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PCT/ CA96/ 00444 DOPED AMORPHOUS AND CRYSTALLI NE GALLI UM OXI DES,
ALKALI NE EARTH GALLATES AND DOPED ZI NC GERVANATE PHOSPHORS AS
ELECTROLUM NESCENT MATERIALS 5 FI ELD OF THE

| NVENTI ON The present invention relates to new
phosphor materials exhi biting el ectrol um nescence based on gallium
oxi de and netwodgnimef their : production. More parti c®CTICAY6/00a4

i nvention relates to rare earth doped anor phous and crystalline

al kal i ne earth gappEp RMORPHCUSAND GRYSTALLINEGALLIUW OXIDESPARKALINEN
crystal line gal i urg fl GANCATES NI DOPED ZINO GERMANATE hﬁesmmswss
The present invention also rel gl_ 'I‘F?O['ﬁmlq SEENTNATERIAL oxi de,

Zn[err]Si[err]Ge[err]gerr]: M use as ectrolumnescent di spl ay

material s. _(j% N E | NVENTI ON
El ectrol umi mescence (EL) occurs by EIELD z o t froma 15

phosphor in response to a S‘H‘ﬁébfés@ﬁtttherhioﬁf‘re%lt@fornew]bh@'dpdlodmaﬁér@s?d aCfOSS
the . phosphor. Phosphor refers to those materials which emt lig

in response to exhibitingrleciishimingscance drsad ongalfiug pxde anﬁ@%@ﬁoaﬁhelrm n
filmelectrol um nﬁ?&ﬁﬂlon More parﬁ&gé@hedﬁ\t‘g nt‘i’orﬂ%?ét@s?dll‘ér‘ébﬁﬂ dBBQErL' sing a -

phosphor filmor Fayer etween two el ectro
| ami nat es ar e typiaswrblyoussahe m'ystamne alkating earthigatiaterphosphors and ragecearttont o a

substrate such as uartz or ass Vi | ayer
onto the subdtrat Bﬁ‘? S"Wiﬁ’rl‘ﬂ" r#t;{g%}?@{p? HS”'HP‘e?’%%‘? Fﬁ@“eﬁ%&s for mﬁ&@@r
deposited. The phgsd¥eahalefER! The préwnt MOBMGIH 8o pslbtesttb eed ddpedtgeirmanlum

| ayer and then an optically transparent electrode, typically a transparent

conduct i ng oxi de owuige, &5,91138,,Q Mefeeusees sleckolumingsssntiispiay atenalse o5
phosphor | ayer. Application of ?gﬁé&g‘!wﬁ d@#ﬁ@ﬂ\fﬁ@#ﬁn the two

el ectrodes produces the el ectri 0 i nduce
el ectrol um nescence in the Etwh'plnmnesﬁaace (El9 qmbunsrmtbeanusswmofhgm&oma to

reduce the ¥ 8 ![ ngg’ﬁ‘gé |r(§ Qeg,%sp%ngg %o BL0ARRRhy h?ﬁﬁeélﬁ&ﬂc%ﬂ g&s{? o?eﬁcéc%& the

br eakdown o erers g connercral
interest to achi e\pﬁo&ﬂﬁbrf Phbsm%feﬁﬂ to those materiatsnghich emit light irptesponsestoent

hosphors for ble dis a cation an rticular for

s ha ol ooy 11 2t amekRpa b aJld S3bbe el ooy qedhipndeSln

known as effici en?&|&gm€g€a§]5a%q§stw&b%h{pggwm gpfmoﬂaygpssed in T.
a

| noguchi, M Take Y. ara, Y. - oshida, SIL.D 74 Digest, p.
SUBSTI TUTE SHEET (saudmcbe;i between two electrodes. EL laminates are typically made by
20 depositing the various layers onto a substrate such as quartz or glass, first a

reflective metal layer onto the substrate onto which an insulating dielectric

layer is deposited. The phosphor layer is then deposited onto the dielectric

layer and then an; optically transparent electrode, typically a transparent
S conducting oxide such as ITO is deposited onto the top surface of the

25 phosphor layer. Application of an effective voltagé between the two
electrodes produces the electric field strength required to induce
electroluminescence in the phosphor. The role of the dielectric layer is to
reduce the voltage drop across the phosphor layer to avoid dielectric
breakdown of the phosphor.

30 There is strong commercial interest to achieve the full spectral
range in electroluminescent phosphors for visible display application and in
particular for making colour flat panel displays. Sulphide phosphors are well
known as efficient light emitters in electroluminescence as discussed in T.
Inoguchi, M. Takeda, Y. Kakihara, Y. Nakata, M. Yoshida, SID'74 Digest, p.

SUBSTITUTE SHEET (RULE 26)
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PCT/ CA96/ 00444 84-85, 1974. These include ZnS: M1 and SrS:Ce. A
significant drawback to ' t hese phosphors is that they are noisture
sensitive and are prone to reacting wi t h oxygen especi al | y. when

electrically driven. Known electradl um nescent mat e

studi ed i ncl UOHF#EBR| al s such as SrS:RE, see WA Barrow, ?‘ﬁl’&’w
Coovert, C. N King, Digest 1984 SID International Synposium Los

Angel es, p. 24918§B§9{§’M Irﬁé@é ichide ZrﬁSINﬁ;P&ﬁ{ $fS. b@[RrsIdmeEn@érﬂIb‘a%k%ed in

WA. Barrow, C. Coovert, E. key, C. N ng, C. Laakso, S.S.
Sun, R T Tuenge,thBse phosphors is\ﬁbatthemre moga&me m@v&andlam prong: togeatting

e e oot oty yhen sits RV SRR, Ky PRHRR sl ="

S.S. Sun, E. D cieterial® being sipdiedincMda matesals such as SrS:BEs pbawvmhbapbwr S

o e s e it R oS ek el posam, 1o

Phosphors Conf er ghgeles Q4@'S|§§hSNRE ér?d@ﬁea RE aB dlstiosednd W.ASB
D.C Smth, J.A Sarruel%z R C f)y sp Ia %’sﬁlosphors Conf er ence, a&@?\ﬁ

Di ego, Nov. 13- 16quveﬁ EZ‘?'CKQYI|¢N Niflgs . healksa, 8.8. Sen, R FiTengeeB, green
and bl ue en ssi o Cl?? @%ﬁ”‘%ﬁﬁﬁ%@%{@%ﬁ@%&S'r" éég@e Bvsié)lr Wht ness

difficulty of prepn
has recently beeHalWersonsYsRaredos, IIatCmItErtmspwlﬁmphmmhference San Do, y Of

t I Zn&@|[ ' I hi bright t
ol cot ol uiPnesochipe 1 SuB 1900 FlE sSSun ke tiipbes. K Wakes. i gest
1995 SI D I nt er napispy! PHasPRErS CoRfefdncaSan Digo! Ribv. 13215, 995! padd; T. ¥arlf!r oi ,
S. Takata, Display Phosphors Conf erence, San Di ego, Nov. 13-16, 1995,
p.91. They obt ai e@hQGBBI“QjISQEh Wn?@%ﬁ, gri((vllégn%rdpnﬂ[ Summers, BiSPIdY at up t o
0.9 m VW, @éﬂho?é‘b%nﬁpé@en %dggﬁgédumﬁi ﬁ% @%eﬁ 1280a7d - 'IOSCTJI/ ogberr]

red at a drive 25 requenc are hot practica
bri ght ness val ueb.G.&mith, dLﬁs;ﬁa{yuels R.C. DyebDispigy BlosphornConference, Sanl Eu,

i gon. | d67" TBiegBTNER18%, 1858 2127 WRe ase mitebB f A figieTh A48T ' "

ZnGa[err] err] and blue emission, tnbmlrimésemmmsasmdvmmmwwmﬁsphor,
claimng 120 cd/nier ';(/P t 100 as, disclosed in T. Mnam, Y.
Kuroi, S. Takat a9Wifu f/la'ie&a P@s%ﬁ’t%ﬂb'%’ prgblgms. Di spl ay' 95, Oct.

%6‘ 18, Hamamatsu. However i fad recBRfly b&abtidthSnstied izt fvPefgdiate based

family of materials, ZnGa,0,:Mn could achieve bright and stable

20 electroluminescence, see T. Minami, S. Takata, Y. Kuroi, T. Maeno, Digest
1995 SID international Symposium, Orlando, p. 724; and T. Minami, Y. Kuroi,
S. Takata, Display Phosphors Conference, San Diegb, Nov.13-16, 1995,
p-91. They obtained good green emission (200 cd/m? at 60 Hz at up to 0.9
tmiw) but only obtained 0.5 cd/m? blue, and 11.0 cd/m? red at a drive

25 frequency of 1000 Hz, which are not practical brightness values for a display
by replacing Mn with Ce and Eu, respectively. They annealed these phosphor
materials at 1020°C in argon. |

More recently, Minami et al. have doped ZnGa,0, with

chromium to generate a better red phosphor, claiming 120 cd/m? at 1000 Hz,

30 as disclosed in T. Minami, Y. Kuroi, S. Takata, T. Miyata, presented at Asia
Display'95, Oct. 16-18, Hamamatsu. However it is not feasible, to achieve full
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colour in ZnG[err]Jerr] since rare earths are not conpatible with this

host lattice due to the size msmatch between Zn or Ga and the
rare earth ions I'n the binary gallium oxi de based
system [err]- er Jerr] has the [err]- al um na e structure
with two diff sites, one in tetrahedral coor 613044hd t he
ot her in oct anedral coordi nation. High terrperature heat treated .

[err] - Gal or 1] O aiduri ZWBRKO, o8 elisringerg ot B5ABslha A BISH BbtElRES Cence

under 254 nm WV irradi ation and cat hodol um nescence bet ween
650 nm as di scl dHedoithe gizeanismatahchatween Zp orGaand theaiae earttyionsr own, Jr. |

ﬁer rj-Gajerr ]Elqeg: : i)cgem t ﬁgﬁ'gea ﬁérgrﬁ%@m Bﬂd(%#g%%d ég%%ﬁggﬁzﬂaé’aﬁé'&est udi ed

as. a. potential ralgmina typé shuetdre witthtwediffesatt Ga sutes one frefefrbhédrapecause of
t he br oad-pand ?F?Qs(fl on bet%ﬁ‘e 850 and .950 nm i s associ at ed
2 - St

with the 4 KRR $HE osighedra CPB 'qnhél%bt@m@aatwe heate,
see for exanpl e ydatdd B:@é)zﬂi3”§kn<ﬂ?1¥&>e nbf;gﬂtbr&%i-bamph@éﬁ@j cjeéé865)

and D. Vivien, B. Viaha, "‘A” Revcol evsc Nel son
15 and O MundepPsham UY irredistion snd camodpqumumecq teBigen 340 and

the rare. car th o0 Bstigiouedh W e hefbart B "B ol o B o el o
reasonabl y Electraeihent i Soot vqﬂhm'lazlpprmowdem(1989)3;&@9&&@“@@&&%“' stic
02 LR A B o doen o A o et .
Brown, J. El ect mAstBAAN bedabse vPthe Brd&d-bBAd éﬁﬂssnon between ss@Farﬁjébﬂm ti&eher

common rare earth dopants such s uferr] d Tb[err however,

di d not show ef fi$ 8pgaqiated “@Hltggl a tq_ag&:ﬂpn ohthe ETtoarn the ectehedral site,

- S dijk Péh ; | 52-954
(gggg; | JSomTer dlsjee fo nﬁ)lelﬁgliy%‘l}@%%dﬂ%e So bPPY%G%égwﬁgﬁ?f
[err]-Ga[ err] q @nd] Dt ¥ivien, & Vjang,) duRevbdlevicht,. J. I Barrie, 1B Thmni P. NeisBn

M nnier a roch Soc 5, pp.104-
105 (1968])i]§]d| scl 5‘933%§ a\}ﬁﬁ% (Mﬁ ;%% ggéqo(ég ed in the range of 5-
10% (nol e per cent) Dy COEoemﬁoughcmere%tsraméﬁtaﬁfeié%@erﬁi&a.@ﬁdiﬂbf

activation is stjll not clear Recently 1t has been

denonstrated t hdbe & FMSP’G and Balih GaaQu:By yees repoded tahe a reasonably

Taata, S5 Si et gl SR Br s,

3 70600 nm) and the yellow (570-600 nm) regions, see W C.

PCT/ CA96/ §9444 Herbert H. B. Minnier and J. J. Brown, J. Efectrochem. Soc. vol. 115, pp.104-
105 (1968). Other common rare earth dopants such as Eu* and Tb*,
however, did not show efficient PL emission in B—Gazbs, see J. L. Sommerdijk
and A. Bril, J. Electrochem. Soc. vol 122, pp. 952-954 (1975). Sommerdijk
also disclosed the solubility of Dy* in B-Ga,0, to be only about 1%. W. C.

25 Herbert, H. B. Minnier and J. J. Brown, J. Electrochem. Sac. vol. 115, pp.104-
105 (1 968) disclosed that maximum PL brightness occurred in the range of 5-
10% (mole per cent) Dy concentration. The mechanism of the rare earth
activation is still not clear. _

Recently it has been demonstrated that Zn,SiO,:Mn could

30 achieve electroluminescence, see T. Miyata, T. Minami, Y. Honda and S.

Takata, SID '91 Digest, p. 286-289, 1991. Thin films were RF magnetron



sputtered onto polished BaTiJQerr] substrates using the nethod disclosed in

T. Mnam, T. Myata, S. Takata, |. Fukuda, SID 92 Digest, p. 162.
A good bri ght ness of 200 cd/nferr] was achieved at 60 Hz with an
efficiency of 0.8 [err]mMW A drawback to these filns is that they
had to be anneal ed at 1000C 5 " for several hours, whi ch g;ﬁ&x“l Fmts
t heir appl i ca¥PPPF2 o practi cal substrates for di sgf

As mentioned above, a major drawback to known el ectrol um nescent
material s is thepggsediopto m&heﬁmwsu:byfratés;hsnmgmmnemuamsclosed inT.
annealing (in the vicinity of 100 Lq] eéu) of th i.lms ta Eroduce 10

el ect r ol um nescMinamkaMiyate, S.Tiakata,d fukugta, ﬁl%ﬂzp&ﬁ%r%t B2eAtgoodt nent

results in seve fzs‘;‘% Eﬁe )t ly a
limted Bﬁﬁﬁﬁ%&% bﬁ%?@?’ﬁ%ﬁﬁﬁhgﬁggﬁggg{ under these ocﬁﬁi ons.

