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driven. structure opmprsesgnetal !ayer acting as the lower electrode covered by a

PCT/ CA98/ O4Rfsbtric l_ayer made from a ferroelectric ceramic. This layer is then coated with
20 | a phosphor layer and' the final layer deposited over the phosphor layer, is a
'transparent conductmg upper electrode made from indium tin oxide (ITO) N
Application of an effective voltage between the two electrodes produces the
electric field. The role of the dielectric layer is to limit the electric current and
power dissipation to prevent damagmg the EL devrce
25 ~ There is strong commercial mterest to achieve the full spectral
range in eleotrolummescent phosphors for vrsrble display application and in
'partrcular for making colour flat panel displays. Sulphide phosphors are well
known.as effrclent light emitters in electrolumrnescence as discussed in T. |
| Inoguchi, M. Takeda Y. Kakrhara Y Nakata M Yoshlda SlD'74 Dsgest P 84-
30 | 85, 1974. These include ZnS:Mn and SrS Ce A srgmf cant drawback to SrS is |
that it is moisture sensitive and is uns_table especially when electrically driven.
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materials at 1020[err] C.j More recently,
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bet t red phosphor, /d%fd' A, N
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- phos BBo_r > hglyéerr]igerg'xpsgtogne(nz%rcacltdl 2ot 6 at 60 Hz at up to 0.9 imfw) but only obtained 0.5
cd/m? blue, and 11.0 cd/m? red at a drive frequency of 1000 Hz, which are not |
practical brightness val.ues for blue and red emissibns. They annealed these
phosphor materials at 1020°C in argon. | _' |

) .More recently, Minami et al. -havé doped ZnGa,O, with chromium to

25 generate a _bétter red phosphor, clai'ming 120 cd/m? at 1000 Hz, as disclosed in

- T Minami,.Y._Ku,roi, S. Takata, T. Miyata, presented at Asia Display'e5,
Hamamatsu, Oct. 16-18, 1995, p.B21. However both the low brightness and the
- high "anhealing temp_erétures (approximately 1000°C) prevent this material from

being a useful phosphor.
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Ba[err]Sr[err]Al[err]G[err]Jerr] (x=0, 0.5, 1 and y=0, 1, 2), and
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relativel y narrow wavehengritiohadgthovelaimaier drawback tojiaiovwanoxids: Mh or
. blue-green SrS: Ce which are not ideal for col or displays that
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SrS:Ce, which is green-blue, ist o only about 10% of the | ght
i s pabsed t lsuphjbeglestiriuminasgent materials is that they are restrigtgditaemitiing @tar t h

doped id k af . d . | [t f
Gopant o Eur i CuRP WP 8RBT B rE Folbftely Yy Wavelenot rangh SRy | O
3 SNEWEBAS IR Br blue-green SrS:Ce which are not ideal for color displays that

PCT/ CA98/ 00043 . Wwavelengths that are positioned in the visible
spect rum awengqtireranissiogdsithe ded, green andrkide parisaf the visiblespasirimengt hs.

oo L0 e et ARSI o S B 108 e cheie
~the- og " stability problems such as oxide formation (since oxides are generally
- | thermodyna’micélly mc_)re 'stablé than sulphides) which changes the electronic
properties of the material over time. . :
| ~ The classic EL phosphor, ZnS:Mn, is yellow arid has a peak
wavelength of 580nm. However, while it may be filtered red and green, most of
.25 " the light is lost because only about 10% of thé light is passed through the red
" and green filters. Similarly, a drawback of 8rS:Ce, which is green-blue, is that
only about 10% of the light is paséed through a blue filter.
. In the rare-earth doped oxides, narrow peaks that are red, green or
 blue result from dopants Eu*® or Tb*® so that little or no light is generated at |
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5 requirenent for high tenperature annealing. It would also be

advant ageous to - provide new el ectrol um nescent materials which-
enmit red™O%¥RB3S/ t hout the need for filtering. MBEE/CABRE04] ¢ I y
it would be very advantageous to provide a red EL phosphor, which

“i's brighteryhhaBnkfewRat 8¢ fasibIEPihe visible spectrum away from the bbsitey! d
al so be advant ageous to provide a nmethod of producing new phosphors
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el ectrol um nescent materials can be deposited onto a wide variety of

substrates not normally useable as substrates for those known
oxi de EL materials. requiring SUMMARY OF THE INVENTION -
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PCT/ G298/ 00043 It is ampBject @fwﬁ@rm&seat ivestion kypPravids Bew t o exhi bi t

phosphor & CURRES Ritesgent mpteriaispsed on aikali cofiEiafih PR SR 0% o1

Sr to Ga vadlbeoloHfiheddent banadioli iPtHeored pdrtioh lf it ecromagnetic spedirb@ Of
Eu to Sr varies over the range 0.001:1 to 0.1:1, the phosphor being 5
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20 which do not require post productxon high temperature annealmg in order to
| achieve electrolummescent behaviour. ' '

A significant commercial advantage of the present invention is that
several new alkaline earth gallate based electroluminescent materials have been
grown on substrates at low temperatures and excellent electroluminescent

25 behaviour has been obtained without the need for high temperature annealing |
as is common in other known oxide phosphor systems. Therefore, a very
significant advantage of the present invention is that these new |

| electrc;lumineséent materials can be deposited onto a wide variety of substrates

not normally useable as substrates for those known oxide EL materials requiring =
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"Ba, Ga and Eu, in which the atomc ratio of Ba to Ga varies over the range

1:2 to : 1, the atomc ratio of Eu to Ba varlesl?magsﬂﬁm{;;ange
35
0.001:1 %09 J}. fA t he phosphor being characterized by red :

el ectrol um nescence when an effective 10 voltage is applied across the
phosphor. Thgl tareperaturestnnealingindrdenia exnibit electrolupingsseoee. cont ai ni ng
Ca, Ga and Eu in WmchTthe atom c ratio
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is imghe r a}wag‘erlgmﬁedbcﬁbmmtmuﬁbhot 'ﬂ'aelmvxentuenfaismprowdes oxidebout 0 5
to about 4, and z is approxinat eI (!é% \z ,&ﬁxcl udi ng 2

Ba[ err] Eu[ erm’]O@Q['\@F?r pepiaining Gan Q hign the @mrﬁ%"rﬁhpcﬁf Ga tp Gecyarias
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The present @ pgeMtiodm 1pr, Avé pRespitorchsing chrudiebssd by red @levtidltmirescence
phosphor having a formul'ation Ca[errl] Eu[err] Gaferr]derr], where x is in
the range f r\dmraaomffectwe voltage is applied across the phosphor.

PeT/ HBer 00048 o ongyagpRCt oS the Iyention there i RIPYSESAN: 0.5 o abou

4, and z s gegrashiiBéstant e8d amitting phosphot ﬁaﬂzmg(a’ﬂfo?hwlaﬂah Shi Eugsa@ - o
the invention a preferred fornul ation conprises the 1 range

f rom about oulmaremnsandhe rangs 00 o 0.4, yis fram ab@@eo brte mbarbi2, and ztis
bout 4.
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Sr [ err] Ga[ eripl&htidrt & préferred¥opnaiation%fithe PhospRbEisREBBirafbe from about EU

present in SrierrFG[err](err] and spans the range in which Eu is soI uble
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oresent 10 S err] Gaj aPagtiny pSigk 8 e VAROR 18 Th i Rcer &, 1 SST UEFe
o) caf oS FEASEAARA @IS erbinrpeppe g Bt <
' ~ Ba, Fu,Ga,0,, where x is in the range from about 0.001 to about 0.1, y is from

- about 0.5 to about 4, and z is approximately 1+(312)y, excluding

25 BaygElp01Ga,0,. In thié aspect of the invention a preferred formmation.
- comprises x in the range from about 0.01 to about .05, y is the range from about
0.5 to about 2. | |

The present invenﬁon prdvides an electroluminescent red emitting

- phosphor having a formulation Ca1_,;EuxGayOz, wherex is in the range from about- e



nol e percent -of Eu present .in Sr[err]Ga['err]qerr] and sbans the range in
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met hed of pspAEONY%a compound hah hrf@#muﬂarsrfg {Gan%EWhéﬁéh@n% is the
providing an ‘el éctrol um nescent ghor ed fromthe grou

consi sti ng wblespgrent chEum F@@rlﬂ]sr sSndspansdhe rangs in W]”lmiv/EJ is
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6 MEh8 88 FeRcent of Eu present in SrGaO an ans the range in which Eu i
PCT/ CA98/ 00043 L Sal or PESSNLin S17240s and, ghans the rang s
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The present invention pr an electro
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an

having a formula CésGa‘;Og:n%Eu, wherein n% is the mole percent of Eu present
| in Ca;Ga,0,, and spans the range in which Eu is soluble in Ca,Ga,0,. |
25 : The present invention provides a method of producing
electroluminescence, comprising: |
~ providing an electroluminescent phosphor selected from the group
' consisting of Sr,Ga,05n%EU, Sr,Ga,0,:n%Ev, Sr,Ga,0,::n%Ey,
SrGa,0,n%EU, SrGa;;0;5n%EL, Sr:Ga,0sn%Ey, Ba;Ga,0sn%EL,



Eur opi um present in the el ectrolum nescent phosphor, and spans the range in
15 Whii§ BgARdsd sosol uble it he el-ectrolum nescent phos 43

a subs\tMg{r,lt P%{ﬁ y transparent -el ectrode deposited onto a top surface of the
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Figure 2 is 0 ht ness and efficiency versus voltage at 60

