bRbEIsk@dl S conprising a surplus of Si02 andP(lgpkﬁb(,08,004733
conpounds, e. g. netal oxides and netal carbonates, which deconpose
at high tenperatures into oxides. The high tenperature solid state

reacti On{ r@y beTResfA-NBH RS WoaNT %R@Qn@@goﬂifié@@ caﬁ‘@X@w&@QQQHﬁrawolet as
Effects [37] Acc ng to enbodi rre gresent i nvention, re
stabl e silicat¥e! Eﬁﬁg@ FigtiG LAvalen F"@“Jtni‘ eﬁﬂtﬂs S FHRERITg ot PRBS fleld
activator ionssplining fSint aroatd3G5Smaninxhanitraviolehregioghut tremmymldreed Sphttmg
stability and é V‘ﬁfreée%‘érhtfe ModpHorAeH B%50 i .-]teM GaBioRa: Atpgﬁ’)r‘

8 re pper i'ne art h

Furt her nor e, nper at st abl’e tetragona
Silicate phosp"d? Ft?ga%gll\}%téﬁesoy at | east dival ent Europi um which

emts |igh bet WeesmiahiouiseFROpsnds on 63 c@ialefceNB Ub-aglled me pighl fiRbdod ect,

h f b
Akt ne ear ¢ B Ll of el hOR, T LNERGEI. hRl BIS ARG SERPE
tenper at ure r aHganerobasiEBILions: a@@wg@@wghmommsﬁ 1aﬂ@e(ﬁ}ﬂkef§¢m&e%t0ade

CRI of 80-95, &sRefiaal |sp’l1t919g &5he whasd MsEdvd g etheht EMréﬂ?u@tah@l‘esult in a
phosphors, can

PP howe oV Buk BhHe BB io 1 Phe i oPab R M dlsbiery S Rt ls
Oxyor t ho&lidli cat Eke dmasecttwienlyxsiting wiiaometnd guighgsphaiois hetSokes shift.

and wi t hout Com%ho@mcﬁ@so DTS Iab %IIQPCH\BY(%M%QQ§ hhe $13%k s llnqs b&wRPYEH
the influence of (531 t e%msmn spectraﬁg new t trag

Oxyor t hosi | i cat’eég” f%m g e%"“” Qe RXALDE ey Y hesy et‘f’i?ftﬁtéd“df"t
non st oi chi onedivalentCoppperm edthinghahesgla@ieg- Ot hosi | i cat e havi ng
tetragonglg str uﬁlt(glrtl%sﬂ{cﬁél efdl e aémsalﬂﬁ‘i@n }zj.u{)ﬁ)ﬁmdi+ &5 &uh@&i l%%){y%&pﬁmg)

a non- st0|ch|o trlc IIowemttln I cate aV|n
structure. [429ipsegt dl%tal?ﬁ&@\%ge‘i( ¥ 8 OBH}‘P@P@@’(CI SHHCBEet Pett FfénPSfa“&e Blepidity has
enmtting Ort h obeh s bdeinedtva thhariungridvesywiems tie wilidhuhd Biirepiufndidhs Haive shddtened
shows X-ray di chionetric
Oxyorthosi | i Cat%éh%ﬁﬁ%@% ﬁﬁk}%ﬁﬁ%@d tﬂ% ﬁ%]sale—ﬁm%&lgé shows X-ray diffraction
patternslf a sl @HPSirEpR P%ms{erscswmlmglélmuﬁb@’qthleea@t@nf gides Pygpmfipe

t he I nvention L{héGjrthéﬂxc&tﬁﬁ)ﬂaﬁlc&kar{cﬂgdlrbl\@é’]wcn@ﬁétw ﬁdﬁﬂoﬂfﬁé Mdat@f‘ 10?15'%‘@ leads to

| um nescent [ pr.esent ed. n or 6
WO 2005 62548014 %?5 SarGoaE Eféaf“of téﬁqw‘ieﬁor %mmé‘]‘C§ hﬁg%me PSS Theb
Cu0, 05Sr 2. 9, Si 12re By a}llrllm@“fmm[lesmthmermma@rmltenﬂgngmpeﬂ% ahd thenergy