H gh tenper at ur em/W. A drawbacktedhesefilaisds thal dheatsattot fecarresiedét 10004Gci ng EL
filmsrapllyo a lar

| e. Angt f
el ectrol um nesc sefYﬁf%F'P‘al wpgchts@é{graqlﬁé!g;lt.gfrglrlqppllcablf}ggg %‘g'éap?gyerﬁtti ng

at particul ar waupstrnes foy dipldys. a rel atively narrow wavel engt h
range, such as yellow ZnS; M or bl ue-green SrS:Ce which are : not

i deal for col or displays Anmentiengd akeve; gimapodrambackito knawn green and bl ue

f th
B e B BBRAESHT R B R B 16 IBEAOH ighTatdetlrs.
20 format i ounﬁeallrlge(lmthedwnwef‘MOQCﬁbﬂtheh‘lhﬂs nmty)dace cally nore stable
t han the el ectronic erties of t he

material Wer t| F"’m' escent Eehavn Ut This neegfar I@FQ%%FE&%E‘E H@? ZnS: M,

is yellow and h@és@tsnﬁ%lévere restriction&ik $he BIdiBe af s&:%%fas Mwm?ranmifud eit
may be filtered red and green, nost of the Ii I s" |l ost because

only [err]10% ofumber beglltavaéatﬁawé@ewndeugwssmnﬂ@ang 'Qh teraperaijreen

filt Siml - ' hat

onl y about 1006 ateaihe isiedasds 10 Soctor pftethd 2, AREARRIY 6n o Erge"®

I n the rar e- ear shal@ofnothexlinditatiomafmany @lectkslumirgiscantanatedals is that they anpeeen
bl It f . . T t I | i ght

75 Pue T arsliRs Sinhul b boricer havabbeS Sy 1T Shetatiay fadu!'s: b &

ispect r :J(rjn a\r/]vay ?@vavelenbtmmngb esubhds yelloweZhS: Mrﬁwrbéwgréeht&sma @thichodres .

t wo t herefor e vapt ageous to provi de. a, ne

s o IR Eblt s BIRYS R PR GBSO i1 iR (86, Greenandbivean e

deposited at  parts oftﬁeemsreaéwcﬁﬁmwehéctrwn%éédéﬂ%@téda@ EM@&Y avoi di ng

the requirenent for hig enperat ure anneal I ng. woul d al so be

advant ageous to Sp'lﬂﬁ‘ld@d"h@fﬁnﬂy suffer frome cheynicel sjﬂblhb'ﬁeblﬁmléhlaﬁl axidéhi ch
o b a7 20 b SRS bR oRled U Ml pefrocmabEE Pl R AT =
“provide a whi t e spliphiges whichrahanges titeoelectroriit prapértiegrafdne material over time,
The classic EL phosphor, ZnS:Mn, is yeflow and has a peak
wavelength of 580nm. However, while it may be filtered red and green, most
of the hght is lost because only s10% of the light is passed through the red
25 and green filters. Similarly, a drawback of SrS:Ce, which is green-blue, is that
' only about 10% of the light is passed 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 wavelengths that are positioned in the visible spectrum away
30 from the desired red, green and biue wavelengths.

it would therefore be véry advantageous to provide a method of



and bl ue em ssi on. Poort et al. (Chem WMat. (1995),

7(8), 1547-51) discl oses phot ol um nescence properties of al kaline
earth alum nates with and w thout 10 gal lium namely
Ba[err]Sr[err]Al[err]G[err]Jerr]:Eu[err] with x=0, 0.5, 1 and y=0,. 1 and
2. For both Ba and Sr conpounds, in the absence of n

phot ol umi nes ¥R &HZ2L observed. Wien part of the gSé*’Fﬁ?ﬁ’qog“

repl aced by al um num Eu[err] phot ol um nescence was observed. EPA

490, 621 disclo édlkiﬁghéwlé&mmrﬁhbmdtaia@entals iwhich can be depiasitedat i n
cat hode ray tubes or ' ' '

um nescent discharge | a .e 15, .
cat hodol um nesdemperatanes v@iloqu‘@twp@‘fﬁ H@g@%}’n%‘g@m&he requirement for high
|t woul d al so QSP%Q}'&G fing.Ot REQY diso Be aa&mg?éﬁusna%mé‘ﬁew new

EL materials that"are chemvcalTy stable and do n react appreciably with
wat er or oxygerelectrblpminsisdentsnattialsBhigreemiovana broadeqppdiontaighevistle ness

S mai nt aj ned, substantial ly .con E NG | Known col or
phosphor s920 SPegtﬂ,’W gn P@@'&?Larnﬁ%filﬁﬁeﬁog%%%Nédeéggét&gﬂll@%)b&?%l e in these
respects.  advantageous to provide a white phospHddNIPhddphbisrwit N\ réen

It is an object of the present invention to provide new

el ect r ol um nesc#n blugemissiPR. based on oxi des of gal lium and germani um 25

whi ch exhibit electrol Ummﬁ&;ﬁe%ﬁsob@é‘sw%qé&ﬁ&o PF&id@§H@tﬁocf€FﬁrbBﬂciﬁ§ the
el ectromagnetlc spectrum useful” 1 n color electrolum nescent a_t an_e
di splays. It i snew &b matedbisdbat ark chemigaily stabie and denobreacbappregiably withet hod

or oduct i 3 i grweter 87 oS e el ideFRaliRER heifFRanE i A BiEngss

achi eve el ect r ojsyfiRemseséubitantially benstantaduring operation. Known color phosphiors -
significant commerci al advantage of the present. invention is

: Suich 29,815 GEVRCLAIN A SHIRIERS P8 L ARSI NGRA B3SPEEShas ed

el ectrol um nescent _ mat eri al s and devi ces based t hereon have been
produced onto substrates at | ow t enperatures and excel | ent

el ectrol um nescent behavi our ha§u Y OF THE IN ' wi t hout the need
for high tenperature annealing as_i 0 ) . : own systens.
As deposit®d films of Gaf'g}srﬁfgf%'é‘?‘]“?ﬂﬁe g%gg?q,ﬁ},%ﬁgp to pROVAES néi)

Ca[ er r] Ga[ er r ] CeRictrbiumingsténtmatsrialss3et or] oXitlesaofrgedlium and gesn@miunx ur es as
| ow as 600[err]C I bi

. .. exhibit excellent. el ectrplum.,ne operties.
Therefore a very’héqhg?ﬁhl“?'t:%}ﬁ?tm'“m'“esce" Hpﬁbgv%ftﬁ? P{E'bg? §§§ﬁb 4?”5/) ntion is
that the new el %@c%r@ BAE §&trum useful in cBRF @ldcrofunsifiésdeet flatiszmel ed onto a
wi de variety of substrdates not normally 10 useabl e as, substrates for EL

materials wth displayskRdswnisoandwbient ofiiiecrpegny invention to pravidq 3 medad
tenperat g anneald ihd MeBE AW FHimS Whid Gbed Nl Fedifiré ost production high

temperature annealing of the films in order to achieve electroluminescent

behaviour.
A significant commercial advantage of the present invention is

that several new germanium and gallium oxide based electroluminescent
25 materials have been produced onto substrates at low temperatures and

excellent electroluminescent behaviour has been obtained without the need
for high temperature annealing as is common in other known systems. As
deposited films of Ga,0,:Eu and films of Ca,;Ga,04Eu and Zn,GeO,Mn
annealed at temperatures as low as 600°C exhibit excellent

. 30 electroluminescent properties. Therefore a very significant advantage of the
present invention is that the new electroluminescent materials can be
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Anot her commercially significant advantage of the present invention is that
It provi des new el ectrolum nescent materials characterized as
green, red and whi t e phosphors which exhibit el ectrol um nescence
over the visible spectrum 15 rather than em ssions centred around. a
speci fic wavel engt h regi on, such as - - t he yell ow regjons al one.
Tﬁe I nvent ors%% 1f gr the first time el ectrol um %escenceelg#r%”‘m“‘

anor phous and crystalline Eu-doped galliumoxide, Ga[err](err]:Eu, and

ot her BEpGLiIRE TG h NiBe vhriety F satbsietés ndt ridnmally eseatile mavent i on,
there is provided 20 - films of doped anmprphous. a crystalline.gallium
oxi des, Ga er r] Splstratesfor Fhgnaterials with %‘RF%”RP%@ QFPFI:Ei‘[ '@Fﬁr@&ﬂeﬁﬁfﬁ

exhi bi ting bri ghigmeapeatl@brleaing & prodies erRravluMinssence. nferr]%is

the nol e percent "anount of Eu present in Ga[err](err] and spans the range
in which Eu i s sol ubl e i nAr@{hesreqranercially sigrifi fantage pbihe RFesent  anount

f Cd t.] ; | I: Cd i
col bl e i P Ga[ cEOPAYjq PabE pivided it bieBROlRELEeh{ ialeRaRerdrattiasty 0| ° )
provi des new galgkgjeer)26€ n@white phosphors whichisthibiselSattollmingsCeace bver
SrGlerr]derr] and BaGa[err]Jerr]. which have bee repared i.p such
a way as to exhihg ws@iﬁ)mecgvma@&rrtmjmrﬂenﬁﬁa58?‘!'&@%sP?fEﬁ%di ng EL

FELai z ) . . d on Ui
and < oS T eRlAGTIRBRAS such B i R ere ], oo T

CaGa[err]Oerr] and Sr|[erThednveniorseportfonthedirsitine gleskolminescenseagfi t o
exhibit excellent EL. Th ~ .err e a rlderr]
are 16 st &FP&@"‘B‘H %ﬁ&%ggﬁéﬁh%p%%&[%rgﬁ 8%9??91 %ﬁgﬁtﬁ'ﬁér honbi c.
The ot her two cablgtedisystems. In one aspect of the present invention, there is provided 6
gallates, Cajerr]Glerr err] and CaGJerrlJerr crystal Lize in

or t hor honbi ¢ andm® 5(90}’1% @mol'phous an ?{Lﬁﬁﬁ'l‘%eﬁwﬁ?%%@%@pﬁe%{ﬂ h
dopants are gengsall ¥ SO ulhiBitihg bAght 6ang8%ed electrolumimssceas@ounds.

Speci fically, CaGa[érr]'Qerr] ‘NYREIs provided wherein REis arare 5

earth dopant sel ected frofhe peesgnbinyentionsalse prryidgs nay oaiiate baseg gxides
conbi natigas th Yal s t ; &sfentor! ;
CaGa[err]err] ,Ggugﬁ%s dhéézﬁ“’ %%ﬁégpﬁgﬁgé%h%%h t heprég?reedégrs?ﬁg are
sol ubl e i n CaGalzeway 65 to e}hibit superior eletirohumiheedent piopedias] inclugibgiEL pr ovi ded

wh in RE i . th t | ected fr. .

Cons: sting of EFEe abRgHrsEs: THE Febi8Tiso nyeyides hier aiiand
e rare O e e LYo ot gre also uhi ¢
CaGa[ er r] d err] :TRYgEEtq %xrfbt?ib%’fcﬁﬁﬁmvé"e r‘lé\%%@r%; g}a é'?éazbgandrdaﬁ%azgar?rﬁ dopant

sel ected Hpom t hguEPBYHRE BhE thatbf TaGal0, WoerthdthamBic. The other twoERICim: | ONs
thereof, n%is the nole  percent of R@E‘Qpresent in CaGa Jderr] and
7

spans the range 9aliatgs 68:62Q angrCaG hm@lli%%hmﬂp[rﬁn% _ @Fé’%‘?‘}ﬁ“@iﬁ] .
wher ei nonde 1 s - oS robgkiiiel) R rfdHiPts SR LRl ST RESETH g sPnC!
which Tb is sol UBa eompounds. Sr[err]Ga[err](err].
| ' The present invention also provides a method for producing
25 new electroluminescent zinc silicate-germanate films at lower annealing
temperatures thereby permitting the use of more practical substrates. In this
aspect of the invention there is provided a method of producing
electroluminescent films at temperatures in the vicinity of 700°C. The process
comprises replacing Si by Ge in Zn,Si0O,:Mn films to produce films of
30 Zn,Si,Ge, ,0,:Mn exhibiting-electroluminescence.
In one aspect of the invention there is provided a new phosphor

—_—
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The present invention provides a nethod for producing new
‘el ectrol um nescent zinc silicate-germanate filns at | ower annealing 20
tenperatures thereby permtting the use of nore practical substrates. In

this aspect of the invention there is provided a nethod of.
produci ng el ectrolum nescent filnms at tenperatures_]j vicinity
of 700[ err] Cwasa2piocess conprises replacing Si

Zn2Si A: MWh filns to produce films of Zn[err]SiGe[err]derr]: Wn

exhi bi ting el eCBEGih f'b?lgrgléggabr?: oRE wherem REisa rare egllﬂ?d négr?tes@ ected

I nventi1 on provi uc trol uni nescence
_ conpri sing proviromtyegnoup eonsisingrof My,m%smﬂmrmole percent cARE prepénti ng a

el et ol um nesclCeRvca SRS RERE AT IR rece B i 9o AR Omer i n

RE is mer &pﬂdf béingd eharicterized by efledtfoliminscdriceuphaiPas efédtive of Eu
and Dy 30 err err‘lj H[err %Eu n2%d[err] SrG[err]Jerr]: n%RE
wherein RPis a"P liedigerns the phosphor.se| ect ed from t he gr oup

consi sting of Eu, Tb and rpﬁ.g,
7 CaGferr i @ er rci : n/&@gﬁﬁmrsﬁhﬂé‘alvén%mreg%mlggrt h dopant

sel ect ed from t &@,Q50%ku,Cd, whereinmfads theimgleqfer&nt of B,combirrediamourtiofat i ons

th f: BaGa th, d t
Sel ected from & Fo e PieRrD B TS andapans the nge in whith RoZofiEines: (one
t hereof ; Caf er r hfraupt 6f K4 ahd Cond&eolubieineta,035RhephdspRbcbeéing charderaiRbd 5

sel ect ed from t he consisting of Eu and Th and conbi nati ons t hereof;
CaGa[err]Werr] b Wﬁq@ ippsrenee whep angftective veltagsyisapried aefosathe om t he
gr oup wiri ng of Eu, Dy, Tb and combinations thereof;

Sr[err]Ga[err]Cf)erﬁ noarb, wherern n%is the nole percent of Tb;
Zn[err]Si[err]Ge[err] g erTl']e nyentjonskieo pravidesna phesphorbawng the formuleper cent

1o | e SR BRI R e Frb Bl SRt e d @R Wot S ° 1-©

conprising a consrstrn@beELﬂdUarid comisihationg thereof) % isthadhoikipagcdht ekRE
el ectrode, on a back sur t her eof ctrol unm nescent

ce I
phosphor a f POReNEiny rg?@e%faf}dm?%@ﬁéh%aﬂged" which the ratg garths.are sojuble
transparent el egf SFG’@ o Sth@?ﬂ:é% ﬁﬁ%égﬁ %ﬁa&@ﬁzédlbfr 8feRtr8luniiREscence when

phosphor and means f Or bet ween the transparent 15
el ectrode and tﬁaaffemwltagebaanp!@deaqrwd@emogm op an electric field

across the phosphor. The 5 F%E&t%u%{"%ﬁdoﬂtﬁ%é 'Sf u“gﬁ%%-gﬁhﬁ is a

rare earth dopant selecte roup consi s
Ga[err]Jerr]: n!lavrn};mtmmwlaq:aﬁdzoym%REiwhetﬁierRﬂE% & sarera@rtinodapaptr cent

t of ' y . . whi ch
Bl T's solBbi e 1 SRHes Tyrofhe piouP saRsihid P 6L o, R andfARbinalns Bl " ©
anount of Cd pr esgBithe mcﬁaberdeh@mﬁbrmt HoaGajdle ahdlsgens thevangé in
Cd is soluble in Ga[err]err] but not exceeding. 14.
SrGa[err] ( err] Whigh reeﬁﬁﬁ'“ﬁ@re soluble in q:%&%eq‘saﬂ'\? R!Espho'd%ﬁﬂt sel ect ed

fromthe group ¢ABscHrizBE wfer&!mmrnagébnce when an. EfsEnvE Ibitagsistappies’

CaGa[err]Jerr]: n¥RE wherein is a rare earth dopant
across the phosphor

25 The invention also provides a phosphor having the formula
BaGa,0,:n%RE wherein RE is a rare earth dopant selected from the group
consisting of Eu and Tb and combinations thereof, n% is the mole percent of
RE present in BaGa,0,, and spans the range in which the rare earths are
soluble in BaGaZO.,', the phbsphor characterized by electroluminescence

30  when an effective voltage is applied across the phosphor.