Hz for EL p %\s/%%btrm@%f'gﬁgg

-AVX substrate, a dielectridsulbistrate havinga candeetingwglectrepewma batk sarfac@neal

at 950[err]C for_1 hour in a|r
. &58P53359

PCT/ CA98/ 00043 . eie%trotugunescentt phosphé:rl &H’E?ré’ht%ﬁg?é@eto?%ﬁ:he?@&tﬁé' on

spectra for the p osp
Figur@ 4 i ssarfad:@tthefelemtr@bmeanphe‘s;brnmn Mng seﬁm‘e&fmm theogroap 60

Hz for EL phosphor filns sputt redfromS rr]E Ga rr]qerr] onto an
AVX subst r af@nsisng of § ﬁiﬁ@z&mﬂzgut S&@% EHQS am‘a t-{sh an anneal at
.850[err]Cf 05 hows t he EL
em ssion sp§%§ Tgr/“%lﬂ nA G%‘OS n%EU, Baﬁ@ 6%(%&'

Fi gure 6 .isBa,Gbs0,:A%EY ag@Oag@a@gtd‘Vﬁd lwh@eﬂ—yn%ﬁwissthwhmlegﬁraémﬁﬁf
Hz for EL phosphor filns sputtered from Sr[err]Eu[err]Ga[err]CIerr] onto an

AVX 10 EypepivE presgbt in ‘Rﬁt%l%ffo‘é!m”am PRgSBRe, SRAFEPANSHharaRGR bl at

thol 86 Lo s Bhigh Ey s spibid it el Aelrbiuminescant phosphor, and - o 9Ure. 7 shove

Figure 8 is a pl etswstéﬁtmpttmaam é%éétt@de?ﬁép!osite@mtova)td &de 60thed
Hz for an EL phosphor filmsputtered from Sr[err]Eu[err]Ga err]qerr] onto

an AVX phosplemendat e, without an anneal ing step;
means for applying a voltage between the transparent electrode and the

_ ‘conducting electrode to develop an electric field across the phpsphor. -
P _ -

BRIEF D_ESCRIPTION OF THE DRAWINGS
‘The new phosphor materials exhibiting eieetroluminescent .
behaviour forming the present invention will now be described, by way of
_ example only, reference being had to the accompanying drawings, in which:
25 | : ‘Figure 1 is a side view of an EL device structure using a

commercial barium titanate substrate produced by AVX Corp.;
-Figure 2 is a plot of bnghtness and effi cnency versus voltage at 60
Hz for EL phosphor films sputtered from Sr, 5,EUq 0:Ga,04 onto an AVX substrate,.
| both wnthout an annealing step and with an anneal at 950°C for 1 hour in air;

ne sputtered fromSr[err]Eu[err]G[err]derr] onto an .



Figure 9 shows the EL em ssion spectrumfor the phosphor film of

~Figure 8. : Figure 10 is a plot of ' 5 and
effici eﬁgy vesrsgus vol tage at 60 20 Hz for an EL phl(tgig%g% rrlm .
sputtered from Sr[err]Eu[errLGa[err Jerr] onto an AVX substrat e,
‘with a 'subsequent anrfdguresd sbews dne ELemission spagtra fer he phosphor films of
Figure 11 st éhe EL em ssion spectrum for the phosphor film of

Fi gure 10; F'gure Figure 12 is a plot of brightness and

effici ency versus volgiage #is §@ictf brightndds i efficicnieysuehons ifdzlltég‘e arxsm er éd o

~fromSr[err]Eu[err]Ga[érr]err] onto an AVX substrate,

- wi thout an Henfoedili plgosphes flme splittaredh ramr&agzmompbrqqt@anoﬁ\vx awbgtraten

_oair ) _ Figure 1 ows _the E S S for the .
s 'phosp‘-hor f it without an annea&m%gfeé) e&c?wrt an anneal a_lt 8%61'?(3)1"0% h@ﬁgﬁ@ﬂ‘, 14 is a
pl ot of brightness agﬂlgﬁrfé( 5 ShBWSXhe ELSihiséRirt Skt P he phosphor films of

- 8 - WD 98/ 33359 _
PCT/ CA98/ 0(Faddre 4; . Hz for an EL phosphor filmsputtered from
Ba[err]Eu[err]Ga[err] err ont rate, w
~anneal i ng step; ALY plot o br'aﬂt@%ﬁsea&%eé‘f%ﬁﬁgytﬁsﬁvg'ﬁ?%%?

t f
spect rum q_lzhj}?rppﬂéﬁ}gfrfﬁ ink Blitered from SrehdEd B Bd O, ofto an AVX

Figure 16 is a and e
Hz fam o an Eéuu@tra@muthwmmusaumeemg stspmwrth]mmeqrea[geerp@enr] onto

an AVX : substrate, wthout an anneal i ng step;

Figure 17 dwsifdn@ifie EL eni ssion spectrum for the phosphor f| | mof :
Figure 16; 10 r Hes d
efficiency versus vol t'g reTShgws tﬁéﬂ&n%d'f%ﬁe&}é)fg{ gsp or frﬁ‘r?ra&f '
sputtered frigoredaf err]Eu[err]Ga[err]qerr] ont o an AVX _ substrate,
wi t hout an anneal i ng st ep; ur e - 19 shows the EL

em ssi on spectrum f orFigHee %r!roepnketroffhrrghtmss and effrcrenqy gus yoltage at

DETA PTI ed her ein,
t he rm P Cgﬁ @‘pﬂé‘séb@ '@l Eﬂgﬁépgggréosm c§rr°3"Eu°"2(35140 P teoraa whi ch
exhibit el %s%@nmgmm%r(rﬁa)mympa suitable or effective '

electric field is devel oped across the material. The various el enents_used
in the Figure 9 shows the EL emission spectrum for the phosphor film of

Figure 8; _ _
_ Figure 10 is a plot of brightness and efficiency versus voltage at 60
20. - ~ Hzfor an EL phosphor film sputtered from SrgggEUg12Ga4,049 ONto an AVX
- substrate, with a subsequent anneal at 950°C for 1 hour in air;
Figure 11 shows the EL emission spectrum for the phosphor film of
Figure 10; '
_ ‘Figure 12 ie a plot of bright_ness and efficiency versus voltage at 60
25 - Hzfor EL p_hospher films sputtered from Sr,g4EUq 0sGa,0, Onto an AVX substrate,
both without an annealing'step and with an anneal at 850°C for 1 hour in air;
| Figure 13 shows the EL emission spectra for the phosphor films of
' Figure 12; | . o
Figure 14 is a plot of brightness and efficiency versus voltage at 60 - - -



20 production of the new oxide based materials exhibiting EL discl osed

herei,n  wqogmasshncl ude gallium (Ga), europium (Eu), -Strongipm,behdgys 0artum -~

(Ba) and cal'cium (Ca). Fil m Preparation

Commercial high purity SrCJerr] (99.99%, CaCJerr] (99.95%, BaCO3 25
(99.95% ,: Gaﬂ-lzrfo]'é{’ldikph@s@@‘ﬂ%squtmmﬂm%mm%pemmm\yx(99 9%
(from Rhone- were mxed in appropriate ratios and

fired at 1108pesYFiE, t"'dtli’ou an an%fﬁg Ff']C inair for 2-46 hours to form-

the phosphor powders. 2O 8RMWE 8RS EPfemission snedtrhﬁn fiiaRe fb?fcsﬁﬁﬁpﬂlhﬁléﬁ
and their firing condlt ns are listed 1n Table 1.-F osp or-

povvders wer e Figquge found, pressed, and placed in a 2- |nch RF -

WD 98/ 33359
PCT/ ‘cadB8/ 00043 FigyrggtRis 2 Righ e b(@@“@%ﬁ?)a”drﬁﬁ’ﬁ'%cvr}?r% %‘“&%%é 6Rd
i shed t
Usihg the. photyRbRR L Bhbbpnor fim sputfitBa ot B, 26 @H0) B Bn3RYK! o1 N9
BaTi J err] - baabstréte; wvthbetanlanneahaglstemade by green sheet

processi ng. (AVX Corp) Refe to Figure 1, a nulti r thic

stack was - rrantﬁ'%‘é" ‘Usﬂh%ﬁ?ﬁ'f"bﬁ%"hs%ﬁﬂ@ %?"y]?‘ F‘Q

a screen-pri r‘}t@ﬂ rrfﬁ electrode 14 and finally a BaTi O3 Iayer 16
40 [err]mthi on the surface of el ectrode 14. Inpurities that

are cogonly incor por atRigure 8 ivea pidkidfbrightness and efficletheytveysud t/ottagehat 60
substrates to have the desired dielectric constant ( rr]= 900 A
t enper at ur e &EFOR @arkele PRASPRANEM $HWissedfeam Chaedibl m&{ﬂv@sq 2: 02 ‘éx

deposited by . ri ' ef fect. ith a 2" US gun at asubstrate.
t enperat ure EQB%%% %oggbﬁgpﬁ?%"% S?éﬁ E‘éil]d/\/l : An AVX ceram c
substrate, as shown i n Figgrer 0 éhowgth@acaﬁnséumzpectmm for thB PHOsbAer il of
Sputtering was carried out at a gas pressure of 20 ntorr to grow 15 thin

filns measuran@J_re@to 2 mcrons, preferably between 4000A and 9000A, in
t hi ckness. The sputtering at rmsphere consists of 5% (Jerr] and 95% Ar. The

thin 1 filnms were anneal ed at between 850[err]C and 950[err]C for 1
hour in air or left DETAIL’EWE?EQGRIP‘P!@N OF ?-‘HEINVENT@I(I' ndiumtin
oxi de) of about 2000[err] was grown by F magnetron sputtering at

a substrate tenper at ur dAsofiseEbDeraim,) thetterrh qnhwsahaﬂjs) refettsrtamtmmnuesmrp
BLbr1 ght nes SaiRGARAREN A AeB R EReScaesi i Whsh A siebitrestie |
efficiency “%teaﬁeﬁaroﬁg PP PauRE tHE WeitefTBE TRE- vaﬁbu@@téﬁ;bﬁfé SRSE Il the
20 production of the new oxide based materials _exhibiting EL disclosed herein :
include gallium (Ga), europium (Eu), strontium (Sr), barium (Ba) and calcium
(Ca).
Film Preparation
B Commercial high purity SrCG3 (99.99%), CaCO, (99.95%), BaCO;
- 25 (99 95%), Ga,0; (99.999%) (from Alfa-Aesar) Eu,0; (99.9%) (from Rhone-
- Poulenc) powders were mixed in appropriate ratios and fired at 1100°C to |
1250°C in air for 2-46 hours to form the phosphor powders. The compositidns of
‘the ;;hosphor corrtpounds and their firing conditions are listed in Table 1. The
phosphor powders were then ground, pressed, and placed in a 2-inch RF ~



wer e rreasured with a corrputer controlled spectrorreter Fi I m

Anal ysi o - -~ Si'nce-devi-at i-on-+A -conposi H:,PP s ructure
gener al Is‘y'y o’ccu between the target and the thin utter
deposi tion of aI kaline earth- gal l ates, X-ray diffraction, X-ray

f 1 uor escenc enagreitrosi gura(idS guaj.t Thinfilme iwere deposited mmmmuewx@anoa