Mol phosphor, @h@e( Bro98@ Jwithl Iﬁ@ryét@]zﬁdﬁgﬁﬂed ﬁhlg?err(l@x% t@@gf)nsmﬁﬁgggamst
(14.08g) and/ Q%lf corrbl natians there e startin

mrerial s i rori SVERS Beratonr ey tduniel ot RS it BSkhr o i xed
with thel@dppr opAn anporgant phintss e r&luciigmoftingsictiars baiween sheahide eantpmetas  of

flux (Ni4Cl 1}§prlufnn_an§ el ikl Aki&Pof 1¥s@§rr8ﬁﬁﬁﬂﬂg ?hétsha; Bé’eﬁgea!hge«ﬁ% de-
al um na cruci bI atnospher e or riob

in an in
gas) for 2-4 h‘éﬁﬂpé“g iﬁftf"ﬁ?“aﬁp@mﬁfﬁ“ﬁ’g‘“eﬁ FECRFS SEl)émﬁia el &y d“iall‘Fné
second step, theopuxt DivalensChppeetbns witain tatragohaiailchtcirid@e &dad 1o BREQE i n

weakl y reduci n&lif}ﬂé{g %r(éu‘;s‘&ﬁsﬁ‘ﬁ’%d&' aQ%@lfz\Ucf@’?'ﬁ%)%%@r thﬁxf'?q 'E‘%t g&%a‘?'

is mlled, washed m nescent materi
emi ssi on naxi nlﬁ‘rﬁﬁc%lfv@ﬁ‘ﬁﬁf)?%@srrﬁ%@(‘é’%w P FFE7HY; and crystal lizes
in the t&2jagonahe mtwcupirumete(smngn dr_ﬂf@ent?zbonv\m&B phi@melegaiflihe well-

different fro ntotl!% 0@9}%1& \9 —S% 68;.;(%5{0\6”17 b&A (98-—9 %ﬁxnglere) hte su1r<hundmg

table 1, results of on-anal ysSis are wr|
There is evi de‘?fé’éVdfl@rDéEﬂPPglm @i@%ﬁ@dtbabh‘ieorlhqrmbw ffaicsre.uct ure has

been charged cavsegoby O@Qﬁlﬁmkfﬁﬁﬁb @ﬁﬁﬁ SMlC@t@QSW@@I’% stai)ﬁ‘l&mﬂ_é}htﬁre behavior

O b enence, CouLSaRE SSEOELSS Lo DSBSl 8, B

especi al | y f orpardiendit £oprac intoncqamor Atkaline Edréh $1égdt@mh12¢)ef3°2¥8¢2>uld[lﬁ5]
[56] Table 1 JhMR42009/ 025469PCT/ | CR2008/ 004733 [Tabl e 1] [ Tabl €]

(24] Firstly, copper is accelerating the solid state reaction during the heating process.
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<] Powder X-ray spacing of the 15 strongest reflections (Cu-Ka,
radi ati on) of sone Silicate phosphors clnpared with data from

Li t er at ur e.ywgyghsghi om et ri cSr3Si 05(*) [ A] Non- st oi Ch&l@T)ﬁ&?}dsfﬁomss
Otho-silicat eSr138B a-036E L10, 06Si 1, 0404, 08 inn] Non-stoichio

metric Otho-Disilic ateBa2.44Sr0.5 MyE110. 06Si 2. 07 08, 14[ nnj

Non- st oi chi  oNBi&h@P6ppchbh@sid ol ;ﬁm@gph_%g_rs%o@‘h%n%v&%rﬁs&o@fh@nisiiﬁe%&%ﬁpared
06[ nnj Non-stoichio rretpr icOxy-O ‘thosilicateSr2. 7 4010. 02B ao2Euo ©

. 04Si 1, 0305 ao[H"R{"eNsAL SR fhebssrRreneRtie dieihopidpiey anpl is stabilizing
54010, 02B4A El 1h6 so4Sind3bouns [therdctitat@r. $Bid1Q, tHelddppbr AR RTiMg PRSHBhdds 3422
0.3639 2 3. 512 #08R1Q--AfRon b RA2G WaveRRgn.