The invention aiso provides a phosphor having the formula

: 7 This Sheet Has Been Re,
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selected fromthe group consisting of Eu, Th, Pr and conbi nations thereof;
25 BaG[err]Jerr]:n%E, where REis a rare earth dopant selected from
t he group consi sting of Eu, Tb, and conbi nations thereof;
Cal[err]Ga[err](Jerr]: n¥RE, where RE is a rare earth dopant.
selected fromthe group consisting of -Eu and Tb and conbi nati ons
t her eof ; CaGaV@PT®XMlerr]: n%RE where RE is a rare earth dopaRET/CA6/00444

sel ected from the group consisting of Eu, Dy, Tb and conbi nati ons thereof;
30 Sr[err] Ge[—aeeé R RE: mem N@%sr&"ééétﬁa@ambeeaem@m tHef orblip
Zn[err]Si[err]Gel err]: where n%is nole percent of Vvh
in zZn[err]Si[er GPIQE??@TQ q:chteanql Tamdmm@pmrtbﬂﬁeef t “3s the mole percent of

8

oCT/ Caoe/ 004as B PresBAifba,Ga;0, and spans the range ip which these rafe eatths e, \
The new phosphosgnmmeem@éasmgltbe phogprwr(betrrgjdhanacteﬁzwtﬁy behavi our
formng the present |nvention wll v&@e descri bed, P%qi #

exanpl e oMy, r@k&’@%@nﬁ%q%emnﬁﬁ t'é{%(‘,’e'rﬂ%‘yl% g ﬁ@she i n which:

5 phosphdri 9ure 1 is a side view of an EL device structure
using a cormerm al bariumtitanate substrate produced by AVX

Cor p. ; In anotthheyaspect afdhe inyeotionthese lsgarpwdgd aphosphor

i cach anncal oiSupSRfE e, capaQARRE bhedh REX R RrNartidp) 1L * 10 *”

Figure 3 is a pkelectd frdm th@gmlpe:odeisﬁnglahEy, Dy , Thand combinations thereof,
el ectrol um nescence effi | enc i

éhe-thlnéllm anmpl.es of Figure 2;
Figure 4 191 ust P isdh FW&"%PP ”HP REE preses iy ?ﬁéﬁ(ﬁgggfi spansine '%‘S?r"] : 1%u
thin filnms depogHidfingtard eéFfHé @r@%%ﬁlﬂ?é’zrﬁéaéafo tﬁéﬁ&gho%‘éfﬁ ratures

shown; Figure 5 conpar ctrol um nescence
spectra of 15 chamssterizefiCysieqtrominescence wmemen effieciive valtage istappliedi cat ed

t enper at ur es; Figure 6 is a plot of the voltage
dependence of ba%ostsﬁhephosphor ef ficiency and brightness of a device

fabricated from Ga203: 2% kuarkthertaspect of the mventmmtrmrgawmvmtadeeph&pﬁ%

050[ o1 1) Q8 or 1"RUABS m%?azﬁ’i‘:,?eeu&n%w@y a””%@saﬁgfm{?%ee@engsfecua

for two Ga[ er r ] ﬂrﬁnr the ré?@oﬁ aHoi# 0.5% to about%weéﬁo%dv@ﬁestlh%é féi’ig&
tenperatures for 1 hour | ustrating the presence of eep red

eni ssi ons si ni | #Pou0 thabat #), éBeéhoﬁ@iP@@ charggteiZAdRY to to the
f th
eni ssion o e i%&@uﬁ&%%%eﬂoanﬂ"ggéﬁhgﬂrgﬁ@ is,applied across the

Figure 8 shows ray di t hi
sputtered from @hegpRgrerr] Jerr]:0.5%u target and anneal ed at t he

| ndi cat edy, | tenper 3LULREnGSH aRBBrOAHES an electroluminescent device
comprising a dielectric substrate having opposing surfaces, an electrode

being located on one of the surfaces, a phosphor layer located on the othef

surface of the dielectric substrate. The phosphor has the formula

Zn,Si, Ge, ,0,n%Mn, wherein n% is the mole %Mn in Zn,Si, Ge, 0, and is in
25 the range from about 0.5% to about 5%, and x varies in the range from 0 to

. about 1.0. The phosphor is characterized by electroluminescence when an

effective voltage is applied across the phosphor. The device includes a

substantially transparent electrode on a top surface of the phosphor layer

and means for applying a voltage across the phosphor layer to develop an
30 electric field through the phosphor layer.
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Figure 9 shows the el ectrolum nescent brightness and efficiency

for Ga[err]derr]:0.5%u,Cd thin filnms anneal ed at 800[err]C for one hour;
Figure 10 conpares the el ectrol um nescent spectra (intensity 30 ver sus
wavel ength) for Ga[err]Jerr]:0.5%uCd and Ga[err]J err]: 2%tu;

Figure 11 is a plot of brightness.'and-efficiency versus voltage. at

WD 97/ 02721 WO 97/02721 PCT/ CREBL-A/ 44

60 Hz for an EL device formed by sputtering a thin filmfrom

Ca[err]Eu[err]Ga[err](err] grigp DEscﬁﬁ;ﬁoﬁ’bﬁ"%ébﬁi and anneal ed at

950[err] C for one hour in rr—-——————————%e 12 shows the

EI{:1 eni ssEl on spectra for tﬂnepéwi]nmep?]or matenlals éxhlbngdﬂet:ﬁ’oteWﬁﬁéseémd from
t

oL chd e o Hepabth B it BRI ik B o SBus. b vy

bri ghtness and eiGirpley, RS Halegme 1@the accomc?any% drgwirigs, ilwmBQsphor

filns sputteredfromCa[err T%err [err](err]
substrate §ith each fil m bigHes eajaame\newwéanmdmmtmetusmsa

Fioure 15 shows Phapifiuith SrBRECondradhradiBet bumnceoffe® 10 ¥
sputtered from Ca[ er r] Thb[ Biguje2 ieea pldtaf brighttbss ve}rsa@applead \Mﬁégeldasévahe
anneal ed as re 16 is a plot

of brightness aﬁﬂmé\"’fﬁ Zg@% £%932W¥ g@ch apnegled at thgden%gerfa&: ®an EL

phosphor fil m sgndicgte@dorfdrimhder] err] Th[err] Eu[err]Gaferr]Jerr] onto an
AVX substrate anneal ed under the indicated condition;

Figure 171@hows the EL enFigured isasiatofither witaga slepandearayloftes
Fi gure 16;

For an EL phospifizopyminessanos sfiedey e lnin Bl e Bt ™) Forr)

under the indicated anneaFigoge 4dhstratesthe x-ray dlffractlon patterns of Ga203FI%EOe 19

is a plot of bright d eff f
£t phosphor 11 HAMGITE PepetieRan SLeAmenst A e By dpuperatupg shown, ~ O
Sr[err]Tb[err] Ga[er r] Jqer Figufé‘56b’?ﬁp‘ék$ﬁhé@lﬁroﬁﬂﬁﬁé§&%cé%§éétré be indicated

conditions, 25 i gure 20 shows the EL em ssion spectra for
a phosphoit5fi | mGa;0::2% Euéblﬂtfl‘@ii aangalgghatiedndicaisddempetateies] J err] and
anneal ed under the given ure 21 is a
pl ot of brightness and ef F%@lpéeﬁéé)a\?/’(’eortﬁghev‘é |ttage degendenoeofboug Hz for an
EL phosphor fil rﬂf&tpiemyeara:brigmﬂsrqfadqﬂctqfabnq:ﬁe{i@m] GajQRy2%Gwsputteved 0 an

B s 2t e AR r 54°C) A58 5 6 O ot o amneatnay 1,

Figure 21; - Ar at 950°C for 1 hour;

20 Figuré 7 is a plot the EL spectra for tiwo Ga,04:1%Dy films
annealed at the indicated temperatures for 1 hour illustrating the presence of
deep red emissions similar to the samples of Figure 5, attributed to to the
emission of the B-Ga,0, host lattice;

Figure 8 shows the X-ray diffraction patterns of thin films

25 sputtered from a CdGa,0,:0.5%Eu target and annealed at the indicated
temperatures for 6ne hour;

Figure 9 shows the electroluminescent brightness and efficiency
for Ga,04:0.5%Eu,Cd thin films annealed at 800°C for one hour; )
Figure 10 compares the electroluminescent spectra (intensity

30 versus wavelength) for Ga,0,:0.5%Eu,Cd and Ga,05:2%Eu;

Figure 11 is a piot of brightness and efficiency versus voltage at



10 WO 97/ 02721

PCT/ CA96/ 00444 Figure 23 is a plot of brightness
and efficiency versus voltage at 60 Hz for an EL phosphor film
sputtered fromBa[err]Eu[err]Ga[err]dJerr] onto an AVX substrate
anneal ed under the indicated condition; Figure 24
shows the EL &@8%P#H spectrum for the phosphor "5 fil mBEY 23;
Figure 25 is a plot of brightness and efficiency versus voltage at

60 Hz for an EL gosfdien Ei Hé@lé@fﬂrfn@ﬂ?ﬁ Jﬂuﬂ@hﬁ@b&hh]ﬁh[fﬁrﬁ tapleus . ehso) 1
e

onto an AVX substrat e anneal under tohe i ndi cated condition;

Fi gure 26 shows anteamA\ehsubsirgte anbannealed at 95GE fonpne heymingin 10 Fi gure
25; ﬁ@% ficiency
versus vol tage at F'@bgl‘l—lg%‘f-'g\zsg%éhosp%%@; ?a%drtrgéggﬁ% hﬁom :

Ca[ er r] Eu[ er r | GH{lras,r Both aputiered fromAl, o,Eu, o Ga,0 swithstactt armealet! actoedihg to under
the indicated condit Fi gure 28 shows the EL

|
em ssion spect réh?m&"f%%d FRRARRS filns 15 of Figure 27;

Figure 29 is a plot of brrrqﬂr@@érs éBﬂ)t%ﬁ‘Bhﬁhtﬁ@@aﬂ&éﬁ?éfen&?%é?@
60 Hz for an EL phosphor filmsputtered from Ca[err Gaferr %ferr]

onto an AVX 0 Hz for Eisphespbobfimsanutigrashirom dedo of £omn ag dition;

Figure 30 shows & gl il S Hin diEEH AT %rtﬁé’@dl%{%ge%o%ﬁ?{dgfo?\&t film of

Fi gure 29; ss and
ef ficiency versus vol t ageFigure 14 shows ﬂﬁé)EHBn‘ilssioraspﬁtraOFooﬂ'rdﬁlmsfdf IFigure

sputtered rom err]Tb[err]Ga[err]Jerr] onto an AVX substrate
and anneal®d unde% the indicated condition; Fi gure
32 shows the EL emission F@E’é"IS@hB\%tﬁ@EL@ﬂﬂﬁ@r@Ep@émforafdhbgbﬁ’cﬁrfﬁmgure
31; ure 33 is a plot o tness and efficiency
versus vol t age dputtered from C@selT@od‘zBfoozﬁﬁzga %%@@Wﬁq%!sﬁﬁ'@mﬂﬂe@i%tﬁﬁrom
Calerr] Dy[err] {1&%5 err] onto an AVX substrate and anneal ed
under the indica cohdi ti on; Fi gure 34 shows the

EL emi ssion spectrumf or Figure 6 dpa piot 30 brightness and effEienoy yeBlis voltage at
Figure 351 ks @ péd) f-iz ?or an élg pruosp%or?m sgutfte'rga %%%Yc%f gf, osm Ua, °1t(=a§ 64 onto an
AVX substrate annealed under the indicated condition;
Figure 17 shows the EL emission spectrum for the thin film of
Figure 16;
Figure 18 shows the EL emission spectrum for an EL phosphor
20 film sputtered from Sr, EU, 5,Ga,0, under the indicated annealing condition;
Figure 19 is a plot of brightness and efficiency versus voltage at
60 Hz for EL phosphor films sputtered from Srp g, Tbg m;Gazo4 and
Sro6Tbp0sGa,0, on AVX substrates annealed under the indicated
conditions;
25 ~ Figure 20 shows the EL emission spectra for a phosphor film
sputtered from Sty 55T 04Ga,0, and annealed under the given conditions;
Figure 21 is a plot' of brightness and efficiency versus voltage at
80 Hz for an EL phosphor film sputtered from SrggsThg4EUg4:G2,0, onto an
AVX substrate annealed under the indicated condition;
30 Figure 22 shows the EL emission spectrum for the phosphor
film of Figure 21;

10
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60 Hz for an EL phosphor filmsputtered fromSr[err]Tbh[err]G[err]Jerr]

and anneal ed under the given condition;

Figure 36 shows the EL em ssion spectrum of the phosphor film ~ of
Figure 35; 5 - Figuré 37 conpares the x-ray diffraction .
patterns for W09702721 phosphor films sputtered from CT/CA96/00444
Calerr]Eu[err]Ga[err](err] onto AVX substrates and anneal ed at

700[err] C, 850[err]C and P@QE@23¥§abﬁt ol bAighthess and efficiency versus voltage at
Figure 38 conpares the x-ray diffraction patterns for thin filns

sputtered from $0kz for an[Er phasgher filnDsputtdred from BeybiE61G4,0q votccama¥Xed at