.CO 05|t|onal anal IS reuderta en, X-ray diffraction
10rrp @é magne ron sputtering usmé the phosphor powrger fargets. All

PCT/ CA98/ 00 rf.9

McMast er Um@ég?tgatte v arE da%%?%) r%%%ﬁmf&tﬁ@e%@i?cﬁg??ee??% %\ggﬂgg for rred

at thehChﬁI Ipr&&rassrngWXﬂo;ﬁpf Atom (o8 Eﬂergy o:‘ Canadg Limited-
usi ng. _high energy Bi s..that tr| the s et e se

'The atoms of which’ th@ﬁ}glfﬂﬂge’to glelT &M‘%ﬁlgﬁfﬁpé)‘d@m%}aé} 8Bed and their
- nasse

Tabl el Ilsinaqflﬁ tﬁﬁggm 5??%% bﬁﬂ?ﬁa}tﬂ{{e po rgbﬂgﬁimt qsmaert]

~ the thin fi Iela:tmetwandﬂhawratmestlay@etas mmiaimkebd ﬂhelmrmcebusﬂm'ry of
film osition anal ysis. 10 Resu Eur opi um

bopet St r onelesog 1 puriies that are commonly incorpgERtesin ﬁhan@aﬁn@s@hor s

an o+ e B APl dctiefe ) I fertiddived diefecyria ofEtefit s, Poddd
0.1, qpis fltémp@mwe deperidenebeitd dtRer p«;ng:smw mpnasmirqéyema/%sby

1+( 3/ 2)y were characterized by el ectrol um nescence when a
sui t abl e voneag@t%by sputtering whysh wal effecteskwith & 2" USgurral asubsivateg

preferred c X range - fromabout 0.01 to .
about .05 a @éSHaﬁﬁuéﬁ%et%ﬁgﬂdr@i@%out 0.5 to about. 12 ' exhi bi ted
the hi ghest ef fi ci encispgsAVRESPaMINENRIERS, asl BSowR lih PYYUre 1NQFad pisbéd Am
exanpl es give the results of EL characterization of sever al ‘eur opi um doped

20 stro abom@guax Sputtening:wap wagird out atw gas eressyseia28dmntasr tpegrow

T el PSR meesrig 02y FHRSRL oMtk S BLR 0N S BNR U ana

efficiency yaersssaThlipittéRh 28Mosbhé hsists of 5% O, and 95% Ar. The thin

' films were annealed at between 850°C and 950°C for 1 hour in air or left
unannealed, and a layer of ITO (indium tin oxide) of . about 2000A was grown by
RF magnetron sputtering at a substrate temperature of 350°C to form a
20 transparent top electrode. The completed device structure is shown in Figure 1.

The EL brightness was measured with a Minolta LS-100 Luminance Meter and
efficiency was measured by the Sawyer-Tower method. EL emission spectra | _
were measured with a computer controlled spectrometer. - o

25 Film Analysis _

- Since deviation in éomposition and structure generally occurs
between the target and the thin film in sputter deposmon of alkaline earth
gallates X-ray diffraction, X-ray ﬂuorescence analys;s and elastic recoil

- 'backscattering compositional analysis were undertaken. X-ray diffraction and X-

10



for phosphor th|n fI|ITB sputtered froma Sr[err]Euferr]Gaferr](ferr] target

are ;sho ~F-gure-2;-and-the corresponding EL e tra are
shown I\I’Il% gure 3 ~ Much higher EL brightness an??*%?@%&i are
achieved in the phosphor film . wi t hout annealing than in the film

-anneal ed at @yFusresderioer arfalysis wasperformetl abhMeMaster Universityl BlasticHecoil
en ssi on pe centered at 6 S| |1 m
especial |y ttﬁé@&@ tterRo M@?@féer"g%ﬁ{% %‘A&Prﬁ@@nﬁﬁfgwﬁ 5&95“@ Engre¥ dfakes

o its gmgﬁfn%ﬁé”éasmg hl?h energy Bi ions that strike the sa g e to]be arﬁﬂysed

PCT/ CA98/-000 efm ssion - co our- t-ook- deeper I1n r
ranneal ed i [The Xdtoray ofliwhistethie snmpllel ig composed ardqﬂ'@'stoadyleym:téd @aflaheird err]
- .phase in the 950[err]C anneal ed fil It is worth
- notingddt hat MA&SEs apd hencerle srmpie ﬁB@'@%BWa%{@ deferaingd: above

threshol d) for the as- $epes) iad AESPRNAal Haits Tolhdth/eloiudintglacts bia ©

Figure 2) is about tw ce as s nown

- (Zn2Si O4: Mh ipe thTﬂ%)spL&twed$rommésa':\isrgéts<amdarsatblbe! igresiantdry dfilme, see

for exanple, T. Xiao, G Liu, M Adans and A H Kitai, Can. J. Phys., vol.

74, cqimposition aoglysis. A2) Sr[err]Eu[err]Ga[err]Qerr] 10

The EL brightness and efficiency versus applied volt age at 60 Hz o

for phosphor thin filns sputtered froma Sr[err]Eu[err]Gaferr](ferr] target

. are sﬂgwn | Results Figure 4, and the corresponding EL em ssion spectra
are shown in Figure 5. - Simlarly, much higher EL brightness and

efficiency, ApEwebpiums DDﬂHd)SﬂmntpnmﬁaI}ates en ssi on peak are

- achieved in the phosphar film w thout anneali n%gt han in the 15 film -

anneal ed at 850[ er r] C Refd emiiig phesphars havi iTPFPUBHPR Pradethi®agRLy

X S [or ) etpereyy BT Fpardioe of EdRhd i ih e RSO ABLTORT 10 prl

and ef fici engy, yesfom apelti @6 ty@boage2pand istapproximately Giveribip $8{B2)\ hi n -
filns sputtered froma Sr[err]Eu[err] Ga[err] Qerr;ﬁ target are shown in 20

Fi gur 56, aretenehayactasizediy ey eleckatuminescansecvinen ar%l't@h!ﬁ/wltaga:wgar e 7.

orimary b acos? RS Fird HaphblsERiEY sdfpdBliond M LT Rpee
- anneal i ng t Fpdmidbdut®.01 to about .06landy retheatdingle M about C.5 @ aliodtorg i n

air. X-ray diffraction anal %/SI S, however, only detected
Sr[err] Ga| er¢>]l’@lé¢d thephighest efficiancias and bﬂgl@meoleotﬂmqll@wqg:noodlmltmgA4)

Srlerr]Euferr] Ga r r and
ef ficiency é&% gi? &u{ta&é%c%aﬁfnzaﬂon of SJY%?F%H&Z%% dheqﬂ% filmns
‘sputtgged f 'St ganéﬂe@fbﬁﬁé& Gg[swtb%g rdm cap@SiediRgelRitferidls Eroduced
Figure 8, an rrespondi ng EL em ssiron spectrumis shown in Figure 9.
in accordance with the present invention.
A1) Sr2 84EU; 066G 2,05 o
' The EL brightness and efficiency versus applied voltage at 60 Hz
~ for phosphor thin films sputtered from a Sr,g,Eu,05Ga,0, target are shown in
25 Figure 2, and the corresponding EL emission specira are shown in Figure 3.
" "Much higher EL brightness and efficiency are achieved in the phosphor film
'_Wlthout annealing than in the film annealed at 950°C for 1 hour in air. Broader
- primary EL emission peak (centered at 618 nm) for the as deposited fllm

- especially towards the longer wavelength-as shown in Figure 3, also makes its

1" ' -



-

Good EL is onIy achieved in the as deposited phosphor filmin this case.