[25] Copper as a basic element doesn t react as activator but the use of this ion leads to an
influence on the crystal field splitting as well as the covalence. Surprisingly, the incor-
poration of copper accelerates the solid state reaction during temperature processing
and leads to homogeneous high brightness phosphor which is stable at high tem-
peratures.

[26] Copper(II) has a smaller ionic radius (about 60 pm) and electro-negativity (1.8) is
higher than the electro-negativity of Barium, Strontium and Calcium (1). Furthermore,
‘Copper(II) has a positive electrochemical reduction potential of +0.342 in con-
tradiction to the negative potential of Alkaline Earth metals (-2.8 to -2.9). It is shown
that copper is stabilizing the emission of Europium within the silicate host lattice.

[27] Furthermore, the water stability can be improved. It is known that Alkaline Earth
Silicate phosphors are unstable in water, air humidity, water steam or polar solvents.

[28] Silicates with orthorhombic as well as Akermanite or Merwinite structures show
more or less high sensitivity to water, air humidity, water steam or polar solvents
caused by high basicity. Due to higher covalence and a lower basicity as well as a
positive reduction potential, the incorporation of copper as a basic matrix component
in a host lattice improves the behavior of luminescent silicates against water, air
humidity, water steam or polar solvents.

[29] The disadvantage of the strong temperature dependence can be overcome by
changing the composition of the phosphor and additionally by introducing copper into
such a tetragonal silicate matrix and by preparing special non stoichiometric copper
Alkaline Earth Silicates with a high temperature calcinations procedure.

[30] The present invention provides high temperature stable tetragonal Copper Alkaline
Earth Silicate phosphors activated by at least divalent Europium which emits light
within the range of 500nm to 630nm and a manufacturing method thereof. These
phosphors show a better stability against water and humidity and can be used with
advantage for high brightness LED applications. The phosphors are represented as the
following formula 1.

[31]

[32] [Formula 1]

[33] (Ba,Sr,Ca,Cu,)s.,(Zn,Mg,Mn),Si,,,0s,2,:Eu,

[34]

[35] A tetragonal non stoichiometric silicate is provided where Copper is basically an

essential part of the matrix with u+v+w+x=1, y=z+a, z<2, O<x<1, 0<a<0.5 and



X

1

0.2988 3 2.967 0.3300 0.2793 0.2990 0.2927 0.2925 4 2.903 0.3042
0.2293 0.2923 0.2701 0.2707 5 2.675 0.2%04 0.2007 0.2693 0.2461

0.2458 6 2uAf4hoe28%

7 0.1821 0.2460 0.2354 0.2356 7 2.33&rRr2B3804733

0.1771 0.2352 0.2201 0.2199 8

[36]

[37]

(38]

(39]

[40]

(41]

(42]

[46]
[47]

0<b<0.5.

The phosphors may be made by a multi-step high temperature solid state reaction
between the starting materials comprising a surplus of SiO, and metal compounds, e. g.
metal] oxides and metal carbonates, which decompose at high temperatures into oxides.
The high temperature solid state reaction may be performed between 800°C and
1550°C.

Advantageous Effects

According to embodiments of the present invention, more stable silicate phosphors
with a more rigid surrounding of the activator ions in a Silicate matrix and with high
temperature stability and lower sensitivity against humidity can be provided. Fur-
thermore, high temperature stable tetragonal Copper Alkaline Earth Silicate phosphors
activated by at least divalent Europium which emits light between about 500nm to
630nm and a manufacturing method thereof can be provided. In addition, luminescent
tetragonal Copper Alkaline Earth Silicate for LED applications, which have high color
temperature range from about 2,000K to 8,000K or 10,000K showing a CRI of 80~95,
especially 90~95, when mixed together with other phosphors, can be provided.