700[err] C, 800 e f QLT

Fi gt[Jre ]39 corrpg%é‘éb&té%?f‘?%‘?awf% '?‘Q’ﬁgf?é’?{"é'g’ﬁ@f or thin filns

sputtered from Ca[ err] Eu[ Eigufd24 showsires E] emigsiorf$pectrubsior theephasplopnneal ed
at 700Ef rra]{%, 758%53”] C, 800[err]C and 950[err]C for 1 hour;
Figure 40 %onpa 'SE WUYBcay diffraction patterns for filnms 15

sputtered from Ca[err] EU[Pfgh}éﬁé@éébﬁi%\;]bﬂigrﬁﬁé& %ﬁ&#&ﬁt&%@ér%ésaag? Izea' ed

- at vari ous tenperatures for our, indicating e cryst ation

t enper at ure for 60 Hz for an Elhphespines filml spuitered ftorrBaReih 2Gag0a 00tosBOAYXr | C;
Figure 41 is a pl hri d. | Ci . versus applied

vol tage at 60 H%u%)trr&% %ﬁégﬁh%ﬁ%fﬂﬁg'négﬁo%ﬁﬁp\ﬁfi | m sputtered from 20
Zn[err] M err] Si[err] CGe[ eFigufé 26 showstise BL Shrgsiont spevtiat fortree mprfilginsreal ed
under the . I ven condition; : Figure 42 is a
pl ot of bi? ght né:égu"?%s_éus applied voltage at 60 Hz _ for a red
emtting EL phosphor fi\ okl bPied pidt eFbAgHtREsd 4 Efiblety versLETbRidd &1 7 1)

W th no anneal i ng; Figure conpar es

eni ssi on spect r $0iz fandLmhasphasfilms sputtered fsom Qag et beGEaOs Onto AVX
20 o711 W[ 1] S o el ElunclP bl B, 1, 277l od ana

t he ot her not annea{re 44 is a plot of
brightness and EL effi ci eRigure28shews the EL emissigrpspetravfor thegshosph&rilmig f or

an EL phogphor filum s tered from 30 Zn[err]Mi[err]Gederr| onto a
Sherritt iﬁbst ré:ff&n%‘ﬁgliznneal ed under the indicated condi tion; .
gg ?0272 L Figure 29 is a plot of brightness and efficiend¢ versus voltage at  V\O

PCT/ CA96/ 00444 ©0 Hz for an EL phosphor film sputtered from Ca, gEU, 5,Ga,0, onto an AVX
substrate and annealed under the indicated condition;
Figure 30 shows the EL emission spectrum for the phosphor
20 film of Figure 29;
Figure 31 is a plot of brightness and efficiency versus voltage at
60 Hz for an EL phosphor film sputtered from Ca(,_sg,Tb.,_01 Ga,0, onto an AVX
substrate and annealed under the indicated condition;
Figure 32 shows the EL emission spectrum for the phosphor
25 film of Figure 31; .
Figure 33 is a'-plot of brightness and efficiency versus voltage at
60 Hz for an EL phosphor film sputtered from Cag gzsDY,01568.0; onto an AVX
substrate and annealed under the indicated condition;
Figure 34 shows the EL emission spectrum for the phosphor
30 film of Figure 33;
Figure 35 is a plot of brightness and efficiency versus voltage at
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Figure 45 is a plot of operating voltage necessary to maintain a
brightness of 12 fL in Ga[err]J]Jerr]:2%u as a function of tine, and the

bri ght ness as a function.of operating tine at 60 Hz and 400 Hz
drive for an EL phosphor filmsputtered from -
Sr[err]Tb[err erriqerr] onto ah AVX substrate with fixed _5

vol tages as sw DETAI LED DESCRI PfT¥5fA%6{0044

| NVENTI ON As used herein, the term phosphor refers
to substances Wgoz for an EL phdsﬁl’nbbﬂi'n sputtared from S gTbps6aydganchannedied| e or
effective electric flel dis devel oped across them The various

el enents used i MNARE r}ﬁ'%&‘?ﬁ?‘?’lﬂﬁ“% t he new EL oxi de based

material s disclosed herei Fl P& B dRows i EiMefiEion spectrum of tB8 pRBEPHENTIIRE) |
silicon (Si), nmanganese (M zinc (Zn), europium (Eu), terbium

(Th), cerium (-Caf Figiye@5psi um (Dy), cadm um (Cd), strontium(Sr),

barium (Ba), calcium (Ca)-and SeQ ,15 NEW DOPED
GALL| UM(O DES EXHI Bl (T| N) E&E’Uﬁ%gé&ﬁfa’ iffraction patieras @EL

Fi | m Preparat i orphosphor films sputtered from C GHI0 £orite AV &Ubstratisi iRt €
m xt ures of Ga[g)rr]p err lea Aesar a'&[%EQOE;,R 99 999% and appropriate

anounts of rare anaea d(@]Ii’P 0 1%@&?}'3@1?@0%

Gaferr](ferr]:(0.01 to 15 At
powder m Xt ures %ﬁgﬁ% é@ﬁgrﬁg grxr yﬁfﬁ&‘f%@ appr%%ﬁ@ﬁgﬁﬁopant
oxi de(s) in the spetteretfrom SrygEu,o1@a, 0 onty BagiCaand anngateldat 708°¢, 8001Cr .

Thin fil wer e de ol i shed AVX BaTi J err] substrates by
RF magne{nﬁgn sp AN S:e@ggﬁé’afhe m xed powder 25 targets. All

substrates are a BaTi Jer Flgdwsecéofr@armheectﬂaycunfﬂecm pattaudefdnyhmﬂms
green sheet processing g to

Figure 1, a mul tﬁM&Sﬂé’ré"P"ﬂlQ?gsﬁoubwﬁﬁgcRmW substrates ﬂ%ﬂ? c?r 1

incorporate a B??B rf,@@' bmag@%@p@ﬁpqq{&,prl nted et al

el ectrode 14 and fina a BaTierr]| layer 16, 40 [err]mthick on the.
surface of 30 el ectrodfegum40mmmar¢s e x-ieydiffraetiorop@iains far s por at ed
"ot e BaTEO | Meputtersd from ULy GBLOPU IR YRR £ and BridRiGa Be cesi T ed

di el ectri
13 vafibus Témperatures for 1 hour, indicating the crystallization temperature for

PCT/ CA96/ 00444 e fatur ependence and ot her
properties. The Bf &9&?&#"35%%”?8“%8 éla“d%ﬁgs&deposi ted by sputtering

which was effected with apgur/d1d¢a pidt oibn?htness and effitierty eetBEppiitdr
bet ween 200-250[err]C in_an at m)sgher e.of 10% %er r|j i n
voltage at 60 Hz for a green emitting EL phosphor film sputtered from
20 Zn, osMny 0,Si, 5Ge°504 onto a Sherritt substrate and annealed under the
~ given condition;
Figure 42 is a plot of brightness versus applied voltage at 60 Hz

for a red emitting EL phosphor film sputtered from Zn, ggMn 0,Si; sGeg 50,4 with

no annealing;

25 @ Figure 43 compares the emission spectra of two EL films
sputtered from Zn, gsMniy4,Sip sGe4504, ONe of the films being annealed and
the other not annealed; '

Figure 44 is a plot of brightness and EL efficiency versus
applied voltage at 60 Hz for an EL phosphor film sputtered from

30 Zn, ,sMn, ,,GeO, onto a Sherritt substrate and annealed under the indicated
condition; and
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argon and a pressure of 10 niforr unless otherw se noted. The substrate 5
hol der was rotated in a planetary notion and the filmthickness variation
was | ess than 10% Typical phosphor filmthickness was 4000-8000
A. The sputter deposited thin filnms were either annealed in air at
600[err]C to 950[err]C for * one hour or not anneal ed. A transparent
I ndi um ti n oWQeT/@2IZ0) top el ectrode | ayer 20 of RfRGARA44)| 5o
deposited by sputtering. The EL brightness was 10 -measured with a

Mnol ta LS-100 | uninance pigirr4s isla sibf bﬁpﬁﬁﬁir@vdﬁbé necessary to mamtathed by
t he Sawyer-Tower nethod. Em ssion spectra were taken wt

conmput er - contr obm@ratnm Tuiben £3720 280k as a function of flﬂRte]d thﬁ brightness 1.
Ga[err]derr]:

el ectrol um nescenceu?ﬂ?)n o ogre%aépg t1m ?tc@)ﬁg%dqwq%dﬁﬁqgﬁfgﬂjpmggl on

was obt ai ned. Bfilmgsputesed WomaggsTbﬁ,zaazammeanow)dsubsime with fixed nade from

thin fil wth fmnal ositions Ga[err]Jerr]:2%u at a thickness of
8000 A ar& showk® qgeﬁl?ﬁtﬁ@ The corresponding efficiencies for these
Cfilns are shown in Fi gure 3. The results clearly indicate that the

t hreshol d vol tage, 20 Verr I ncreases with increasing annealing

t enperature. Except for twL D DESCRIP INVENTION®S, the

bri ght ness and efficiency, 8i ' anneal L
tenperature as well. The %gp I TTu aﬁ‘mﬁﬁrﬁeﬁ'gﬁﬁéﬁ}%ﬁ%‘°a%&é%s Which” to
be | ower than 7&hibit e]e@trolummescence when a suitable dteﬁwtmti él‘écmtfietm|spat terns
of Gaferr Qerr{d: 1 %u, thin fil osi ted on Si and anneal ed at
vari ous t'bnper atigyeleped @c@ﬁ%m? ‘%5’:0553 e"ﬁgﬁ”ﬁ?qwthe PrOdUCt'OB@ﬁ[I'@r
anneal ing the t Qi Hii bxHevBEsed inbleri@ROdisdloséy Rbralr .héraae gaﬁwda?w err] C t he

thin filmwas essentially anorphous. It was not well crys ed until
anneal ed germaniumdGe), sIpondBh] manganase (Nbammts(lmgge'gprunhe&u)x here is
no obvi ous corr e

crystallinity Oférﬁl{gp@'hI),ncefnlup”g(?eﬂg%yy&?&lﬁranﬂ: OBH’%R% é@h E@ Spec t)ra of
Ga[err] ( err] : 2b@riumt{Ba), fcalcisn OaearidpraseodymtiumuPr). t enperatures are
conpar ed |5n Figure 5. There is very little difference in the

14 WO 97/ 02721

PCT/ CA96/ 00444 py NEW noptn@p.ﬁtswomes'éxmsmhs ELEGT yu i ng
again that the em ssion of Eu[err 'S very mnuch ependent of t he
host lattice. TBEHAVIOMRnNtors' know edge this sur prising behavi or
has never been ZnS: Tb is a well-known exanpl e of
an efficient ELﬁﬁfEé’fﬂ%‘gﬁ%‘gphor with a size-ni smatched dopant, 5 but

good crystallinity is knopgrgepmbterialfweriedntimate miktirgeorGaj0.qAifafAdshr,i N ZnS-
rel ated pgbos phOQQ 999%) and appropriate amounts of rare earth (RE) oxide dopants. For the
Ga,0,:(0.01 to 15% RE) where RE is Eu, Dy or mixtures thereof, powder
mixtures of the Ga,0, with the appropriate dopant oxide(s) in the desired
ratio were ground together in a mortar. Thin films were deposited on polished
AVX BaTiQ, substrates by RF magnetron sputtering using the mixed powder -
25 targets. All substrates are a BaTiOs-based ferroelectric ceramic made by
green sheet processing (AVX Corp).

Referring to Figure 1, a multi-layer thick film stack was
manufactured to incorporate a'BaTiO;, underlayer 12, a screen-printed metal
electrode 14 and finally a BaTiO, layer 16, 40 ym thick on the surface of

30  electrode 14. Impurities that are commonly incorporated in the BaTiO, in
industry aliow the substratés to have the desired dielectric constant (g, =

13
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The notabl e increase in the em ssion I ntensity above 700 nm at
anneal i ng tenperatures higher than 700[err] C appears to be correlated to

t he crystallinity of the thin filmof host material Ga[err]Jerr].
As will be shown |ater, this 10 em ssion is due to the .
[err]-Ga[err]derr] host al one. ' : The B-V curves in Figure 2
show t hat deviVW@87/®731h as- deposited and | ow t enper aPEGFEAPAE4| ed

t hi n phosphor filns have |arge clanp voltages, or ' slowrise in

bright ness near 9bwmO)! fehisEhatutt déSeridePde ahll dtfdt Prépditied THRVY with
Ga[err]Jerr]: 1% :u t)hi nfilm spﬁ?et ered ian a ga;ﬁr%pxtltejre ofﬁr?‘%)pgfgraﬁr 1asnd 5%

Nlerr] in 15  Wa$ geposited bysmtterng whichawvas gffected with e 2tUSsopatal C for 1
hour , t t o A
TnGal errl Oterr] B g emperature bfRRH 008G H an Bifiobftferd by g% 0.in,

substrate and t hargoh@ndrpressyrerofifmaTion uhiess Dtheraise ridied. ST sUbREate

of the B-V curveha'a wel |, data not shown. . 2. Ga&rtlarr] Jerr]:M (M
=Cr, Ce, DY) 20 hoider was.otated in agRjanptarJngiPneandine imdhiginesseriatiopwas f or
the [err]-Gal err 6k &dnl 10%STydidal phosp orfilrh?ﬁi@ﬁnééfsﬁ%({bgfw.lef@ there is

essentially no EL eni ssion observed due to spectrum
of Ga[err] ( err]SPufier degosiied thimfilmasvara githert argatad ihEirat§0010@e 950°C for

“whi ch ' % N d 5% '
and | P e b hoR pARSAIRE & rabena Rl REin 07 Pude U 1ed elecrprdr oo
eni ssion in bot hagér 20 ofm%ﬁswbaaiseldﬁpobmbpbptﬁf:eriﬁé. TR ECHrihiress Gl - E
as we ag .l n err er, : 19 , See_ - I gure an IS us
clearly dﬁQ to t 335!‘#1%%“{'%_@ @f%ﬁé—%‘é??}%ﬁ@‘ﬁ'jnaeég{ EL sftciencies weree. | t
is worth noting mBaurddbythé BawyBATENESHEMod EniBSioh QPQ&ttaeWB@' %k&f\ With a_-
Cr ribute 0 the Fr2-

phot ol um nescence spectrumof GJerr|Jerr]: was at

4/2 t réamapUteneersrolled SREX 8ARE spegtuameter. characteristic Cerr]
em ssi on, .especiﬂ%émtg he 30 sharp RL (690 nm and R2 (697 nm Iines

reported in the fluorescence spectrumof Ga[err](Jerr]:Cr (see
L. P. Sosman, T. RbGat®gFEuO. Nakanura and '

15 . _ .

pCT/ croe/ 38444 Vo 97Bsighberange red electrpjuminessengs (Blr) dharasteristicwthe |