Xeray o _ W
98/ 333509 WO 98/33359 - PCT/CA98/00043
PCT/ CA98/ 00043 di ffraction anal ysis showed that the film

cryst al | i zedemissioriedialieioockdespe} irs tedithaw thewreealed film. X-rapdifieattoh atly
950[err] C for 1 hour. However corrp05|t|onal anal sis finds the actual

Sr to Ga ratdefeciedtbedriza,On PhRse R the 23039 & ealpd MY possi bl e presence of
h Ga- h ph
_M?g‘org ous cryglt gl i Pzgsﬁ’?s wBrtﬁ%tlhggﬁb{gﬂ{ec er r?@tﬁn@é%&ﬁﬂaéf%ﬁfea{aw €

~The EL “bri grémhmcﬂcﬁ)‘ﬂoctmw-d?osued @hbbpﬁd' fitel (10 LN TobRIMEE2 in -

~for phosphor_thin filns uttered froma Srj err]Eu[err]Ga[err]CIerr] target___'_

are shdwn i nFigure 2} is abCF-ftéWfC@ apstegnes e Rast kesporxidR) EEP

R bhosphor e i FHATICHY: artbis o s/ EPE B the i R

X-ray diffr a%tr eRamptea Ty Xigo,d8! eick, #Al mdamshndeﬁ\ Bl KR, rJl ehes!, hoh I,

Ga[err]derr] ' hases in the phosphor fil manneal ed at 950[err]C
AB) Sr[err]E!@l[‘BZr(]lﬁﬁ@)err]Qerr] " The EL brightness.
~and effici eg‘&%hg agg ed voltage at. 60 Hz 15 - for phosphor thin
filnms sputt 1908°5r'F rr]Eu[err]Ga[err]qerr] target -are shown in

Figurggl2, and the corTiRs ERsHgHInEds aﬁa%m&éh%ﬁg&oaaabﬁe&bem@gé BtEOMY €

13. H gher EL brightness and effici as well as a broader
primary eni sfor phosy'atba' thin films sputtered dromh @8y o b, (58,00 dangebard showmiin hout

AT ray B, Ao e EPeREelite Bl emissian snesticar tan 1 ERMERS: ' o
the 850[err ]§nﬁférr‘§ah?.€hfﬂ¢l%r EL bn\%htrhesé@noeéﬁﬁ%fern]c?”é@wI%%[§E>Fc1é3é?rpfrﬂmary

The filnms sputter argets conposition

Sr [ er r] Eu[ ererhiSscer péay arer axchleved in thequiosphed filmwithout anpedlingthan iRGHgerr] C
for 1 hour in air pbi t.ed a maxi mum

efficlency dfl W@Wﬁ%ﬁ?‘ﬂi 8&(8 3 %PH&B aygn)(zgﬁmdgfg'agtl%agam anjygetacded: hat
the film cry§‘IGeé b47pﬁ'%sbrlﬁ‘?hec%§@5€rér]nga?éd}lln'i).ha_se when anneal ed at 850[err]C

for 1 hour.:
A3) SreesEUy 1,562,055
“The EL brightness and efficiency versus apphed voltage at 60 Hz
for phosphor thin films sputtered from a SrggsEu, 14Ga,045 target are shown in
20 - Figure 6, and the corresponding EL emission spectra are shown in Figure 7.
~ Again, much higher EL brightness and efficiency, as well as a broader primary
emission peak are achieved in the phosphor film without ahnealing than in the
film annealed at 950°C for 1 hour in air. X-ray diffraction analysis, however, only
detected SraGa‘,O9 phase in the films annealed at 950°C. o
25 A4) Sty pEU,,G2,0;
| The EL bnghtness and eﬁ” iciency versus apphed voltage at 60 Hz
for phosphor thin films sputtered from a St 0sEUg ,Ga 4Oy target are shown in
Figu;’e 8, and the corresponding EL emission spectrum is shown in Figure S.
Good EL is only achieved in the as deposited phosphor film in this case. X-ray

12



13 WO 98/ 33359

PCT/ CA98 0l B) Europi um Doped Bari um Gal | at esp SRR TTTRIE

359 : : T/CA98/00043 =~
Phosphors having the formulation Ba[err]Eu[err]Gaferr]Jerr ,, ere x isin
t he range from about 0.001 to about 0.1, y is fromabout 0.5 to

" about . 4, anddiffraetion analysis siwvaskihadtiee film cr(3allizgd inte SFGehe), sbustureavhary
the films.  FAMRBBIREASEU e . HowdVer BppihotliarBh podiRis iias 5 45LACNge
from.about 'OSQJtoSS‘at a0 b&B.15initRe T, 538@Esting the possfﬂ!@&% &5 1o

~about 2 exhibite he hi ghest efficiencieS and brightness - The- -

fold.owi ng nommorphous@aeremphasesinthefilm which may oéquite bigheatempermtuioio of - - - -
several_ europi umlggged barium gallates formed by sputtering fromcaptioned

10 StargeC@¥ZPal s produced in accordance with the present invention.
Bl) -Bal er r] EWsrdy] Gaher rrj The EL brightness
and efficiency \/ge'-}"%aus"'%?p@pﬂ‘gﬁ vol tage at 60 Hz for phosphor thin
filnms sputtered from aTheBl btighfress] <] efficietcgvelsusappiiedveitadowansd kz _
Figure 14, and the correspondi ng EL em ssign sgect rumis shown i n Figure :
15. 15 Exrerhasphoethindilmg spHttacad E0wa ShoshdonSanthe tAroetiaghsRPNAAN{ i | m
in this caseg; X r ' o I - ; _
BaG[err] g ef t‘éﬁrﬁ\ h1aos eanldnth? r@@%oﬁé&@%%%{égﬁ%bx%bgcﬂ%ﬁsm '?‘]d%.gure- 1.
B2) - Baper r | Edry hiderdrate Eicachieved when the-dahﬁzspggr film is dfSedibd it ioBoP Cerep

and efficiency versus applied voltage at 6 - for éhos hor thin

films sputt eﬂdwufrlﬁmlra)&ﬂ)'(ﬁlﬁqagﬂpéraqad}éﬁ‘%dﬁ]@%ﬁl p|mixkurgef G@Z&@m Ga0,

Figure 16, and_the.cporrespondi |.SSi ctrumis shown in Figure,

17. ' PEj5as ﬁ&es&}‘gﬁﬂm‘g’tggnghn%%‘ié%@ﬁg ted phosphor film X-ray

di ffraction IS $u. .. Ga,0, Only detected the BaGa[err](Jerr] phase in
%{629‘6 4al'l“'g)GSO[“ergr]

the films anneal el at C. - B3) Ba[err]Eu[err]G[err]err]
25 L THecEL blightresstaret efficiencynvessuseappligd Yoltagepaistd Han

Ba[err] Eu[err err err, chi eyed, _after annealjn t 850[err]C
fo£ 11 ou£ iFflra(é?a}';o,sq‘]@%mn(f'lfés_éa""ﬁf@q'??mﬁgrz.sﬁuo.os&aat@«ﬁ@?ft%’% %‘%f m']
efficiency. ok dofrssHl {n%cgi ; ' ; t hat
the thin fil h%argz‘aémr)grnmgﬁs af tS glr)ﬁén eall' %w&éga?h§§gﬁé? raf %s hownﬁHqﬁlﬁélteeﬁjs.

14 Higher EL brightness and efficiency, as well as a broader primary emission peak

are achieved in the phosphor film without annealing than in the film annealed at
| 850°C for 1 hour in air. X-ray diffraction analysis detected . Sr,Ga,0, phase in
20 the 850°C annealed film. - S
A7) Sry5sEUy G20, | |
* The films sputtered from targets with composition SroeEuyGa,0, |

- achieved, aftef annealing at 850°C for 1 hour in air, 20 fL. (68 cd/m?) and
_ exhibited @ maximum efficiency of 0.03 Im/W. X-ray diffraction analysis |

25 suggested that the film crystallized into SrGa,0, phase when annealed at 850°C

for 1 hour.

)
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WD 98/ 33359 PCT/ CA98/ 00043
C) Europi Cal ci umGal |l ates - - [1323 having -
theformﬁJ ron Ca[err]Eu[err]Ga[err]qerr] vvherex is in fﬁ%ﬂﬁé

range from about 0.001 to about 0.1, y is from about 0.5 to about 4, and z
i's BpﬁummmhaqpemBahumGal(ateQ)y were characterized by red
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CB)Cagerr]E err] err]derr] e filnms sputtered

from $2r get Weﬂlﬁnt: hﬁ%?gﬁlrbﬂc"@l’@ i e as ﬁ?l@%ﬁ'@@l}"@ﬁﬂhp]' film in this case. X-
hi d, f
i nforr] ) dnd cirecteh oAlnts Onlyciboiiod. ditHasdinihe firge shhepled ot , o,

diffracti on gggelQysi s confir med : that the thin filmcrystallized
I nto CaGa[ err;%errk when anneal ed above 850[err]C for 1 WO
98/ 33359 B2) Bag g, Uoos a,0, PCT/ CA98/ 00043

The EL brightness and efficiency versus applied voltage at 60 Hz

20 for phosphor thin films sputtered from a Ba, g,Eup, 08Gaz,o7 target are shown in
Figure 16, and the corresponding EL emission spectrum is shown in Figure 17.
Good EL is achieved in the as deposited phosphor film. X-ray.diffraction an_alysss

~only detected the BaGa204 phase in the films annealed at 950°C.
- B3) BaygEu,1Ga,0, .

25 The films sputtered from targets with compasition Bag gsEug4Ga,0,
achieved, after annealing at 850°C for 1 heur in air, 14 fl. (48 cd/m2) and |
exhibited a maXim_Um efficiency 6f 0.02 Im/W. X-ray‘ diffraction analysis
suggested that the thin film was amorphous after annealing at 850°C.
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h h
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y is from ray diffractishanalysis only deteutedlea (al) phasp|m the Bﬁﬂ‘lﬂ gnfealed
+(3/2)y, in the case of barium gal a formul ation
Ba[err]Eu[err'IFGa[err]CIerr] where x is in the range from about 0.001 to
about 0.1, r ab 0 51to about 4, and z is apprOX| mat el y 1

VIO 98$83359 " The films sputtered from targets wrth comp&sitieA T Q Ga Os
the case of the calciumgallate, a forrrul atron CaJerr]| Eu err] err Qerr]

where x is iachiaeed, after annealing a4 §0P7G ferabbour i am,134 gb&edin“lang is from

oo 0 5t s R e B TNCK B Sl A

~Srferr] EU[ er B Efilm Wes'drhorphous after annealrng at 600°C, and that it started to
crystallize into Ca;Ga,0; (1) phase when-annealed above 750°C for 1 hour.