Brief Description of the Drawings

Fig. 1 shows emission spectra of new non-stoichiometric Oxyorthosilicates compared
with stoichiometric phosphors; both with and without Copper at 450 nm excitation
wavelength.

Fig. 2 shows the influence of Ba on the emission spectra of new tetragonal Oxyortho-
silicates.

Fig. 3 shows X-ray diffraction patterns of a non stoichiometric Copper containing
Oxy-Orthosilicate having tetragonal structure.

Fig. 4 shows X-ray diffraction patterns of a non-stoichiometric yellow emitting Or-
thosilicate having Olivine structure.

Fig. 5 shows X-ray diffraction patterns of a blue emitting Ortho-Disilicate having
Merwinite structure.

Fig. 6 shows X-ray diffraction patterns of a non-stoichiometric Oxyorthosilicate with
0.4 Mol Ba.

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

Mode for the Invention
(example 1)

Manufacturing method of the luminescent material represented following formula 2
is described.



2.187 0.2416 0.1687 0.2201 0.1899 O. 189? 9 1.891 0.2328 0.1630 0.1816
7

0.1818 0.1820 10 1.808 0.2176 0.1612 O.

71 0.1774 0.1778 11 1.660

0. 2055 0. 130620922508 0. 1705 0.1707 12 1.589 0. 2030 0. 13881/M&R266/604733
0.1667 0.1666 13 1.522 0.1889

[48]
[49]
[50]
[51]
[52]

[54]

[Formula 2]
Cug 05512915911 .05Os.1:Eug 4

As starting materials for 1 Mol phosphor, CuO (3.98g), StCO; (429.60g), SiO,
(63.09g), Eu,0O, (14.08g) and/or any combinations thereof are used. The starting
materials in form of very pure oxides as well as carbonates are mixed with the ap-
propriate surplus of Silica together with small amounts of flux (NH,C1 16g). In a first
step, the mixture is fired in an alumina crucible at 1,350°C in an inert gas atmosphere
(N, or noble gas) for 2~4 hours. After pre-firing, the material is milled. In a second
step, the mixture is fired in an alumina crucible at 1,350°C in weakly reducing at-
mosphere for additional 4 hours. Then, the material is milled, washed, dried and
sieved. The luminescent material has an emission maximum at about 580 nm (shown
in Fig. 2), and crystallizes in the tetragonal structure (shown in Fig. 3) which is clearly
different from the Orthosilicates (shown in Figs. 4 and 5).

In table 1, results of the X-ray diffraction analysis are written down. There is
evidence from Fig. 3-6 and table 1 that the structure has been changed caused by non-
stoichiometry and Copper.

This difference can also be seen clearly by comparing Fig. 3 for a non- stoichiometric
and Fig.7 for a stoichiometric Oxy-Orthosilicate, especially for the diffraction pattern
in the region 20=32-42°.