Sci. Lett., Vol. i - - - ' L
ci. Lett ol . Eg™ emigsion] Wag SbtdidétP BrighAéss Volt?glek(eBI ?/‘P&g.ﬁ'gést gf'dé\}?é'esE

spectrum The lack of Celerr] em ssion Wwas ver_t%/
exi stence of st JPpge EaMdhin filmsyyithuaorainat camprsiionsdG#:6):@% 8y atra dhickress of

em ssion . : - . i

contrast with i t%OOﬁOSR Le ag%vg'?gf muﬂ%%gﬂ‘ﬁ%ggb%'ﬂégggﬁh ﬁeriﬁ%%f B@Sﬁé@}‘s

speci mens wher e are shown in Figyre i3c The desuliselearlyindivateshdtthe threstoldvskayesd
even at reggmtenper. N . . The of err]Jerr]:Dy
i s much vvggker %Hﬁ%ﬁ%%sr\f'& Kerqasing anpealiag temperapure.%ﬁcgpggi[t%a%-o not e
that, even w th deppshéd tHiofilhes) Hieblightness &i@ EMLRNBE Inchitb)with decreasing’

codoping with eurcr)_loi Pm a sharp threshol d behavi our can be observed
annealing temperature as well. The optimum annealing temperature appears

to be lower than 700°C.
- X-ray diffraction patterns of Ga,0,:1%Eu thin films deposited on
25 Si and annealed at various temperatures are shown in Figure 4. Even with
800°C annealing the thin film was still poorly crystallized. Below 700°C the
thin film was essentially amorphous. It was not well crystallized until annealed
at about 1000°C. These resuits suggest that there is no obvious correlation
between the EL properties and the crystallinity of the thin films.
30 The EL spectra of Ga,04,2%Eu thin films annealed at various
temperatures are compared in Figure 5. There is very little difference in the

t he
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10  which was absent in all devices without europium In fact, efficient
EL has been obtained only in Eu-doped Ga[err](Jerr]. These results
suggest that europium is playing a very significant role in the
charge injection of these EL devices, probably through the.

i oni zation of Eu[err], which could exi-st partially in

Ga[ err] J err wapr0213 3. (g[err]Jerr]:Eu, PCTICAG6/00444

X-ray diffraction patterns of thin filns sputtered froma

QdGal err] O er r] jify shapdlal waltds HR RALtA! intidahinki BobfRs wn i n
Figure 8. The t Eél a‘?ms were al so anorp h'ous wﬁgn %nnea ﬁ%"%rﬁl?s@ﬁ err]C
in ai rxs Wqumehdipmpawﬂt@epsq laphice.sTEo theesineéniers! koowledpéa ¢hibi gh

ot ect od was [ oPHPriERRIRPEERL s Rever tBen EBSEdbaiohi"28s Rk el n. 1 i n

filmonly as a deanple ofuerefiidiemteEly(gleen)iphosplor wrthaSIze riie frrtdey dd{ﬁﬁt of
CdO"” The XRD patterns. in Figure 8 strongly suggest that

Cd- doped Gu[ er r P4} 8999 cryststipily-isknawritorks 'ﬁ‘ﬁ’%‘??%'ﬂéh?ggﬁerﬁpé Uéﬁbllninﬁhan

Ga[err]derr]: 1% H‘WB*% ared with those in Figure 4. 25
Bright EL was a ta Eﬁﬂewth Ga[err]derr]:0.5%u,Cd thin fil ns.

The brightness and effi chna::yotahleainmreas@h[mme]n@[ss'om Jntensityiainold 700irm &t | ms

anneal ed at,. 800[ err one_h JRN air sho F ure 9.
Aera! exists ana0pHisgdemBeraires Higrar Sratifont keprareo b BitHlated b
Ga[err] g err] : OchfkIifAY oftise Gl BT diPost MateA G0, SASWill be shown latbf) thisgur e
10. The relative intensities of peaks at about 5 655 and 700 nm 30

vere subst®int i aPmjssiRmiseduerts the8@ea.L OOE AlPR®. 5oEu, Cd. These resul ts

strongly SUgHERLY clReSHh FIRREE sRbwARAH BB Wil §s-hBpabifbl
al t hough the anmount of
16 Iow\termeremveannealed thin phosphor films have large clamp voltages, or

et ot ot er v et eecyeroPyaZh SSBE W eashole. & g o Elgygp 5 A0wIc8™ ©

substitution of vﬁtheG@QﬂMEu thimfilnd Ssutiergd if & g8 nixtoR TS % 10,tdmd 52%INsShon
spectra v cod | ng robaﬁégwggq st a ver conpl ex
associ atibh of laFQprEuT“??"#e_F Bannea PR af f'l%’é’e? jo have a

sensitive to th%hé?ﬁeﬂtﬁ‘ﬁfdh vﬁe%@efalzma,osbeﬁer |ayer(~1ood Rk Befwsdii tHE
It I's wort noti ng t t um nescence

Ref to F ,
|§v2|r2' 219 tge 't)%@tﬂ@saft&ssrptqmmemmmr%ayerama@ﬂe ineApes e hapress hose

of G| 9 V, %?mt‘he Eu[err] concentration is
much | ower in t%z{ ecﬁ‘%fédrvgég%ﬁ 8&?%% ts of cadm um doping and the
activator (Eu[eﬂc]GangrMcthqu; CenDyh the 10 EL properties are worthy of

L‘ﬁgsgﬁ&i ?(SHT :3??-}[ :\l(();ns. Even though C@' isan |cPeca'=}llD gopéar‘wl[ I§A|1h ']:3 Eéﬂ |_}fxo%'ﬁ‘ll'nl'ATE

terms of charge and size, there is essentially no EL emission observed due to
Cr*>.The EL spectrum of Ga,0,:1%Cr is the same as that of Ga,0,:1%Ce,
which was sputtered in an atmosphere of 5% N, and 5% 0, in argon and
annealed at 950°C in argon. A deep red and near infrared emission in both
25 cases has also been observed for Ga,0,:Eu as well as in Ga,05:1%Dy, see
Figure 7, and is thus clearly due to the emission of the B-Ga,0; host lattice. It |
is worth noting that a similar red emission in the room temperature
photoluminescence spectrum of Ga,0,:Cr was attributed to the “T,- “A,
transition of the Cr**. However, characteristic Cr** emission, especially the
30 sharp R1 (690 nm) and R2 (697 nm} lines reported in the fluorescence
spectrum of Ga,0,4:Cr (see L.P. Sosman, T. Abritta, O. Nakamura and
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ELECTROLUM NESCENCE BEHAVI CUR Fil m Preparation: 15
Comrercial high purity SrCJerr] (999, BaCO38 (99.95%, G@a[err]Jerr]
(99.999% (from Al fa-Aesar), CaO (99.9% (Aldrich), Tb[err]Jerr] (99 999 ,

Eu[err](err] (99.9%, Prierr](err](99.99% and
Dy[err]err](99.99% (from Rhone-Poulenc) powders P%[Wd I n
appropri ate rU@Pye27Bd fired at 1000[err]C to 1300[err]Cin-dir - 26

hours to formthe desired phosphor powder. The conpositions of the typical
20 . phosphor Mﬁm%‘wamﬁqheﬁmdﬂsﬁn@mmi tlléq:sps Japim (1995 wias Tablﬁ
1. T

e e etron  SBoS fie EAESE o e 13 Br BESSsBn ek V3R it b <

substrate, as shuBxistenEd BHEEDIE CERInRF NS desnred ce™. FHe W"éﬁnfs?féngun

Sputtering was carried out at a gas pressure of 20 ntorr to
thin filns measappesred@sowothsogdbands at +480cants80) nrﬁxmeqmntrashwﬁhwtse

i ndi cat ed, the SBU er| n&rﬁ;{lrm here uaI consi sts. of S%err] and 95%
ATt PRetoliminRSGAt Ao, SPacif i RAWIE SRESHBOS YNER been used
when sputter| ng coMPRcated fi fne stru&ibré&mé Hdepsbzened eveara rﬂérhfié’rﬁﬁéraﬁfrbs as an
effective charge ensator and si gnlflcantly &roves the EL

bri ght ness of the result |T@e§ of Ga,Pu:Dnis t¥aaker emSathEwitital ed at
between 600[ 1 I hireRidfhn g&})ﬁ&e%& L?%Jnh%;gmawgoncemat dprsm%%onéf peflE8RDJ! N9

on the phosphors, 000A
was grown by RFoﬁammnm@wntb eutapunng sharpftbreshaldtbmemr can bembserved

pCT/ caos Waas WA wdt & &tin fll davicas, without auroniymIn fact, eEicient El has o e

shown in Fi gur ebéen obtained onl{)n Eadtipetd'G4,Dsr THes8Feslilas f that europlum

The Eu doped material s were@i)regﬁr ed with about 1% Eu an wer e
sputtered in a # REWNe ayerysianificant raig indhe chaegedniestionqt these Ebfeviges; ci ency
5 versus VObP@dHBhFﬂ'\W&g?\ Rk i&0z4tor! GTELERIWHIEH &g kiRl (F e '] :
phosphor post - anneal €d at 950[err]'C for one hour in air is shown
in Figure 11 an®aRfe¢EBL eni ssion spectra for two films post

anneal ed 950/qer, OO[err] C are shown in Figure 12.

Tb doped ﬁ%terl g?sé%ﬁegﬁzél%?épar ed with between about 0.1 %to 10 about

4% Tb. The EL per f or manceXaay Gifrattiongatieaiscofthinflims spGiéred fionh ar r |
Sputtered in o err 10% N.err 85% Ar at nosphere and ~
post - anneal ed atcdﬁﬁ?f)e'gu]t § annealed at V%r' qpﬂ)pgrqtur&s e SP'QWB B hown in

Figure 13 and tipgquiems ?ﬁé‘ﬂﬁlﬁl'f'ﬂﬁs Were BissEnitphous when aﬁmméd BelWETGRGYR | N
Figure 14. It is worth noting that post-annealing in

si gni ficantly i @ bospinah&dEa, By Phasewas observed in the h@fétqmaiﬁ% intensity
L o er2.  or BB FHE T chy SRGROY O ol b Buio o
Thus cadmium existed in the thin film only as a dopant_ very likely due to the
decomposition of CdO. The. XRD patterns in Figure 8 strongly suggest that
the Cd-doped Gazoazo.s%Eu,Cd thin films crystallize more easily than
Ga,041%Eu when comparéd with those in Figure 4.
25 Bright EL was also obtained with Ga,04:0.5%Eu,Cd thin films.
The brightness and efficiency data for Ga,05:0.5%Eu,Cd thin films annealed
at 800°C for one hour in air are shown in Figure 9. There exists an obvious
difference in the EL spectra of Ga,0,:0.5%Eu,Cd and Ga,0,:2%Eu as shown
in Figure 10. The relative intensities of peaks at about 580, 655 and 700 nm
30 were substantially weaker for Ga,0,:0.5%Eu,Cd. These results strongly

suggest the existence of cadmium in the thin films although the amount of Cd
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the overall em ssion | ook bl uer. The Tb and Pr doped
materials were prepared with about 4% (Tb + Pr) and were sputtered .
in a mxture conprising Ar:Nerr]:err] in the ratio of 17:2:1 or
Ar:(err] in the ratio of 19:1. The EL em ssion spectrumfor 20 .
Ca[err] Th[err rr]lGaferr]Jerr] ‘post-anneal ed at 850[err] C for 1 hour in
air i s shown Ws{ﬁo ;2]1 Figure 1 5. PETCA0M4Y £y
doped materials were prepared with about 2% ' (Tb + Eu) and were
sputtered in a iginotknewsonprising Ar: N err]:Jerr] in the ratio of

17:2:1. The EL performance and em ssion sp ectrumfor 25

Ca[ err] Tb[ er r ] Eu[ er r ] Ga[ dhejiepieraqii %frﬁﬁt éﬂécﬁ'-i nansopatin &qa great pyangimple] and
85% Al t h t A
r-atnosp eéxfbstrtutlon of tﬁga“ﬁgﬁ TRE Q%?\kefg:%g?%ha?@%[rﬁ 'il'H&ns% QUL I n A

are shown in Figures € noted
t hat - red, greerwﬂmﬂ:dB‘] MOpmlwobampsuggestlahﬁery complex asspaiatioruaf the Butat t hi s

Phosphor <5 30 1of wi 8BS Rk ha 18 S83EHA m oe estorert offermputten [ |

about 1% Eu andnke cadmium. \RefETing 46 Fajupe 9i R r@ﬂor‘lﬁ nolisg tHat Reduttitestendd: 1.
For Sr[err] Eu[err%‘ga%err err anneal ed a
18 2:0.5%Eu,Cd f lms are comparable with those of

PCT/ CA96/ 00444 G5 0.:2%Fu e%ﬂ [tlgcﬂghqhé ‘Erus’lca?'f&%trét'br?‘fsrmﬁéﬁelﬁzﬁﬁr %ﬂrg%ﬁﬁ}r

spectrumis shown i Fi g
mat eri al s wer e phepleds Oﬁrmdmlab'tﬂqprmn@tmaetwator (Eu*) quncenttatien en gt t er ed

dat f
ISP[glrjrng g(r)r]]( r%erér']]e%?'ﬁ[f@wﬁr elésﬁpﬁ@fer?]aerr] are sﬁ(r)vvn in

Figure 19. The EL spectra for Sr[err]Tb[err]Ga[err]Qerr]
post - anneal ed |6 Ar re.shown in Fiqure 20. |t worth noting
that hi gher annBhNEMY,DQRER ALKALINE; TH(%UI-@'TEWEEQR%EXH'B'T'NG

eni ssi on peaks BHEGIBQLUMNESGENCEBEHAVIOYB ] and
[err] D err]-[ erFijm[Ryeppratiamsi tions), 438nm ([err]Dferr]-[err]F[err]

(Lorr) ot a1 - [or Rl er 1] OoRPEIR highiadrky sreos (2R, BsOdk 888 BRO: <ol our
mier 1l s vore et S 1 LR S o (T T e S tor ec
in an Ar: qerr]&%e@gt%ée(gﬁ@g@%mﬁu{ 5 (99.99%) rﬁ'@rmﬁﬂ‘{%gﬂ%e'& FIPONAES | on

spectrum for Sriygfd thiket & ébﬁ'ébﬁét@]r@%@éﬁ& il 4tl1000%¢ t@rm?bqﬁ air for 2- %6 at

950[err] for 1 hour in air are shown in Figures 21 and 22 respective

is to eurs ¢ frm the desined phesphion pewdenThesopipesiings of tuprnalng r ed
green anggbl ue ﬂf’f’os&r}gg g@@ Sunds and thexr fiR g%ﬁgﬂ%gﬁ %%Ifs?énc% .Qﬁ%mdgégﬁn& rs:

The filnms were pro sput I'n
19: 1 and anneal pimesphar podersvwgse G.ﬂen7p)@[ssed @ placed 0 2 2ripch RiF magnetitine EL
per formance at for.Ba[err]Eu[err]Ga[err]Jerr] post-anneal ed at
850[err]C for . 18‘2%@?3 gun). o :

An AVX ceramic substrate, as shown in Figure 1, was placed 4

_ cm above the gun. Sputtering was carried out at a gas pressure of 20 mtorr to

25 grow thin films measuring 4000A to 9000A in thickness. Except otherwise
indicated, the sputtering atmosphere usually consists of 5% O, and 95% Ar. it
is worth noting that 5-10%N, gas has also been used when sputtering some
Th-doped phosphors, where nitrogen acts as an effective charge
compensator and significantly improves the EL brightness of the resulting

30 film. The thin films were annealed at between 600°C and 850°C for 1 hour in
air or Ar depending on the phosphors, and a layer of ITO (indium tin oxide) of
~2000A was grown by RF magnetron sputtering to form a transparent top
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20 is shown in Figure 23. The corresponding EL em ssion spectrumis

shown in Fi gure 24. -~ The EL perfornmance
and em ssion spectrum for Ba[err] Th[err]Ga[err]Jerr] sputtered
in 5% Jerr], 5% Nerr] and 90% Ar at nosphere and post - anneal ed

at 950[err]C for 1 hour in Ar are shown in Figures 25 and 26 25
respectivel y.WO9I02721  4) Ca[err]Ga[err] Qerr]: RE Phosphor ECT/CA6/00444
The Eu doped materials were prepared with about 2% Eu and wer e
sputtered in angékrdiz. Thelcehpidtbd d8vide strigwufds drershowfan Faguratt, 60 Hz for
Calerr]Eu[err]Ga[err](Jerr] post-annealed at 600[err]C, O[err]C and
850[ err] C for 1MHeaGaCh:RE Phogphorsiare shown in Figure 27. The
correspondi ng EL em ssio . | . | GUb t is
worth hoting that the EL BEREHHesBenaR s bropared ity aio 56 EtFand

19 were\8Pultéredidin 2lmixture of 5% O, in Ar. The EL brightness and efficiency

PCT/ CA96/ Q0444 : am)rphousaga{ err] Eg__[_er;,] Glerr err] thin film
whi ch is 8nneal @ISYR VARIESURYES 3t P04z Tor Gose=to.sGa, L o pROSRRGF post-annealed
The Tb doped majiejgoabSoMEhenBlirGRRiIGE shbivA ifPgtiFe #70R8 tREEL emission  VWer €
sputtered in an Ar:Jerr] mxture of 19:1. The EL of

Ca[ er r ] Tb[ er r | Giffestrajiay] tmorfjimg@ost annealed\at-860° G and E007E«aneshowmn igtitigres of 3 -
fL. at 60 Hz. 5) CaGa[err]err]: RE Phosphors:

The Eu doped rra12éri als were prepared with about 1% Eu and wer e
sEutte{ed in Fm A]r: qerr}Tbrdoﬁedrrfeatleﬁalgzvﬂere“ﬂ'q:jﬂdthbemee‘r}:abmltwl%ltg for
the Ca[err]Eu[err]Galerr eLr I | msputter I n 10%) err]-90%\r an
post - anndQl ed a?b%"*[% Tbg-%ﬁ é”pFﬁof’B?m% #E 4?9"2-}%,9&@1@%94 spHttsred e 29
and the EL em Ssi.qh, 909%°N] & BS%Aratmo_sE)hét’@% pdit-BhaeaiBd #P950°C for 1

The Tb doped materials wefe prepared with about 1% Tb. The - EL
per f or mance andh@ifiin airen Asparetshomwnrio Figuse 188nerithe Tarespqrding:EL jealissien il m
sputtered in 59RR- 1009 = < R : f 1 hour
R s o Al ool S Shébait e 1. ERYerdRARHafbod nBalndn A

The Dy doped nesignifiearstiyimpeoyasdpa Bt drightriesa laswelllassttebeglative intensity of thever e

sputtered_.in an Ar:02 mxture 9: The EL .garf-ar pance and 1.SSi,0n
spectr umqlsor t h@uﬁgﬁ@‘ F]"Eiff’g a ?éﬂ[‘@ %qu e'Pranf ﬁ"'n’? § B%P?'g?%ﬁr}' Yvﬁ'rafd%kes
Jerr]-90% Ar ae overall emissidaddolepinggl ed at 850[err]C for.1 hour in air are
shown in Figures 33 and 34, 20 respective

ely. 6,
Srlerr]Ga[err]Qerr]: Th Phgsphdnd Prdop d materials were prepared W‘hbaw&%ed

material s were pePprPshd\were FedifpalpxAiE comprising AMRLS, FMblrafieef i n Ar.
The EL performanhce for the Sr err]Tb{err_}hGaéerr] Jerr] film
e

17:2:1 or Ar:0, in the ratio of 19:1. L emission spectrum for
20 Cayg s Thy P02 G2,0, post-anneaied at 850°C for 1 hour in air is shown in
Figure 15.

The Tb and Eu doped materials were prépared with about 2%

(Tb + Eu) and were sputtered in a mixture comprising Ar:N,:O, in the ratio of
17:2:1. The EL performance and emission spectrum for

25 Cay g Thy01Eug01Ga,0, sputtered in 5% O,, 10% N, and 85% Ar atmosphere
and post-annealed at 950°C for 1 hour in Ar are shown in Figures 16 and 17
respectively. It is to be noted that red, green and blue peaks appear in the
spectrum so that this new material is considered a white phosphor.
2) SrGa,0,:RE Phosphors: .

30 The Eu doped materials were prepared with about 1% Eu and
were sputtered in an Ar:0, mixture of 19:1. For SrygEu,01Ga,0, annealed at
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sputtered in pure Ar and post-annealed at 850[err]C for 1 hour in Ar is
shown in 25 . Figure 35. Thus, Sr[err]Tb[err]Ga[err](err] is quite -
efficient as an EL material. It is al so quite notable that this
material exhibits significant EL behavior as deposited wi t hout
post fabrication annealing (19 fL at 60 Hz, data not shown). The
EL eni ssion sPeW@Mfor the filmi s shown in Figure 36. PCT/CA6/044 o
confi+rmation by X—ray di ffraction: The x-ray diffraction

Clbstrate and LS ‘5’5[131"%8%‘2?‘%@%&%?‘é‘???%‘%%%%‘@f”&‘?f@‘?é"'w“ o A

20 WO 97/ (ThgZTb doped materials were prepared with about 2% to 12%

hat Cacal or ] T2PPY e ShlerdH mﬁure%b“ df@ § prdggeCaRySoieny S480°

or t hor honbi ¢ f ofomSHfETb3IGES), eﬁd&f 4[a?'érs]‘r@rvnTﬂﬂE:gure 19. The-H1aY
diffractiagn patterns for the SrJerr|Eulerr }qo{e”] err] thin filnms grown

on BaTi O &rr] Srectrafondhdmnafieads BOst-anealsd ie @ﬁ%ﬁ%?‘f"]‘@%'ﬁb‘@%@['bisr] C

f i h
S Gal er 1] 0f or 11720 [RATD ﬂﬁ@mgf‘s'?’??%?%‘ﬁ Rl §Rhehct the
950[ err] C but eemlsmdrspakstat 480nm( 3eFH"@carmlrs[)eﬂ'{Faltnaoaltloﬁ?.)Maanmes F,

anneal ed ai var TR SEI (PEFaRehshoRy afd AR o, el WCTERkh IR o1 g

the crystalli zapverall émiss@drawﬁm Ibok bluee as shown in Eiyima@md i s between

700[err]C and 750[err] C re 40 shows the x-ray dlffractlon
patt er ns ¥or Ca[err] Eu[err"]eéqﬁ'i"iI Feydopeq "E'?f?ﬂa'ﬁ“f% Pﬁﬁﬁ?é%ﬂ with 2boukd%ous

t t th d
oA o (LR TE) B ek ShuGiR 1} AR h b SpeRy e compoun

Zn[ err] Si [ er r ] CpérionTance rén}i MSW E)(rﬂirBJsTbJ\JQEuoE1Gazo4 post-annealed

ELECTROLUM NES

Syl vani & phosph8le5aat (PG ar are shpymin T RE 2t gt aggectvely. itis g o
wi th 99. 998% pube nted thar thisperoviees aShiftdphsphorcdntainingaed agrésl @ndBHlue

pure MO powder a ratio appropriate for

Zn[err] M F”err]SPf%ﬁ]Ge[err]CIerr]. The mixed 20 powder was ground
together using @ gagh ~REPHSESPHoPsANd pl aced in a 2 inch RF
magnetron gun (US gu “The films were deposited by sputtering fromthe
powder nixture. A ceram cThﬁfHF@MW@F%MrMSPL@&U%W@ ArPemixtyrenel ei n as

W Sipos et arg SRBGIPngERge bRl oI AL TR EEY S, 432, 1)

was pl aced 4 cnpélﬁonnancelabﬁé Hzfer BapBugl, Gpi0 ; post-apnealed ah850tifasdt hour a
5-10 m °'do at o t}\%(:v% in anure 23. The corresponding EL emission spectrum is shown in
Figure 24.
The EL performance and emission spec{rum for
Bag g4 Tby 0:Ga,0, sputtered in 5% O,, 5% N, and 0% Ar atmosphere and
post-annealed at 950°C for 1 hour in Ar are shown in Figures 25 and 26
25 respectively.
4) Ca,Ga,0.:RE Phosphors:
The Eu doped materials were prepared with about 2% Euand
were sputtéred in an Ar:0, mixture of 19:1. The EL performances at 60 Hz for
Ca,04E U0 0G3,05 post-annealed at 600°C, 750°C and 850°C for 1 hour in air
30 are shown in Figure 27. The corresponding EL emission spectra are shown in

Figure 28. It is worth noting that the EL performance is the best for the
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- 20% Jerr] in argon for about 1 hour. The substrate tenperature was about
240[ err] C and sputtering power was 100 watts. The sanples were then either
annealed in vacuumor in air at between 650[err]C and 700C for 1 hour or

not anneal ed. For EL neasurenents, an indiumtin oxide |ayer was
subsequent |y *30 sputter deposited onto the surface of the film

Resul ts: WO 97/2721 The conpl eted device is si nPEHEAHO444 o ¢
showr in Figure 1, _ 21

WO 97/ 02721 amorphous Ca, g,Eu, sGa,0; thin film, which is annealed at 600°C in air for

PCT/ CA96/ 00444 except that the conmposition of the ceramc |ayers
12 and 16 (Fi guPB@PUL.s not BaTiJerr] in the case of Sherritt

substrates. Electrol um nefes goed P%?e;tfag% glér%%rtega[%d vgmgbgﬂltgﬁ%?b@ndsmv"s

the characteristic brightness and e .
green-enitting Wefespdtdngein 3r5AfE, midefeof 190 €Thed EEDLf Gay|,Th, 8850 wasire 42

shows the _ 5 data,of a red-emttin devigce. The red-emtting
phosphor i% ano?”ﬁgu‘g't’f)?max'mmeb” i'ﬁfg%bf"ﬁr%{&e’%-and is stable in air up

to 600[err] C. Thpcatajo):RE PieSpHarsal © shown in Figure 43.
Manganese is known to substitute far zinc in the host lattice in
manganese doped zi nc si | i U@ g doped materials were prepared withabeutrids iuandar e

comercially ve el .4 1: er.r or 15 fL)
o Tore are’ uselSre FEitred i 2 ARRL AIREFEOFS1 e £L paRofRaRleldn fiPfor o,
conpar e favour ate/CajghEulaGay, fitrm spatteretiin 16%0,+80%Ar fespostiipnealed at
Serans ofd O VB8R RR Y @ Ja el Ts RO bt Fighh 28t B £l SRuio spdcurim s
Devi ces were al sRowRfEFiglreB@rritt substrates using 15

Znferr]Ge(err]: M (x=0)with_the same procedures. The M doped materials
were prepar ed wi the Hedaped matrrials wens prepamdwithakouwtd % Topiibe er ed

in a gas M’ S | r Ih, t a of between
5 to 20% ont o EL Héﬁ%e;ﬁté@?s@aﬁfeeﬁ @qggh\%e%%?'s‘?-@ﬁf‘lga I‘Ptﬁﬁ'g 600[ err] C.
The filns were sputteredih 5%N,-10%0,-85%Ar aad posicanneated ati 50T Cfor dlhobr inght ness
and efficgigency t 0 | Figure 44 for a 2% Mh doping. The
bri ght ne§s§and g?@?%%ﬁ%@“‘/ﬁ@ﬂ’ée} %f@”d 32, regpeélgﬁéi | er than those of the
Bixed S: ;ng cgrrpoung& Agmwbo yﬂ@pé§m2ﬁ1§m$ prepared wiltvhrfl\ﬁbéﬂ:taﬂ.?% DyWaherr] C,
ut cou e dropped t err]C far Znlerr err].; if a | onger

anneal i ng tine Mége _reig{arg ﬁ‘Lge "@WFP&%"&?@S%% Wlifﬂ”ﬁ%@ﬁe anekemission
response exhi bi ggéctAunToFitha Cal, DS, BaO Hifnyspiteradtin TokE OREDOK Ar dRINJaNese,
25 i ndicating that a rgﬁégrgsre S?ané%{%f_ Wh i s Betme(e)% about 0.5%to
about 4% post-annealed at 850°C fpr.1 ngur ip alargsiewsin figurew 83 and 34,

nomencl atag e or rdiNedfiy used herein to identify the new phoshor

materials is not to be Interpreted as : limting in any way. For
exanpl e, the peBiOnGyO,:TbFthesphorsti on has been - used in

association with the dopeg op) |, Ul Qe QIRONEAS e v Cabdut 4% 1Bland

were sputtered in Ar. The EL performance for the Sr, g, Tb, 1,Ga,0, film
sputtered in pure Ar and post-annealed at 850°C for 1 hour in Ar is shown in

25 Figure 35. Thus, Sr, 4 Tb,1,G2a,0; is quite efficient as an EL material. It is
also quite notable that this matérial exhibits significant EL behavior as
deposited without post fabrication annealing (19 fL at 60 Hz, data not shown).
The EL emission spectrum for the film is shown in Figure 36.
Phase confirmation by X-ray diffraction:

30 The x-ray diffraction patterns for Ca,goEu,4,Ga,0, thin films

grown on AVX substrate and annealed at 700°C, 850°C and 950°C for 1

20



30 necessarily the case that the rare earth dopants substitute for

~galliumin the host lattice, while in other conpounds the
i nventors believe substitution :
22 WO 97/ 02721 : .
PCT/ CA96/ 00444 occurs and the stoichionetric fornmulas have been
used. WO 97/02721 It will also be understood by t RoUEAW MM | 1y
the art that the al I owabl e ranges of concentration of dopants in-:

the different in Ei j ' d FEMHi pend
on the sol ubil ﬁ%y' be?nw thH%urgO%éﬁbﬁlah@Er% mggteﬁtgﬁgg?gggg t%%éig% e a
series of five i$welierystaltizes ingrthgrigmmei¢ éorn| ehen ennedlguhat above 85076 dhe

prepared in which n% 2%.,. 49 9 %@gnd |

prepared by spd‘fﬁagrq#{\é/gﬁ?rbﬁq%éggogt@? éﬁ‘t"%ﬁgﬁéag?ﬁgﬁb Iggﬁ saé gl 9N BalPsabove.
The sputtered findnndaldd stMoBRC, 860 and!pS0TC 16t% harare shew oFigard8s,
honogeneous, single phase filns exhibitin -ﬁm.b_eha_\_/‘i our V\:Bi | e f'igl m
sputteredd10 WwirehseRf@stEaifbe Sﬂﬁ?tpll@%r%% RS TR wognanpeelRdAtear | y
vi sibl e I+ R | LRIt r Péihéi Hence in
this case a QSOGCG&JS%%?( h‘%.“??t%f’ﬂ%’?fé@? Ba Igﬂttdﬂgg' 15/’%"6 I'n ?fr;]ég:'tibn

Sr Ga[ er r ] g er r |pditiests floaCal, gEuj galxtthindines anmealed at various temperatures are

reasonabl y cont | at e..t hat, EL_behavi.or i i D '

phosphor s i scIT8A EiTR 3o mestat Py ik o glcth teiberdufe fr B 1
- correspondi ng t@nigRiNEqs BBiweehy7 00ACEHMAX50° 02 Fitppa 10 (shipws the eayrost .
Those skilled in the art wll understand that

he EL .
charact efPst i c<idractior PERIES Fﬁ‘?fr%auéuow&afowmiﬂl%ﬁﬁﬁ ﬁ@"‘%aé?q.xﬂﬁ Yar%Sr ange of
the d 3&%@4&2@3{' inR26RE He &gbialiSoflieraiiero Bedpadpisbet veen

dopant ions na e prefered concentration of dopant

i ons for maxi mbetweenyBONEE and@50°C. and ef fici ency. This phenonenon, known
as concentration quenching, results i n decreasing brightness and
efficiency for doping concentrations beyond a certain point within

the solubility ¢) NEW Zng8i,GE30,iNve PHOSPHORS EXKIBITING! dopant

concent r i ons pOECTROLMSMINESCENCEBEHAVIOURES . I'n
the case when tpgy(sHap) f'atida'n:a host lattice conprises nore 25 than one
or do '

el enent, the criteria pi ng ranges invol ve the above

considerations as wel |l aSyvaniapisespbor 2282 whichrie a@pwieaatébSiBeMnaas
d t .of. dif 1 cal ' ' h03 ,
noever, it wi | g Wi S5558% (RS ERE odcor T G, Ao PhUIhARS A SO,

more than one cpgrasMad!powties iri @ eatio appropriate derEm pMrl,gi82GeqxQ,. e mixed
si mul tanegusly i ntroduced into a _host lattice an e

t hat 3 EL b
obt ai ned 4% om eBeWARS; Wa$ ground togetherUsing 2 mQrtay an pggﬁ%gné)Blaced n a%xﬁh oduce
a spectrum of iI'RFeRSEAStroRIIHRIYEMD! TRE filyherRhddpbsied b sputtetirig feom the

powder mixture. A ceramic dielectric substrate (also referred to herein as the
. Sherritt substrate, described in P. Bailey, D. Carkner and X. Wu, SID'95
, Digest, p. 484; and United States Patent No. 5,432,015) was placed 4 cm

25 above the gun and sputtering was carried out in a 5-10 mtorr atmosphere of 5
- 20% O, in argon for about 1 hour. The substrate temperature was about
240°C and sputtering power was 100 watts. The samples were then either
annealed in vacuum or in air at between 650°C and 700°C for 1 hour or not
annealed. For EL measurements, an indium tin oxide layer was subsequently

30 sputter deposited onto the surface of the film.
Results:
The completed device is similar to that shown in Figure 1,
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23 WO 97/ 02721

PCT/ CA96/ 00444 - of the spectra obtained from each dopant species
when separately i ntroduced into the host lattice.

It will be appreciated that sputtering has been disclosed herein

as a suitable neans for producing 'the-phosphor filnms. During sputtering,
the 5 coMBY2T8n of the sputtered filmwill deviate fr

conposition of the source material formng the sputtering target.

This occurs duegtdepbiritt tﬁeeécﬁmssntxcn of the cetaitmauayé\@ N2 apaabf (Fijuedt§ isastween
the different el enents being sputte erence in the

di ff
sputtering yiel dar 'Sbt‘ﬂﬁlﬂr\cq @fgmggb%tqﬁgqummeawce was observed
t t
000 Pl ot 0T ot PRI AL sREBER SrdraelisRibiriedeitd fficiefiey daeidrey | 19, 02

Initi present 1n € sputtering
target. -1t w || gieen-emitting Zn,%&zﬁi@@to,@y\ﬁuaevmb,aand Figsre 42 shaws thes ar e
Iim'tedi magnltud such that . t he rQ_ Il ms do cr stalllzeln
t hose cry g?tﬁ@? G 8§'GW!H'@H Efdevee Jhe red%:‘mw.gr?&pgalpqrdggp%})
fromthe tar getx-?éyrﬂiﬁ‘ﬁédtlbﬁ%nd is stable in air up to; 600 C. The enhistibh ERQ&¥§ eC' at ed

by those skilled i'n the art that while t fabricatio the new
el ect r ol uni nesceéhawipindsigwer43. Mangasese !WOM@SMMG for zinciia e biestcr i bed
usi ng sputterin hod, ot her nmet hods
known to those %ﬁtﬂ% r?ﬁarr{dahgéé)é%’@cfﬁhb% trs met hods of fabrication

i ncl ude el ectron beam deﬁmalresultslaeeonmﬁrarallpnerydseful aslbrighinesses of
depositiq V, evaporation cul ar .beam epLt ax sol gel
deposi ti o |rgyand B?&glﬁg @b*gﬁl) ﬁ@éﬁ%ﬁfyﬂﬁ’ﬁ?‘ gl i%/ Jyt" tion a few
Various thin flbf@lﬂh@éﬁ%tdbhrp%rélmuréwmribh hmahéé%sé&ahed in the best ZnS
applications incl ude‘%tg'err SION, Alf[err err BaTi J err]

BaTa[ err] O err] gresn@ WineBasnteyices reported to daleappisciopes i H) Ohnishi,
Snferr]Jerr], gﬁgﬁﬂiégs@rﬂ]ﬂg %ﬁrat eY[err] Jerr], Siferr] N[_err] Si Al ON.

These may be use S in the present invention by
depositing onto gl ass, siDeviaes \merecalsamadebn Sherritt bgtvsteatesusing nment i on j ust
.a few filnms _on ce es, also be
TS it ZmGeO R it e pABegledec T Vi PR Rl T
using BaTi C3 thprelpafed with between abdiue %cio'8% Mn atdvwerd tpu:ieréd in@gas ceranic

substrates may al so be used. The ceram c su be al um na
(A [err]qerr]y) USROS AT With Qzé&fhﬁ{é"SﬁPg}ze%’&enssttwazq%WPﬁaf Thi ck

dielectric fil @u&ira?@sThéltsa Ed bet%’éh Qoerd: to 60WPE. Phetkilrhs wBkd bthéuiéd in t O
mention just a few, rmay al so be used
24 either vacuum or air. Typical brightness and efficiency data are shown in
20 Figure 44 for a 2% Mn doping. The brightness and offi iciency values are
smaller than those of the mixed Si-Ge compounds. Annealing temperatures
were also 700°C, but could be dropped to 650°C for anGeO4: Mn if a longer
annealing time was used. For these germanates in which x=0, the EL
response exhibited a maximum in the vicinity of 2.5 mole percent manganese,
25 indicating that a preferred range of %Mn is between about 0.5% to about 4%.
it is to be understood that the nomenclature or notation used
herein to identify the new phoshof materials is not to be interpreted as
limiting in any way. For example, the percentage doping notation has been
used in association with the doped gallium oxide compounds since it is not
30 necessarily the case that the rare earth dopants substitute for gallium in the

host Iattice, while in other compounds the inventors believe substitution
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Vari ations of the EL | am nate dev

configuration will be readily apparent to those skilled in the

An al um na sub
electrode is d

Al ternatively,

strate may be used onto whi ch the | ower conductiv

f#r and then the outer transparent 5 ROTHA680144
a conductive el ectrode contact may be deposited

the back of a tductle arid fHektéicRibffetrid forhiulasihaeb ®eBRIBE4AI onto the fron

whi ch the phos
el ect r ode.

phor layer is deposited followed by the outer conductive
it will also 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

10

15

20

25

30

the oxides. For sxample-aseries-of five targets comprising SrGa,0,n%Tb
were prepared in which n% was 2%, 4%, 8%, 12% and 16%. Films were
prepared by sputtering from these targets and annealed as disclosed above.
The sputtered films with dopant levels up to 12% were observed to be
homogeneous, single phase films exhibiting EL behaviour while film sputtered
from the target with 16% Tb was inhomogeneous with clearly visible
precipitates which exhibited poor EL behaviour. Hence in this case a

| solubility limit of about 15 % Tb in the SrGa,0, host lattice is estimated. The

inventors reasonably contemplate that EL behavior is exhibited in all new
phosphors disclosed herein in the range of dopant concentration
corresponding to the solubility range of the dopant(s) in the host.

Those skilled in the art will understand that the EL
characteristics of the phosphors may vary within the solubility range of the
dopant(s) in the host lattice. Electronic interactions between dopant ions may
determine the prefered'concentration of dopant ions for maximum brightness
and efficiency. This phenorrienon, known as concentration quenching, resuits
in decreasing brightness and efficiency for doping concentrations beyond a
certain point within the solubility limit such that there will be preferred dopant
concentrations which give optimum EL properties.

In the case when the dopant in a host lattice comprises more
than one element, the criteria for doping ranges involve the above
considerations as well as the possibility of energy transfer between dopants
of different chemical elements. Notwithstanding this, however, it will be
understood by those skilled in the art that more than one chemically distinct

i ce
art.
e

eposited foll owed by the. high di el ectric constant .
mat eri al , thewﬁﬁg

ont o
t of

dopant element may be simultaneously introduced into a host lattice and that

EL may be obtained from each distinct dopant simultaneously soasto
produce a spectrum of intensity versus wavelength which is a superposition
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25 ' WO 97/ 02721 PCT/ CA96/ 00444
[err] THEREFORE WHAT |S CLAIMED I S: 1. A met hod of producing
el ectrol um nescence, conpri sing; provi di ng an el ectrol um nescent
phosphor having a formula Gaferr](ferr]:n%E, wherein REis a rare earth
dopant selected fromthe group consisting of Eu and Dy, n%is the nol e
percent of REVYBQER! in Ga[err]dJerr] and spans the range IPETEAISMO444 d

rare-earth is soluble in Ga[err](err] and appl ying a vol tage across
sai d el ect r ol urdfiies SpEitraPBRSPBAKrom edeh doﬂht%bé&éﬁQ)hBﬂ’s@Eér%?él% device,
conpri si ng; a dielectric substrate, said dielectric substrate having

a conducti ng bdoloducegiintgdbe hiastiatiigek surface t hereof;
it will be appreciated that sputtering has been disclosed herein
as a suitable 'means for producing the phosphor films. During sputtering, the
5 compoasition of the sputtered film will-deviate from the compesition of the
source material forming the sputtering target. This occurs due to a difference
in sticking coefficients between the different elements being sputtered; a
difference in the sputtering yields between the elements of the target; and
incorporation of chemical elements (such as nitrogen) in the sputtering gas
10 into the thin film that are not initiallly present in the sputtering target. it will be
understood however that these deviations are limited in magnitude such that
the grown films do crystallize in those crystal structures, when annealed
appropriately, expected from the target composition.
it will be appreciated by those skilled in the art that while the
15 fabrication of the new electroluminescent phosphors disclosed herein has
been described using sputtering as the film preparation method, other
methods known to those in the art may be used. Other methods of fabrication
include electron beam deposition, laser ablation, chemical vapour deposition,
vacuum evaporation, molecular_beam epitaxy, sol gel deposition and plasma
20 enhanced vacuum evaporation to mention a few.

Various thin film dielectrics used in electroluminescent
applications include SiO,, SiON, ALO,, BaTi0,, BaTazbs. SrTiO; PbTIO,,
PbNb,Og Sm,0,, Ta,05-Ti0,, Y,0,, SisN,, SIAION. These may be used as
substrates in the present invention by depositing onto glass, silicon or quartz

25 substrates, to mention just a few. .