25 C3)Ca, Eu,0Ga,0, ‘

- The frlms sputtered from targets with composition CaD 0sEUp 01G2,0,

achieved, after annealing at 950°C for 1 hour in air, 22 fl. (75 cd/m?) and
exhibited a maximum efficiency of 0.2 Im/W. X-ray dif‘fraction analysis confirmed

* that the thin film crystallized into CaGa,0, when annealed above 850°C for 1
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maxi mum . efficiency of 0.095 |miw. The filns obtained fromtargets .

wi th conposgiallatsphasphors.cHie methed epmpraes ihe slepsf PARYIFIRGRPPIRRNIBE osi t ed,

The Tl m GoTSa precer et bhriéfing europiym baliEhPBiite EndboB S
%Efr .r ]nE;I[ ;%'Er'bhﬁﬂ{ne 'b"ah%?éﬁ& cakilim epd blehding the prsdurser miatellé egdtfef 1
form a umform mrxture followed by firing the mlxture at a suitable temperature for
25 ' a,surtable time to form phosphor powders having a formulation, in the case of
strontium gallate, Sry xEu',(Ga 0., where X is in the range 0.001 to 0.1, y ts from
about 0.5toabout 12, and z is approxrmately 1+(3/2)y, in the case of barium
| gallate a formulatlon Ba;,Eu,Ga,0,, where x is in the range from about 0.001 to

about 0.1, y is from about 0.5 to about 4, and z is approximately 1+(3/2)y, and
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PCT/ cA98/ 0004with a maximum gfficiengy 9f @O2ilpvw) The fime pbtajised frogntargets with n- on
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el ectrol um nescent_ phosphors di sclosed herein has_been descri bed usi ng. 5
sputtering asaif a@hﬁvem%fbﬂﬁml ) wish fonaxisuna efficienetiel @ A8KHMw. Theditms

“hel ude el ect PRSI tBrdet S WG BE R SleE biRars BrnieBREARR “Vapor
deposition, VaEHINGVABB0R0 7.1 hour in air, 2000968l c¥mPaRid RAY Evexinfgth gel

deposi tion and plasnma _enhanced:vacuum - evaporation to nmention a
few. 120addi tefiiniencief 03 imfvs diner films: ebtaines foorndargetsiwith compositienn nay

al 50 bg Fabri §|%;¢§':dub§fG§4Qﬂs crllw?erveod? ma%eéépo%ﬂ%dyiﬁ ?L i(f"j 88% ranléLI'tau:l a maximum
' efficiency of 0.037 Im/w. The films obtained from targets with composiﬁon
SrpeeEUg 5,524,049 achiéved, after annealing at 950°C for 1 hour in air, 7.41L (25
cd/m?) and had a maximum efficiency of 0.013 Im/w. The films obtained from
25 targets with composition Basg,EUy 0sGa,0; achieved, as deposited, 14 fL (48
© . cd/m?) at 60 Hz and had a maximum efficiency of 0.033 Im/w. The films obtained
- from targets with composition Ba, sEu; 0sGa,0g achieved, as deposited, sBfL
(1 08 cd/m?) and had a maximum éfﬁciency of 0.09 Im/w. The films obtained from

- targets with composition Bag goEu, 0, Ga,0, achieved, after annealing at 850°C for
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applicati ons. Three key observations nmade during
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ook o) aal el ARG emqezqcar dzdm{\@rhqémep@rmimahd _—
1) ol Sk it gl ZH ) iy e gt o

‘that bright alne £ o Thoes s sput ter ed,

non- cfgy st al kbzetolir ir@irve@ie(177 cd/m?) and hraeré ARG eﬁ?deﬁb;@ Bf Dioz2nirhi.
reduced upon high tenperature anneal i ng above 850[err] C

Known phases of st rontStudieg&fithe @@tic%ld?f@paﬁieg’aﬂfltb@ tindirasied aliatine earth
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PeT/ Caos) oSS tiEdBsed perain show that Beitaseposied fins ardAopapled s ¢ of

exanmpl e V. Pwéf@%%@fﬂlallytﬂ&hsparent to vnslfﬂélﬁght |wl%h @Qﬁb@eséa .copditRyPforNd
A. V. Shevchenko, Russ. J. Inorg. Che 1, p.903 (1976); L M

Kovba, L.N. gopndmt@ndssmmronaanrﬁm:ahospm J. Inorg . Chem ,

| 39 980 d . . :
Noel Thnom . uoi 0500 Tabie s e Shin TR Attalfdfdratileift wiishs "ot %t ne
-powder cry stal‘h%éﬁk% of MeFiIRRSPAS StUdidtE SRH MROSERPLIBA S BRGa,0,. Tgese 1)

Wil e sputtering has been disclosed herein as a best . node for? pro uci ng the
phosphor fi tempetaiuress hoewer, weremot ghosen td oppmtm:Ehtbelghtmssohnd ng
sputtering the. ._conposi t.ion_of the sp df| may, devi ate from
the compos e?feﬁseracry QRiEGeaiS! f Regeerara i Wik ieRend S the B
target, as rLrom the chem cal analysis : studies in Table -
[1.. Sone rraterlaﬁs show greater deviation than others, for exampl e
t he @@position of the(:qﬂdnmphn@sﬁ.udiea éhmvamitrtatﬂs@mmeikai@efemth galate

- ,Cﬁ[ g;r % E;Ler 8 sG%rea [s,tr.l!:stagtrlél]ly én%r g'lcally insu Wﬁatmg %%R an\ll)cgliaagseI ggiow t%%nthrevs%rolldat on
' value required for EL emission is applied across the film. This is a necessary
cohdition for good performance of an EL phosphor. More specifically, there is a
very small electrical conductlwty associated wnth the phosphor thin film and it
25 has been observed that those films having the lowest conductlvzty (and therefore
being the best |nsulators) generally provide the brightest EL emission and have
the sharpest turn-on characteristics. The turn-on sharpness is defined by the
slope of the curve on the plot of brightness vs. voltage for a glven thin film
phosphor. It is well known to those skilled'in the art of EL phosphors that it is
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‘exanple the filmsputtered fromthe Ca[err]Eu[err]Ga[err](Jerr] target.
These r 5 - - suggest - t-hat -t-he-alkali-ne-earth nmetglacomn s tend to
be Iovve&fctjyﬁﬁe/éryi ng degrees in the Sr and Ca C?ggﬁ?ﬂgfﬁg out the
sane (in the Ba case) in the thin + films as conpared to the
targets.. Thgenetaligldedirable tovachieve as shaopradarmponroiharacteristic as possipiiord.
This occurs due to a difference i §ticki ngq,coeffici.en S between the

di fferent eﬁ@@npgomqg%ﬁlﬂﬁ%%@r gt perekdisRiay gRPICAEORS Ut teri ng yi el ds

bet ween 20 . t he _ [ i ' § | f chem cal
- elenments-i-n the " ?é \ﬁi’ﬁgd% ?gé%&nég}égg@ét?ﬁ%%e?ﬁgfa;b ERNQRbRincfiod

_ ‘hi-n-film-that are not -
i nitial 'y perge@iurnindsbenspiwtspiiorsdisclosed herefrahgebeemituesdebedisorg in- - -
stoi chionetry between the target. nmaterial angd the _ .S tered film

s andtnor SUBANG aaithe fism Préasralion ane RorANE: Minogs kppwmipyhost Skines' ™
dependent upop a L £ | ' g0 . '
[11) Anot he?h s%'?v %{ %%%\%%pc?ﬂb\%?ﬁ %@?ﬁbﬁéy:{%ﬁdg\ lﬁg%ﬁ e‘%ﬁ‘éﬁ@?&% tﬁq ering
anal ysi s. of depesisiBH! zeeabfdtions chemidzvapbedeposition gvardivemevaporationpsi tion -
t hrough - - the strontiumgallate filns: the first-to-grow | ayers have
a hi gher gamaieeulabbeam epitaxys splgrlidaposiioncantatasiaenbancaoy | ayers

have a | ¢ L - ont i i o This | . |
Caused by aeyravieingp ToEMIE TR inacqitipn SRSy phBsfnormalifiii tischbsed
20 . gﬁ\%in.%é@af’s%e fabricated as phosphor powders and used in powder EL

PCT/ CA98/ 00043 growt h proceeds (evidenced by galliumrich thin

filnms) whiclapphcatinnses t he stronti'umconcentration at the target
surface during filmgrowth., Thi,s ar &b\% g . h &8ﬂ %mr{g‘ttjh%rh&bso
strongly supports the rgﬁ,k@p{(ﬁbsgﬁ% g %45 ngng@ SHA; % In
films exhi big i fignarHdr#hateRald fdfdate ﬂ*iféit%rﬁé’ artfeular distinct material 't

will al so be understood by those skilled in the art that the ] '
al | owabl e r gogewsitiorconcrystal atructurefis egpareciisite fionebtainingriElhbehawophoshpor

materi al s di scl osed herejn wll depend. on the sqglwbility lint. of the
doparts | n ¢ Herhe Tact thet £l SaussionoHtin BNyt danPyed srlins akdiie e
behavior i s e%%‘t?.' @élfa"?@s ;é‘oﬁé Etrong indicatiGtt MR ELSEfsforflisSotagRiallprein in the
range of dopan oncentration 1 corresponding to the solubility range
of the doparfepehdent tipen Aqeaecise arrangement of the atoms andhere istmat fiotteditot i cs

of the phosphors may vary within the | . upi Li ty range ,of e
dopant ( g) i p@W@iﬂifbéWSF%lytsitﬁl@@reEPé@tsPSﬁ!ﬁE r?H?Q? gﬁ%)%hé' r, of Ba. 'n@éﬂ%&h.
dopant ions I rol.-e.i ' ] 0 f i f
Gopant | ong thafedtii B PuiSsioh diehf 1 furftin SltBnbilfl i CaltRif GRlERWHICR|
as 1bg  cGiré ¢t sAheaRdgfterdepusitioreiibérebyi avoitiing eagstalljizationjaise stroagly -

efficiency for ' dopi ng concentrations beyond a certain point within
t he sol ubi | iingicaies that ELipraiggton is not critically dependent upon a precise .
- arrangement of the atoms and hence is not limited to a specific crystal structure.
This is illustrated by results from targets of nominal composition Sr,Ga,0,,
8r,Ga,0ys, Sr:Ga,06, SrsGa,0;, SrGa,0,,-Ba,Ga,0,, Ba,Ga,0, Ca,G2,0; and -