Table 1
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[65] As starting
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[ 66] By substiftot] of Tomt Mot —Baritunmr for —Strontiumresutts N
an eni ssion be weégg% @ F g. 5|0 5 &hd t o'23¢hange Pt he stf-detlre.
67 [68] (eXamibe:3) T6Shevenufiastayr ing [geiched oflobhe, Tum ngssent
mat eri al represern sent ed followng faormila 4 | escri
3 12.967 0.3300 0.2793 0.2990 0.2927 0.2925
4 12903 0.3042 0.2293 0.2923 0.2701 0.2707
5 12.675 0.2904 0.2007 0.2693 0.2461 0.2458
6 |2.444 0.2847 0.1821 0.2460 0.2354 0.2356
7 12.337 0.2837 0.1771 0.2352 0.2201 0.2199
8 |2.187 0.2416 0.1687 0.2201 0.1899 0.1898
9 11.891 0.2328 0.1630 0.1816 0.1818 0.1820
10 {1.808 0.2176 0.1612 0.1771 0.1774 0.1778
11 11.660 0.2055 0.1395 0.1703 0.1705 0.1707
12 |1.589 0.2030 0.1338 0.1667 0.1667 0.1666
13 [1.522 0.1889 0.1282 0.1595 0.1598 0.1602
14 |1.489 0.1842 0.1256 0.1568 0.1569 0.1569
15 11.343 0.1802 0.1206 0.1526 0.1527 0.1528
[57] * Data from Literature for Sr;SiOs in (10 = 1nm): R.W. Nurse, J. Appl. Chem., 2,
May, 1952, 244-246
(58]
[59] (example 2)
[60] Manufacturing method of 1 Mol of the luminescent material represented following
formula 3 is described.
[61]
[62] [Formula 3]
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[66] By substitution of only 0.2 Mol Barium for Strontium results in an emission between

| and 3 in Fig. 2 and to a change in the structure.

[67]

[68] (example 3)

[69] Manufacturing method of the luminescent material represented following formula 4
is described.

[70]

[71] [Formula 4]

[72] Cu.03512.92C20,0;S11.0305.06:Eg 04

(73]

[74] As starting materials, CuO (5.57g), SrCOs (431.08g), CaCO; (1.0g), SiO, (61.89g),
Eu,05 (14.08g) and/or any combinations thereof are used. The starting materials in
form of very pure oxides as well as carbonates are mixed with a surplus of Silica
together with small amounts of flux (NH, 24g). In a first step, the mixture is fired in an
alumina crucible at 1,300°C 1n an inert gas atmosphere for 2~6 hours. After pre-firing,
the material is milled again. In a second step, the mixture is fired in an alumina
crucible at 1,370°C in weakly reducing atmosphere for additional 6 hours. Then, the
material is milled, washed, dried and sieved. The luminescent material has an emission
maximum at 586 nm.

[75] In the following table 2, Relative brightness of various non stoichiometric Copper
Alkaline Earth Silicates at 25°C, 100°C, 125°C and 150°C compared with YAG and
common Silicate phosphors under 455 nm excitation is summarized.

[76]

[77] Table 2



(Sr, Ca)2Si O4: Eu(612nn) 455 612 100 87 73 57 Sr2. 96Si 05: Eu0. 04 455 582
100 96 94 90 Cu0. 055r 2. 915i 1. 0505. 1: Eu0. 04 455 580 100 98 97 94

Ca0. 05Sr 25,MB2004/823460305, 06: Eu0. 04 455 600 100 96 95 92 PCT/KR2008/004733
Cu0. 07Sr 2. 88Ca0. 0, Si 1. 0305. 06: Eu0. 04 455 586 100 95 94 91

Cu0. 1134. 1Sr 2. 56My01MI01Si 1. 060 5. 12: E10, 04

[80]
[81]

[Table 2]

[Table ]

Relative brightness of non-stoichiometric Copper Alkaline Earth Silicates at 25°C,
100°C, 125°C and 150°C compared with YAG and common Silicate phosphors under

455 nm excitation

Composition Exicitation  |Emission |25°C |100°C|125°C|150°C
wavelength(n | Maximum
m) (nm)
YAG 455 562 100 |92 86 79
(Ba,Sr),Si04:Eu(565nm) 455 565 100 |92 78 63
(Sr,Ca),Si04:Eu(612nm) 455 612 100 |87 73 57
S15963105:Eug g4 455 582 100 |96 94 190
Cug0sS12.91S11.0505.1:Eug s 455 580 100 |98 97 94
Cup0sS1251BagaSi; 305.06:Elg s 455 600 100 |96 95 92
Cug 7S12.83Cag.0;S11.030s,06:Eg o4 (455 586 100 |95 94 91
Cuy,Bag Sty 56Mgo, Mng 1 Si; 460 {455 575 100 |96 94 192
sa2:Eug gs
Cug ;Bag,S1;.46Mgo Cag ;1 Si) 0505, {455 572 100 |95 94 91
16:Eg g4
Cup2Bag Sy 56211 S1; 0205 04:Eu [455 574 100 |97 95 93
0.04

Non-stoichiometric Oxy-Orthosilicates also show higher emission efficiency
compared with the stoichiometric ones. In both cases the incorporation of Cu?* as host
component leads to an improvement of brightness and emission efficiency as can be
taken from Fig. 1 for typical orange emitting species.