25 - Ca,Ga,0, (all doped with 2% Eu). Noteworthy is the observation that bright and
efficient EL is obtained from these as sputtered, non-crystallized films whbse. EL
performance was significantly reduced upon high temperature annealing above
850°C. . | o o

S Known phases of strontium gallates, calcium gallates and barium
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there will be preferred dopant concentrations which give optimum EL

"propertlﬁé It is to be understoo (ﬁ{

“norrencl at ure or not ation used herein to identify € new phosphor
materials is not to be interpreted as limting. 20 For exanple, it is
not necessar galiates are pessented int e literatuess see fdopxampleBi)P. Kobzareva, L.M.

in the hos 0 be

bstit.ut f S B
ngfelcr ;t :3 Ko‘r’tﬁ?jsm Lopato, L. NskY’FqV&jan‘iAt‘zeéla?\fcwngk%sal iﬁﬁ%lc@%nges
et a5 S BPGEPRTEY, LM ba, LN, Lykdlalad FL IARIREIRESEY Inqrp, |
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Si ger?], SitNel mhesy r}"éﬁéq g'}’ﬁgéé% Téfhefs%'ea%&rp%g?W}“O@r&.ibfaowder
PbT :
Ta[ laﬂ f&!arr%p#&a%eélrb%s%&& hﬁ% H)&L%FP rr?N[err] Si ALON. These may be

- used ‘as. subsliyathiie sputtehieg has been dmcmedtherems acbesbmod!ep‘os ptodugimgtte

gl ass, silicon or quartz substraé mention just a few.
21 plavsnsios ime those skilled in fhe art will apprecrate that during sputtering the

A1 50 o used OHRPSIHoR gk e sputtered fim mal oigte M e CihaR ol B fis ot ™

obt ai ngd usi mate@raTr&hﬂhg khé bpaiterfrmgb target?'a%CdtiseWed from the chePhiBar andly &l
films on ceram c substrates may al so be used. The ceramic substrate

‘may be al uni $tadiesl l['lérraqlﬁieSﬂme mateenfds §§ﬁw greaterideviationrtban igthersf farm

| f. Thick
bhar Qo] C@@ﬁ?@pgwfoﬁm%rm? TebF fli vl by oblg kmybeys oo,
Variations ofal heyE selaa@s fRyet Q%we&aqauéh arr:rratsrgmfaadtlvahanbﬁwdaythan or

apparent to thode skilfed in the art. An al um na substrate may be used onto
whi ch the | oeneamplertbed"nlm\s@u&eeeﬁ frooethesCalapioyj 4,84, P plargeke Thegerbsults gh

di el 10 { h h h t

Urancir ent “Sragest B 18 Blkaliio Sadh welel Rt i fie il e G e
tact

ontact my ARre8gRTHe: ST Baebck diout e same (h B B casiine i

| ayer is depfilmistasicéomparadit the targzetau'ﬂm actuad deviatien eees frode compound to
[ ' ' derstood.that th ng 15

nvent | on erRRRRYEES TR 9eE S At AllseacR Tk aIHD saF lﬁﬁ?@% Es&v@% Bphor s
BTN Sy Mo ARG splinhit Rt NS SR DR
"m cr 020r uct uthesslémentsaofthpHarget! and incarporation.of chemical eiements in the
sputtering gas into the thin film that are not initially present in the sputtering
target. The deviation in stoichiometry between the target material and the
sputtered film is another strong indicator that EL emission is not critically |
dependent upon a specific or unique ratio of Ga to Ca, Sr or Ba.
- 25 ) Another observation which was made by- elastic recoil backscattering -
| analysis of the sputtered films is that there is a gradient in cbmpos'ition through
- the strontium gallate films: the first-fo—grow layers have a higher gallium to
strortwtium ratio, and the last-to-grow layers have a lower gallium to strontium

ratio. This is thought to be caused by depletion of gallium in the target as the film
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PCT/CA9 QAssso o TABLE . 1: PHOSPHOR ON AND
ANALYSI gﬁg Nom nal Powder Powder Phase(s) ?ﬁl n Th| n
Film Sr/Ga (Cal Ga) onposi ti on Synt hesi s | dentified Anneal i ng

Phase(s).. growth pRweeds (evidenced by gallium-rich thin films) which increases the
SO Ter ] cal eratioebi sorsiehinh e Hrde? Biliere ARG A dSER e aragient n
""ér fert ]Sgg[e; @ﬁrréiu% Q sg ﬁtrongfr%rgg 6*2%‘ ’Fhe vigw t[hea;c ;E]L behavior may be obtained
' Sr [ err] Ga[ enm]ﬂ(msexhlbltmg variations. mt‘storchlometry - -
-8 - lwillalso be understood by those skilled in the art that the _
|  allowable ranges of concentration of dopants in the different new phoshpor
materials disclosed herein will depend on the solubility limit of the dopant in the
oxides.The inventors r-eason'ably contemplate that EL behavior is exhibited in all
new phosphors disclosed herein in the range of dopant concentration
10 corresponding to the solubility range of the dopant(s) in the host. |
The EL characteristics of the phosphors may vary wuthln the
solublhty range of the dopant(s) in the host lattice. Electronic interactions
between dopant_ jons can play.a role in determining the prefered concentration of
-dopant.iéns for maximum brightness and efficiency. This phenomenon, known as
15 - concentration quenchihg, results in decreasing brightness and efficiency for
“doping concentrations bey'ohd a certain point within the solubility limit such that
there will be preferred dopant concentrations which give optimum EL properties.
| It is to be understood that the nomenclature or notation used
herein to identify the new phosphor materials is not to be interpreted as limiting.
20 For example, it is not necessarily the case that the raré earth dopant (Eu)
| substitutes for Ca, Sr or Ba in the host lattice. It will also be appreciated by those
_skilled in the art that the allowable rangés of concentration of'dopants in the |
different new phosphor materials disclosed herein -wﬂl depend in part oh the
 solubility limit of the dopant in the oxides. - - |
25 ' Various thin film dielectrics used in electroluminescent'applications
include SiO,, SiON, Al,O,, BaTiO,, BaTa,0g, STiO; PleOs, PbNb20ﬁ Sm,0,,
Ta205 TIOZ, Y203, SisN,, SIAION. These may be used as substrates in the
present invention by depositing onto glass, silicon or quartz substrates, to

mention just a few.
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Sr[err]Ga[err](Jerr] 1100C/ 20h Sr[err]Ga[err]qerr]+Sr[err]Ga[err]qerr]

950 . 1.5  Srea
g e S Gl g s
Sr{err]Gaferr](err] 0.75  0.55 SrGa[err]Jerr]

1100C/ 26h Sr Ga[ err] g eiThjck films on ceramlc substrates may alsedos gsadh While many of

frlgg% :; ; } g gﬁw rsalip disglegest !p?reln were oblined usmgsﬁaGi1 bsgé%ggfﬁlﬁ! dielecrics,

SrGaferr] g egﬂ.]eérﬂggt( f“mf ape?er? %&F ath %nrﬁy also%fecﬁ’ié?f "l']hg@éré]mc substrate -

1100[err]C/ 4 err r ‘950 er rjCr1

Sr Gal er r ] O emey@apimmihel(Ak,0) Oﬂthw&me cemhierad (Bef taiok] fibneitsgl. ThickL00C 7.5

Ca[err]Gaferr

Cat or 1 Boaf or AlRBEHETiims of BaTION STEP: Pre%r%%% & fubtiondyst 2 foy ey
1100[err] G/ 12 EgééGa[err]qerr] -950[err] C 1h
CaGa[err]Qerl;ﬁoct?% (0.75) CaGa[err]CIerr] : 1100C 2h
CaGalerr] q er r] (1,11) Variations of the EL Iammat@i@@‘(céfconﬁguramﬁahmmé feamity] (1)
(0.5) . (0 Ca&[ er rA % 1100C/ 12h CaGa[err]Jerr]

8500/ 1h agamm }qu?r ed i the art. An alumnepsybstrate Bbﬁ[YeW }@F @NC} gerr]
1100C/ 20h Baw&l fraliglvet %ﬁ&u&t%ﬂé}%ﬁ&@?%&%s drf]D”O\?%ﬁ [bS/rtfﬂa?{:&t#‘ dielectric

BaGa[err]J e ["&rY

1100[ qor | ¢ 2@bndtahefriztérid] ethiel sAcsphbr and then the outer trans@éﬁ&rft@éét‘éddb
~BaG[err]Jerr] <1.5> BaQGg| erra%err 1250[err]C/12h _

BaG[err] g ethrnatlvely, a conductwe ebmiasier gantaet maybesiapesited onto the back of
;g 5> _<0 53 thick, rigid dielectric substrate material onto the front of which the phosphor

layer is deposﬁed followed by the outer conductive electrode.
In view of the foregoing, it will be understood that the present |
16 invention encompasses those europium doped alkaline earth gallate phosphbrs
exhibiting EL_behavior defined by the ranges disclosed herein and that this EL
behavior has been observed for a range of __compc')sitions and film |

microstructures from amorphous to crystalline.



VO 98/ 33359

- PCT/ GA9SHE Q433359 TABLE | I': - SUMVARY: “OF "l LM-€ MOH\IALYSI S -
Target Conposition Met hod OF Anal ysis Th| n Fil

Conposi tion Sr[err Thlerr] Ga err gﬁer Elastic Recoil

Srlerr](Th)[err] Ga| Aél@ ar PH#%AR}G@P&ANQAMLEI& i ¢ Recoi
Sr[err](Th)[err]Ga[err]err] Sr[err]Tb[err] Gferr]derr] X-ray -

fl uorescence Sr[err](Tb)[err]Ga[err]CIerr]
Sr[err]Tb[err]Ga[err]Jerr] Elastic Recoil

Srlerr] (T ————————— S i ) B - ¥ B v ST T oo er o er ] st e Recop |-
Ca[ er r] ( BliNbma] Gl Powdec] erpbwder@a{a@(sn] Eummt}rea[ emh]Fﬁaherr] E&/@s(c:awsaﬂecu

Caler 1] (B [ﬂgpsﬂ]o bS] o 1] orill” ] EUGbhid3) BhicbE or ) El85dg- Recof |

Ba[ err] ( —t
a Nominal} Thin Film }§

r,Ga.O, 1100°C/20h Sr,Ga,0,+8rGa,0, 850°CI1h SrGa0, - |2

"r,Gagoﬁ -1 100°'C/46h_' -Sr.Gazo,+Sr3GaZO's-. 850°C/1h | 8r.Ga,0O4

Sr,Ga,0, | 1100°C/20h | Sr,Ga,0,+Sr,Ga,0, - |950°CHh | 5rGa,0,
r,6a,0, |1100°C/26h |Sr.Ga,0, - {850°CHh |Sr,Ga,0,

S1Ga,0, | 1100°C/26h | S1Ga,0,  {950°C/1h |S1Ga,0,

rGa,0, 1100°C/20h | SrGa,0, 850°C/1h | 81Ga,0,

rGa,0; | 1100°C/46h | SrGa,,0,+Ga,0,  |950°C/1h | SrGa,0,+Ga,0; | 0.

a,62,0. | 1100°C/7.5h| Ca.Ga.0; : 1750°C/th | Ca.Ga,0.

a,Ga,0.__11100°C/12h | Ca,Ga,0, 950°C/1h | CaGa,0,(1)

aGa,0, _ |1100°C/2h |CaGa,0,(M) _  1850°C/th |CaGa,0,M

aGa,0, |1100°C/12h |CaGa,0, 850°C/ih | CaGa,0,

|Ba,Ga,0, |1100°C/20h |Ba,Ga,0,+Ba,Ga,0, |950°C/h |BaGa,0,

82,Ga,0, | 1100°C/20h | Ba,Ga,0, 1950°C/1h |BaGa,0,

‘[BaGa.0, 1250°C/12h | BaGa,0, 850°C/1h | Amorphous
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24 WO 98/ 33359 '
PCT/ CA9 THEREFORE WHAT IS CLAI MED | S: 1. A CORRRLS ing a

f or mul a%gBFerr]sGa[err]CIerr] n%eEu, wherein n%is the nole perce’r??tﬁgf Eu
present in Srlerr]Glerr]gerr] and spans the range in which Eu is soluble
in Sr[err] Ga[ err] TABLE I}: SUMMARYHAFJIEMGOMROSHTION ANALYSES m 1 wherei n
sai d conpound is sputtered froma source having a conposition given by
Sr[err]Ga[err]Jerr]: 2%cu. 3. A compound having a formul a
Srlerr]Gf[err](err]:n%u, wherein n%is the nole percent of Eu present in
Srferr]GlerrId err] and span the-range in which Eu is soluble in

E;LS;LL‘%béL%ééﬁtmm « [Nt ] Pt |
) Sr[err]( er ¥ erar : 2%cu. °Elastrﬁ F@Q&ppund havi ngl &€ _
et T s T e
caonpound Sr§92§bw86a5@gi fr om X-ray fluorescence _ Sroa(T)00sGa,045 -

 |SreThosGa0; | Elastic Recoil | Sroe(Tb),Ga,0;
Cay0,EU5,06G2,06 . | Elastic Recaoil - Ca, o(Eu),Ga,04
| CageeEg01Ga;04 Elastic Recoil | Capge(Eu),Ga,0,
BapgsElp01Ga,0;4 Elastic Recoil | Ba,(Eu),Ga,0,

24



_'_____a_source _haV| ng a conposition given by Sr[err]Ga[err]Jerr]: 2%cu. 7. A

_ 8gs9a formula SrGa[err](Jerr]:n%u, wherein n¥ciricdoBfoedds! e
per cent of Eu present in SrGferr]Jerr] and spans the range in which Eu is

soluble in SrGaler hwer r'](Sipq The conpound according to claim?7

wher ei n JHERED hﬁﬁl H‘ﬁ\"g@'ﬁrom a source having a conposition given .-
by SrGferr]Jerr] . 2%u. 25
- WD 98/ 33359 PCT/ CA98/ 00043 9.

A conmpound haw d?émpoit@di el imgSe f&rhma]s@;@agd B, whizesiin%n§thesnidie nol e
‘percent of "Eu present in Sr GaEﬂao gerr] and spans the range in which Eu is
s am '

“sol bl e mrrarmf&w@énﬂnse ﬁemﬁbamanaeubwbmﬁngs golubla |
--wher ei-n- g?(ic'l mpound i s sputtered froma source having a corrp05|t|on gi ven
by SrGa[ &ty %;9 & r]: 2%u. 11. A conpound having a fornul a
Sr[err]Ga[err]err]:n%u, wherein n%is the nole percent of Eu present in
Sr[err]Ga[err]err] and spans the range in which Eu is soluble in -
Srlerr] G err }TMPOUHQECCONH‘@ toosipinn i dwherein saidcanapesnd is spLittened fiom

said co ound | uttered froma so conposition given by
Sr[err] 3 .3 GRANPOSItpR g“’%@é‘%@%ﬁaéﬁg %r'rb a fornmula .
Ba[err]Ga[err]CIerr] n%eu, wherein n%is the nole percent of Eu present in

Ba[err]Ga[err]Qerr}, and spans the range in which Eu is soluble in
Ba[err] G8 err }Oq:wnpq:und having a formula Sr4Ga20-, n%Eu, wherein n% is the mole

percent of Eu present in Sr,;GaZO7 and spans the range in which Eu is soluble in
Sr4Ga207

4. ‘The cempound according to claim 3 wherein said compound is sputtered from
a source having a composition given by Sr,Ga,0,:2%Eu.

5. A comp_dund having a formula Sr,Ga,045:n%Eu, wherein n% is the mole
percent of Eu present in Sr;Ga,0,, and spans the range in which Eu is soluble in
Sr7Ga4O13. ' | '

6. The compound according to claim 5 wherein said compound is sputtered from
" asource havmg a composition given by Sr,Ga,044: 2%Eu

7. A ccmpound having a formula SrGa,,O,'n%Eu wherein n% is the nﬁole
percent of Eu present in SrGa‘,O7 and spans the range in wh:ch Euis soluble in
SrGa,0;. '

8. The compound according to claim 7 wherein said compound is'spUttered from
a source having a composition given by SrGa,0,:2%Eu.

25
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14. The conpound according to claim 13 wherein said conpound is sputtered
froma ving a conposition given by Ba[err] Ga[-e err YE:
%%%?havr ng a formula Ba[err]Ga[err](Jerr]: n‘%étf%‘a@?g}”g&ﬁ n%rs
the rmle percent of Eu present in Ba[err]Ga[err]derr], and spans the range
i N whi chgEu i A contpdure havrrBabe‘orﬂtMSrGa},QDeg'm%Eu whereinFi% istheomolel
according to claim15 V\r:g %6 d conmpound, i s s&uttere from ource
havi ng aPeEepbei EHARCERRIdR &' &@Pﬂj(ﬂa@ﬁr theyangg Inpwieh Eu igysolupleiBnpound
havr ng a a Ca[err]Ga[err]qerr] n%Eu, wher€in n%is the nole
| §t§é§‘>’”3%359

' PCT/ CA98/ 00043 - percent of ‘Eu present-in- Ca[ err] G&[err] Qerr] andspans

therangern which Eu is solggler y;qerr ]Gaferr] qgerr 18. The
conpound %ccoTB@ﬁ@ntR?L@ﬂeﬁcﬁp ngAe caim & er%ﬁgt;tm@mp
source h =] derr]: 2%eu. 19. A
et hod oél\égpgb uci-ng %l%&#%'génﬁ( escerfgl;@' %Q’?#'Zﬁrdg provi di ng an
- el ectrol um nescent phosphor sel ected fromthe group consi.sting. of :
_Sr[err]Ga{err)}\Qerr n%keu, Sr[err]Galerr]Jerr]:n%u
Sr [ er r ] Ghl-er r AQosIRqUNSERVInGAdaTBkIE) 3:68:Ps A ,,wherem‘tfoelsrtqtqmle] nY%&u,

mal or | R EPPY B 60 Prefitin SRS SI0AAT BianshEl BheB IFnien £t s sobble i e 1 «

t he nol eg gﬁp@gt of Europium present in said el ectrol um nescent
phosphor, nd Spans the range in which Eu is soluble in said
electroluntnescent phosphor; and : appl ying a vol tage across sard

el ectrol Jtlﬁn NeFHE Lor p%?uswgha%rcordmg to clarm 11 wherem said compound is sputtered

from a source havrng a composrtron given by SrsGa‘,O9 2%Eu.