In the following table 3, sensitivity of non stoichiometric Copper containing new
phosphors against humidity and temperature compared to common Silicate phosphors
is summarized. Here, the brightness is measured under 450 nm excitation wavelength

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

Table 3



455 575 100 96 94 92 Cur,,, BanSr2.46Moi Ca0., Si 1, 0805. 16: Eno. 04 455

572 100 95 94 91 Cuo. 2. BaDASr 2. 56Zno. S@OZOS 04: Eu 0. 04 455 574 100

97 95 93 [WB1pssed0 chiometric Oxy- Crth05|llcates a|596ﬁﬂﬁﬂbgb99§§

em ssion efficiency conpared with the stoichionmetric ones n bot h

cases the incorporation of Cu2+ as host conponent |eads to an

i mprovenent of hpj.gfit ness and em ssion efficiency as can be taken

fromFig. 1 for typlcal orange emtting species. [79] In the

fol |l owi ng t abl gaBle] sensitivity of non stoichionetric Copper

cont ai ni ng newB@mmsphofﬁnﬁgﬁﬂﬁ@hmhuﬁhﬁ@iymamﬁmgaﬁpqmaﬁmbﬁdgaﬂn&madﬁﬁo

common Silicat ' e brightness is
EgRORBRNAIS oo A MBI AGHS ERE Bhosh RS

nmeasur ed under m i on_wave enqt % me exposed to the

condition of 8§ Sfmpenper ature g¥§§g%%ﬂted hum dity. [80] [81] Table
3/ 00473 Le

3 10 WD 2009/{025469PCT/ KR2008 3] [Table] Sensitivity
of non stoichijonetric Copper (bt ai ﬁ4ngs el\ﬂoplt'sos 0 hss agﬂiOrls-i 1000 hrs

hum dity and t eratyre_co d—to-co cat ' ' S f
hum 0ty and e SO P RS T PRSP
Orthosilicate (565nm)

Example 1 100 99.6 99.2 97.8 94.8 91.5

Example 2 100 98.9 99.1 96.4 93.9 90.7

Example 3 100 99.0 98.7 98.2 95.4 93.8
[82] All new phosphors show a much better stability against water and humidity than

common Orthosilicates as can be taken from table 3.



O hrs 24 hrs 100 hrs 200 hrs 500 hrs 1000 hrs Conmercial yellow
Othosilicate (565nm 100 98.3 98.7 93.3 84.7 79.3 Exanple 1 100 99.6
99.2 97.8 94.8 91.5 Exanple 2 100 98.9 99.1 96.4 93.9 90.7 Exanple 3
100 99.0 98.7 98.2 95.4 93.8 [82]A |l new phosphors show a nuch
better stability against water and hum dity than conmon
Othosilicates as can be taken frorpélgiligrllsq 3.

[Claim 1]

Non stoichiometric luminescent material for light emitting device, the non
stoichiometric luminescent material being an Oxyorthosilicate phosphor having
tetragonal crystal structure and having more silicon in the crystal lattice than that in the
crystal lattice of Oxyorthosilicate phosphors having stoichiometric tetragonal crystal
structure.

[Claim 2]

Non stoichiometric luminescent material according to claim 1, wherein the
luminescent material contains divalent Copper within the matrix and Europium as
activator.