13. A compound having a formula Ba;Ga,04:n%Eu, ‘wherein n% is the mole
percent of Eu present in BasGaZOG, and spans the range in which Eu is soluble in
BasGazO6 '

14.  The compound according to claim 13 wherein said compound is sputtered
from a source having a composition given by Ba,Ga,04.2%Eu:

15. A compound having a formula Ba,Ga,0,:n%Eu, wherein n% is the mole
percent of Eu present in Ba,Ga,0;, and spans the range in which Eu is soluble in
' Ba,Ga,0,.

16. The compbund according to claim 15_wherein said compound is sputtered
from a source having a composition given by Ba,Ga,0,:2%Eu.

f

17. A cdmpound having a formula Ca;Ga,04n%Eu, wherein n%:is the mole

26
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20. The method according to claim 19 wherein said el ectrol um nescent
phosphocwﬁ?98,53?5&9e| ected fromthe group consisting of --- PC'i‘lCA98/00033‘_ e
err

Sr{err] err]:2%u, Sr[err]Gaerr]derr]: 2%u,
Sr[err]Ga[err]Jerr]:2%u, SrGlerr]Jerr]: 2%u, SrGa[errln%err : 2%Eu,
Sr[ err] Gapersdnbiof ey pmut in Caga g ]ana[sam}s@e rraf]ngWEﬂrhl uis solubie in
'Ba[err]Gah é\%gberr] 2%u and Calerr]G[err]Jerr]: 2%u. An
el ectrolu ot di spl ay device, conprising: a di eI ectric
substrate havi ng a conducting el ectrode on a back surface t her eof ;

an el ectrol um nescent phosphor on-a-front surface-of sai-d-di-electric:

surface, 18. saﬁ@eettmnpmmdjmdmto @aie jfovhereimgaidasiompaund Iscﬂpbttﬂ%e@r ou-p

consi sti n Ga er rr efr err errl.n%u, .. . .
Sr[err] Ga "é?m Faoé‘lr?% ﬁﬁv ge %i? ]algqq$y%§a o lzgé‘f%[ e]r rq]C q e]r r]: n%u,

Srferr]G[err]Jerr]: n%tu, Ba[err] Ga[err]derr]: n%:u, '
Ba[err]Ga[err] err]: n%Eu and Ca[err]Ga[err]CIerr]-:nf%Eu, wherein n%u is
the nol e. g8 cew masthcﬁuobpmdmmgeelentmlunnilescbnce ebmprisigni nescent -

phosphor, and sp ans t he ria ?e i n,which %sol bl e # t%

97 VO 98/ @g@g ing an electroluminescent p osp or selected from egroup conszstlng
PCT/ CA98/ 2109 tantially.

transpar e%? Eglég c%?gfeﬁ% §Ftoﬁ ?&tu S aéa? phosphor; and

means for szmam@mwsuosw;goga%mrsasﬁaguﬁmspaaag@a@ﬁmemmnd t he

conducting electrode to devel op an electric field ross said hQSphO

22. The &a&aE@0k: @rﬁ%‘és‘t"é?ﬁe“ﬂr‘ Wi theunele RRrEBRLPTEUORIUM Bresent Isaldi n

said electro ISt of
221 ) BRI BROSH! ohd HEDEthe LA e NGB i ahf
Srlerr] Gaﬁe@édtﬂdﬁ[nmiﬁdsc%%pho Her aha] Olerr]; 29%€u, SrGalerr]Qerr]: 29y,
Srlerr]Ga[err](Jerr]: 2%u, a[err]Ga[err]CIerr] 2%&u,

Ba[ er r] Ga[ er r | @pplying zmjta@ﬁcamf%saqdcaﬁeﬁmmreesqemmgsmorzs The

el ectrol um nescent display device according to claim?21 or 22 wherei.n said
el ectrol um nescent phosphor is a | ayer deposited by sputtering.

20. - The method according to claim 19 wherein said electroluminescent phosphor

" is selected from the group consisting of Sr,Ga,04:2%Eu, Sr,Ga,0,:2%EW,
Sr;Ga,045:2%Eu, SrGa,0,:2%Eu, SrGa,,0,0:2%EU, Sr,Ga;04,:2%EU,
BagGazOs:Z%Eu, Ba,Ga,0,:2%Eu and Ca;Ga,04:2%Eu.

21.. An electroluminescent display device, comprising: _

a dielectric substrate having a conductmg electrode on a back surface
thereof '

an electrolummescent phosphor on a front surface of said chelectnc surface
said electrolummesce_nt phosphor being selected from the group consmtmg of
Sr;Ga,0g:n%Eu, 8Sr,Ga,0;:n%Eu, Sr,Ga,0,5:n%Ey, SrGa0O7n%Eu,

- 8rGay,045:n%Eu, Sr;Ga,0,n%Eu, Ba;Ga,0sn%Eu, Ba,Ga,0;:n%Eu and

CéaGa;OQ:n%Eu, wherein n%Eu is the molé percent of Europium present in said
electroluminescent phosphor, and spans the range in which Eu is soluble in said -
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24. An el ectrol uninescent red enitting phosphor having a fornulation

- Srerr] [erriderr}; where x is in the range 0.0 ' is .
from ab%@%’sk@ [ giy excq}mgyn '

to about 12, and z is approximately 1+(3/
Sr[err]Eu[err]Ga[err]qerr] 25. The red emitting phosphor according to
cl ai m 2elesteelsminestent pbesphart ABE of said phosphor is x in the range from

20, The e SonnrgetG B eBRsbA] Boobfel ARBLR ioh Butod B Bighos phor

I s sput t'ﬂ-{dgghbf &RP source having a corrp05|t|on selected fromthe gr oup
" consisting of ér[err]Eu rrl@lerr]Jerr},-Sr[err]Eu[err] Ga[err] err]
" Srlert] Eu[er rrpemsafqr]aqp&mg a @i{agerqm?en sEGhirenspanest electrode and t

..Sr[err] %%rgr %Gaggegs:tn]ogee(ycleve Sh LR hERL RS 14581 &Ll t%oesrpr .

PCT/ CA98/ 00043 27. An electrolumnescent red enitting phosphor having a
formul ation Ba[err]Eu[err]Galerr]Jerr], where x is in the range from about
0. 001 tdzzibou'lfheoele;:trp!urslnesmntabmlay(destceamwngth claiay 21 whersgiprsaid mat el y

éﬁég’f)ﬁé?’*a%ﬁ{iﬁﬁ%%@a%ﬁ Flﬂ%%%lﬁéﬁ@% Qrkyn&opaﬁaagw?oﬁnegbﬁfﬂ 0108 to
about . 5% @SZ%IE, rsqfrgé g7 gy;Gé)éfe\E%ap%a’ZQ The red
to cfaim 28 Wherei'n sai'd'p

emtting for accof di osphor is sputtered

froma 9@ gO,gﬂ%EU,eS@Ga)@ﬂ%EwBagﬁa;@gQ%EunBagﬁaZOT 2%Eu and
Ba[err] Eu[erarbGaszrr] Jerr] and Ba[err] Eu[err]Gferr|Jerr].
3 4

23.  The electroluminescent display device according to claim 21 or 22 wherein
said electroluminescent phosphor is a layer deposited by sputtering.

24, An electroluminescent red emitting ph'osphdr having a formulation
Sri.Eu,5a,0,, where x is in the range 0.001 t0 0.1, y is from about 0.5 to about 12,
and z is approxnmately 1+(312)y, excludmg SrpeoEU00:Ga,0,.

- 25. - The red emitting phosphor accdrding to claim 24 wherein said formulation of
said phosphor is x in the range from about 0.01 to about .05 and y in the range from
about 0.5 to about 12. '

26. The red emitting 'phosphor éccording to claim 25 wherein said phosphor is
sputtere_d from a source havihg a composition selected from the group consisting of _
Sr204EUp06G8,06, Sr35,EU005G8,07, Srs.asE_Uo.MGa4013:. Sto.06EUp.02G8407,

- SroseEUngzGan 01 8nd SraeiElio0sGa,Os |
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30. An electrolumnescent red enitting phosphor having a fornulation

CalerrTEuigg 438 #ber'r"]“q-er'r]--, where x is in the range from m1£ﬁ0%5$ to
about O; 1,6% I's fromabout 0.5 to about 4, and z is approximately equal to
1 +(3/2)y. 31. The red emtti ng phospher according to claim 30 wherein x
i s in the27angd elestrabiminescant red emting phasphandayingsa fermulatiomange from'

o 0oy B n Ol aererisf e LBaS Aok HB8A0 DR 18 a6RGE 8! 18 e SHBLL"
gg[ err] Bules §d S806r J]éﬂcﬁfk’& approximately 1+(3/2)y, excluding BageEtig0Ga,0,.

287 The red emitting phosphor according to claim 27 wheréin Xisinthe range
from about 0.01 to about .05, y is the range from about 0.5 to about 2.

29. The red emitting phosphor according to claim 28 wherein said-phosphor is
sputtered from a source selected from the group consisting of Ba, g,Eu,sGa,0, and

- BaggEupesGa 0,
30._ An-electroluminescent red emitting-ph_o_sphor having a_formulaﬁon
Ca,Eu,Ga,0,, where x is in the range from about 0.001 to about 0.1, y is from about

0.5 to about 4, and z is approximately equal to 1+(3/2)y. -

- 31, | The red emitting phosphor according to claim 30 wherein x is in the range
from about 0.01 to about 0.05 and y is in the range from about 0.5 to about 4.

32. The red emitting phosphor according to claim 31 wherein said phosphor is
- sputtered from a source of Ca,gEug05Ga,0,.
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