[Claim 3]

Non stoichiometric luminescent material according to claim 1 or 2, wherein the

luminescent material is excited by radiation between 250 nm and 500 nm.
[Claim 4]

Non stoichiometric luminescent material according to claim 1 or 2, wherein the
luminescent material comprises a silicate represented as the formula

(Ba,Sr,CayCuy)3.y(Zn,Mg,Mn),Si1+405+26:Eu,,

wherein, utv+w+x=1, y=z+a, z<22, 0<x d, 0<a 0.5 and 0<b<0.5.

[Claim 5]

Non stoichiometric luminescent material according to claim 1 or 2, wherein the

luminescent material emits light at the long-wave side of the exciting radiation.
[Claim 6]
Non stoichiometric luminescent material according to claim 1 or 2, wherein the

luminescent material emits light having wavelength between 500 nm and 630 nm.



11 [Cainms] [Caimll Non stoichionetric |um nescent materi al
for light emtting device, the non stgjchionmetric |um nescent

mat eri al being an Oxyorthosilicate phosphor having tetragonal crystal
structure and having nore silicon in the crystal lattice than that in
the crystal lattice of Oxyorthosilicate phosphors having

st oi chi ompgah.f Ajetragonal crystal structure. [Caim 2] Non
stoichionetric ['um nescent material according to claiml1, wherein the
| um nescent i i dival.e Belo] i thin.the P X .
Europt am as. act TSP SRR e iRk RRE ot Forc? il 1B

| um nescent. material accordi to claim1 or 2,  whereji.n the. e
| nesc Sbinfee fiera Sord du By orEhrYh el e ane s e
iun. [C aimd4] . Non stojchiometric |um nescent nmaterial according
to cl ai neXcitsfion radjgtigndp Rradyee e Hekicuwelomendemand.conpri ses a
silicate represented as the fornmula (BauSrvCawCux) 3.y(Zn, My, \n), Si
+b05+21) : (EFa@ra,Sl\/\her ein, u+v+wx=1, y=z+a, z 0<x O<a SD.5 and
0<b<0.5. [C aim 5] Non stoichionmetric |um nescent nateri al
accordi ng to cNeu soichameic Wneneicanttrhatetialraco@dmgrtd chahdr orell, vérerdis the
light at the | ong-wave side of the exciting radiation. [C aim 6]

Non st oi Glhi@eRkh! Malewill REGGRAND EORIBAMDN RABY PHMgnt Bluel chifiink @vied to
wherein the |um nescent material emts |ight having wavel ength

bet ween BAQEMARE 1830 WM cdiér tdahRkdhill between 208UK %ﬁ@h@&%%‘iﬁ& ICRT of

| um nescent material according to claim1 or 2, wherein

| um nescent (5rg§5eri al is used in conbination with a light emtting
devi ce em t?l ng excitation radiation to produce white |Iight or color
on demand[ %CI %i m 8] Non stoichionetric |um nescent nmateri al
accor di ng F81R Jim1 or 2, wherein the |uninescent material is used
in conbination with a primary blue emtting device to produce white
light with colJen ﬁf@wg&r%ﬁtﬂ? Binpjaessertinatgngiecserdinggo siwmangr Lryheggin the
Ra=80-95. [Caim9]  Non stoichionmetric |um nescent material
accor di ngmigesdent materiol 19 maghelieianmplieste filghe seseprrathist ealidaptajesrepetim
by a multi-step high tenperature solid state reaction between

st ar t i ng batsteen istdrtsng orapriaksi cogn@issng plsuplsf ofSPiI0R aad dnetelt edmipoompo widdh
whi ch deconpose at high tenperatures into oxides. [Caim10]

Non st oi dbtonifise bChibhlniRsaeRrt im@beideal according to claim9, wherein
the tenperature of each step of the multi-step high tenperature solid
state reag¢tigq 103 bet ween 800C and 1550C.

Non stoichiometric luminescent material according to claim 9, wherein the
temperature of each step of the multi-step high temperature solid state reaction is

between 800°C and 1550°C.