Thick films on ceramic substrates may also be used. While
many of the results disclosed herein were obtained using BaTiQ, thick film
dielectrics, other thick films on ceramic substrates may also be used. The
ceramic substrate may be alumina (Al,O,) or the same ceramic as the thick

30 film itself. Thick dielectric films of BaTiO,, SrTiO; PbZrO;, PbTiO,, to
mention just a few, may also be used.
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an el ectrol um nescent phosphor on a front surface of said dielectric
substrate, said el ectrol unm nescent phosphor being Ga[err]( err]: n%=E,
wherein RE is a rare earth dopant selected fromthe group consisting of Eu
and Dy, n%is the nole percent of RE present in GaJerr]Jerr] and spans the
range in whi CQO%\' fare earth is soluble in Ga[err](err]; JCA96,
substantially transparent el ectrode deposited onto a top surface of said

el ectrol um nescent phosphor; and means for applying a voltage-

bet ween sai d transpar ent Varigiiohsoefdha kil laminate device configunatiorewitidie reddily o

TreC el botrof umdnpeterieS bR kMBS e g AB At B3FERInS) 62 FSd ontc™

el ectrol um nesagith fHeolpMen toriductive bRepbde iS déposited faldwd HitHbhegh deposi ti on
fromG[err] Qechéé: nYEu, wherein n%is. in the range from%ﬁOl to 15% 4.
The el ectrol uni Efé'ﬁ'tc“ﬂét\?m:@a%@brt%? RB@W‘EI&‘QF’W%‘ thecuteriranspagentos,

5. The el ectr, 1 ; i RRERVE " [RE=V)R r£j i d

el ectrol u?n' nescﬂ%?tmg%?gﬁg{ra“?fy'aép osphggb I IL%H?%rﬁed?@?%%lﬁgtpgfﬁ%ieposi tion
from Ga[ er r] g entg thedyack of@ thickTrigiddlielecirisisubstrate craterial onta thedfeartrofli ng t o

Formi a Gaf err A% e Bfdsphociayer EhePoBiad RIHER RS Ty bulr SoRaRine o 0
percent anount eléctladepresent in Gaferr]Jerr] and spans the range in which

Eu is soluble in Ga[err]Jerr], and n[err]%is the nole percent anount of
Cd present i.n GaJerr](err] and spans the range in which Cd is soluble in

Gferr]derr]. 8. An el ectrol um nescent device, conpri sing; a
dielectric substrate, said dielectric substrate having a conducting back
el ectrode on a back surface thereof; an el ectrol um nescent phosphor

on a front surface of said dielectric substrate, said el ectrol um nescent
phosphor being Gaferr]derr]:n[err]%u,n[err] % Cd, wherein n[err]%is the
nol e percent anmount of Eu present in Ga[err]derr] and spans the range in
which Eu is soluble in Ga[err]Jerr], and n[err]%is the nole percent
anount of Cd present in GaJerr]Jerr] and spans the range in which Cd is
soluble in G[err]Jerr]; a substantially transparent el ectrode
deposited onto a top surface of said



phosphor; and means for applying a voltage between said transparent
el ectrode and the conducting back el ectrode to develop an electric field
across sai d phosphor. 9. The el ectrol um nescent device according to
claim8 wherein said el ectrol um nescent phosphor is a phosphor fil mfornmed
by sputter deposition froma CdGa[érr]Jerr]:Eu source. 10. The

el ectrol um neW@MWO2Fyi ce according to claim9 wherein the cBFECAWBH0444

28 nol e percent of Eu and Cd is about 0.5% 11. A nethod of
produci ng el ectrol um nescence, conpri sing: provi di ng an

el ectrol um nescent phosphor having a fornmula SrGa[err]J err]: n%RE wherein
RE is a raregearth OuUp. QoNsT 9] Tb and
combi nat i onsik her eof

SrG[err]Je®x], an B relfsol ubl e
I n SrGa[err]ﬁerr]; w

el ectrol uni n@scent Dr :
conprising; 2 dfegac"ﬁ-,: r afle havi ng
a conducti ng&ack ellecdr &fies '

el ect r ol um nigscent osphor

substrate, s&d ele
wherein RE i & a raref ear €h
Tb and conbi fations | hgr &f
SrGa[err]  eBf] and p8n§|t
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13. The el ectrolum nescent device according to claim 12 wherein said

el ectrol um nescent phosphor is aphospnor filmforned by sputter deposition
froma source material having a for rr]Ga[err]qerr] 14.
The el ectrol um nescent device acco EI“ “m‘nw'lﬁmﬂ wherein said -

el ectrol um nescent phosphor is a thsp ort me ormed by sp¢ricaosBRROSI tion
29 WHO228 our ce material having a formul a
Sr[err]Tbh[err]Ga[err](err]. 15. The el ectrol um nescent device according
to claimil12 WEHEREFOREBIWHAT IS CLAMEDSISeNnt phosphor is a phosphor film
formed by sputter deposition froma source material having a formul a '
Srlerr]Thlerr]Ga[err]Jerr]. 16. The el ectrol um nescent device according
to claim12 rei o} m
formed by eputper QUL fEHhg tEleEREgh GARRRE nkmid KB 1R partn
Sr[err] Tb[ er r |dopiant sél€eted rflrohqrmrgrbup cﬂ:ﬁsnstldg\ofeEwand @Iyun%neﬂﬁeemblemmahlor
havi ng the for rar arth dopant

wh RE
sel ected from ?WBW@B 'g'(r}{\ﬁéﬂg?t SEe ra?g%llgwhéﬁli]ssqg d® SOIRIE: eof

n%i.s the nol § Ndai@ph Hﬂ%ﬁéfﬂcté& Mﬁtfdﬁuﬁéé&e ehas the
range in whi chngélz%raarlebeg% hé are scgl Sb in CaGa[err]n&agﬁ] 18. An

el ect r ol um neseftastive|oliage is eppfied aeiegs said PhOSPEOle el ectric substrate, said
di el ectric substrate having a conducting back el ectrode on a back surface
t her eof ; an el ectrol um nescent phosphor on a front surface of said
di el ectric sulatr atTéde phaisghert according to olaknémhqneiosaid)phmmgis deposited

CaGa :.NY t h, { th
o oup.const o |0 et Soree e aleleddis B, sl B PRI SUhSFHE havod ) o
percent of RE wmm% backsisafsde dhdatk suback HRM, 4 bﬁbstaﬁtmy tranybareht sai d

rare earths are soluble in CaGferr]|(err];
electrode deposited onto a top surface of said phosphor, means for applying a

voltage between said transparent electrode and the conducting back electrode
to develop an electric field across said phosphor.

3.  The phosphor according to claims 1 or 2 formed by sputter deposition
from Ga,0,:n%Eu, the phosphor film being annealed for an effective period of
time at an effective temperature.

4. The phosphor according to claim 3 wherein n% is about 2%.

5. The phosphor according to claims 1 or 2 formed By sputter deposition
from Ga,0,:n%Dy, the sputtered film being annealed for an effective period of
time at an effective temperature.

6. The phosphor according to claim 5 wherein n% is about 1%.

7. A phosphor having the formula Ga,0;:n%Eu,Cd, wherein n% is the mole
percent of a combined amount of Eu and Cd present in Ga,0, and spans the
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a substantially transparent el ectrode deposited onto a top surface of said

phosphor; and nmeans for &pp#w—ng—a—vm—t—age—bet vveen sal d transparent

el ectrode and the conducti | ectr lectric field

across said phosphor. ll!llw‘ull““luﬂllxu“m 30
19. The el ectrol um nescent devi | aim 18 wherein said

el ectrol um neN®O2F osphor is a phosphor Tilmfornmed by spRGHEFANEMEEI ti on
froma source material having a forimula CaJerr]Eu[err]Ga[err]d err] 20.
The el ect r ol UNraRELRRNIBF e SorsiRes dindiint & i) AITLBMREIRILINELD, sa

el ectrol um nescent phosphor is a phosphor filmfornmed by sput dep05|t|on
from a source RBPERHQIIChAEARtSTized brmlﬁﬁztmiumpéeer]cewymn@@[fec;twpqoﬁage} is 21.
The electrolu ing to claim 18 wherein said

el ectrol um ne&gﬁﬁﬁﬁérg%%ﬁﬁ)ﬁgﬁﬁﬂgsphor filmformed by sputter deposition
froma source material having a formula Ca[err]Tb[err]Prlerr]Ga[err](err]
22. The el ectrol umb_ﬁes ent device according to claim 18 wherein said

el ectrol um nes8ent ARRNar @cgondinesterRigime i wheredt seig pigseiartis depokitedsi t i on
froma source Bpics fraht élﬁ-récﬁgaf% Jn&%&ir'xl:%ugé’t?ﬁériaw Ef‘eﬁéétﬁé’kz?ésrtﬂa?@h%% Jerrl

23. A nethod of producing el ectrolumnescen
provi di ng an eregdudingfiask elastrods lepspback Suaiacay‘ne{eot)arwbatantlally transparent

oroup. cons ot | RsckpoeHRERald Faiato8 st G oERARY. Meend o prpviGla:

percent of RE pol@gs‘nbetweeﬁ%séh{tmnsbéfan electroge aﬁﬂ@ﬁ&c&ﬂi&dnﬁ?ﬂack Blethbgd said
pp

rare earths ar&a bI e | err errd] and ying a voltage
across said el ‘BRTFH@ ﬁ@ﬁ said phosphor.
9. The phosphor according to claims 7 or 8 formed by sputter deposition

from Ga,0,:n%Eu,Cd, the sputtered film being annealed for an effective period
of time at an effective temperature. |

10.  The phosphoar according to claim 9 wherein n% is about 0.5%.

11. A phosphor having ihe formula SrGa,0,:n%RE wherein RE is a rare earth
dopant selected from the group consisting of Eu, Tb and combinations thereof,
n% is the mole percent of RE present in SrGa,0,, and spans the range in which
said rare earths are soluble in SrGa,0,, said phosphor characterized by
electroluminescence when an effective voltage is applie-d across said phosphor.

12.  The phosphor according to claim 11 wherein said phosphor is deposited
onto a front surface of a dielectric substrate, said dielectric substrate having a
conducting back electrode on a back surface thereof, including a substantially
transparent electrode depos_ited onto a top surface of said phosphor, means for
applying a voltage between said transparent electrode and the conducting back
electrode to develop an electric field across said phosphor.
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24. An el ectrol um néscent devi ce, conpr | si.ng' —a dielectric
substrate, said dielectric substrate having a conducting back el ectrode on
a back surface thereof; an el hosphor on a front
surface of said dielectric substrat eé‘mﬂm“mmmw nescent phosphor
having a formul a BaGa[err]qerr] nRE, *

31 WRSTITRIRE is a rare earth dopant selected froRET/EAIM0sD
consi-sting of Eu, Tb, and conbinations thereof, n%is the nole percent of
RE present ing §aGafﬁéPL§I orrlace&a;nanar&a.ﬁ@%ran@erorrp?&’a*gaut%@r' bgfignear ths

are soluble in BaG[e a subst ant rans ar
el ectrode depﬁemaeaownemaiemaimaymigfaamnura s&hstarmatb)spwen by@r@jagEuomGaz(]ngans

for applying a,v e 32‘{} I the

conducti g bRt B wibtelET R Bl ApeaRaIpE A Blrect Bt B8 2R
phosphor. 2gffectiVedemperiturel um nescent device according to claim24
wherein said el ectrol um nescent phosphor is a phosphor filmfornmed by
sputter deposition froma source material havi ng a fornul a

Ba[err] Eu[err [ t ordi ng
o ol o m 24 wharoi nsangeer apedfing 2 et Tt B ST 67 Shufls UepBo By
formed by s pufrbma deyrceimatemalfhavingaa ﬁmmut&sumtantlaﬁy givem by@r@ngb%sGazﬂ4
Ba[err] Tb[err Eée[ t{ek? An electra nesce hosphor havi ng
Cho T of mil a CHBIST M8 BerseL i & anpeaieridPEnn S TR Rl ot BP Aty o pan

sel ected fromeffegtivertemperstne. sting of Eu and Tb and conbi nations thereof,
n%is the nole percent of RE present in Ca[jerr]G[err]derr], and spans the
range in which said rare earths are soluble in Ca[err]G[err]Jerr]. 28.
An el ectrolu esc | dﬂ;'JB te,
said diel ect ?P? sugg% ﬂSé’ Iﬁgw ng adc% d&ﬁ'g‘tsl“r? orlﬁ'&c@"ﬂ ?gg‘é%&on aé%'ggk
surface thereffoma source rmteealdtavm ajfnmula:smstqmeﬂpgwenw SxodeToypiGa40.f ace

of said diel eghtl&n the sputtered film is annealed for an effective period of time at an
effective temperature.

16. The phosphor according to claims 11 or 12 formed by sputter deposition
from a source material having a formula substantially given by

Srp.95Tbo 04EUp01Ga,0, Wherein the sputtered film is annealed for an effective
period of time at an effective temperature. .

17. A phosphor having the formula CaGa,0,:n%RE wherein RE is a rare
‘earth dopant selected from the group consisting of Eu, Tb, Pr and combinations
thereof, n% is the mole percent of RE present in CaGa,0,, and spans the range
in which said rare earths are soluble in CaGa,0,, said phosphor characterized
by electroluminescence when an effective voltage is applied across said
phosphor.

18.  The phosphor according to claim 17 wherein said phosphor is deposited
onto a front surface of a dielectric substrate, said dielectric substrate having a
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substrate, nt
Ca[err]Ga[err]Jerr]: n%R=E, V\/nereln RE is arar th dopant selected from
the group consisting of Eu and Tb Eﬂm{t hereof, n%is the nole
percent of RE present in Ca[err] Gak

32 ?‘&a@ﬁﬂﬁz}he range in whith Eal 'd rare earths are }ﬁ#%@“m

Ca[err] Ga[err a substantially transparent el

deposited onto a top surface of said phosphor; and means for

appl yi ng a vol dorgictiei be&sHeledtiredd 60 a2k elifacs mtéﬂdﬁcmamgtéﬁmmﬁmyi ng
back el ectrode to devel an el ectric field across S Ehos hor . 29.
The el ect r ol unf#NSOREAM ode deppsited ?T&Ota&%lsélffﬁ?% P i 'geans for

el ect r ol uri nesgNinpBARRAES efvabrikRs ﬁaﬁé&a‘réhtreiéafd@cbmhé %h%f‘ét QR L1 on
ter er

‘froma source having a formul a err]Euferr] Ga[err]

The el ect r ol undlaetsedento deyelapeameleotrigifield a@roes aalmmsmr ein said

el ectrol um nescent phosphor is a phosphor filmfornmed by sputter deposition
froma source material having a formula CaJerr] Th[err]Ga[err]derr]. 31.

An el ectrol uniq@scerte RBP&cdbrihg So Elafné 97 BHH 8 férafer 19y sdutler Hepo IR

wherein REis a rare earth dopant selected fromthe group con5|st| ng of Eu,
Dy, Th and coniﬂ?"ﬂétﬁ%ﬁ%e rgtariab havinga fermyla sybstantiallydivan by CameBras@aiOi n

CaGa[err] qerrdme@wmé&?ﬁ&eﬁéaermeaﬁn Aledfdrh éffacg éﬁo@éft‘irﬂéa%‘éﬁ sol ubl e

in CaGlerr]gerr An el ect ro um nescent conpri sing;

a dielectric sﬁmlvatqnp@awedu el ectric substrate haV| ng a conducting

el ectrode on a back surface thereof; : an el ectrol um nescent phosphor
on a front surface of said dielect ric substrat e, said el ectrol um nescent
phosphor bei ngzmaGatlwpﬂﬁpabrécWngela&hmRErHsfmﬁeﬂmjmﬁkhddp@ﬁm

: | ected f h t th f,
hobTe The ol drolB ek oR Rl hauda e oria EupeARIp YN b bgasogﬁé‘ine@”e"
~range in whi chyéreth tha'spuefdd iimas AnAGaIE8 k& drierferiod B éﬁ&&%ﬁﬁrpé at an

substantially transparent el ectrode deposited onto a top surface of sai d .
effective temperature.

21.  The phosphor according to claims 17 or 18 formed by sputter deposition
from a source material having a formula substantially given by l

Cag g Tho.0aPro2Ga,0,4, wherein the sputtered film is annealed for an effective
period of time at an eﬁectiVe temperature.

22.  The phosphor according to claims 17 or 18 formed by sputter depos:tlon
from a source material having a formula substantially gwen by

Cages Thy o1 EUp 01 Ga,0,, Wherein the sputtered film is annealed for an effective
period of time at an effective te'mperature.

23. A phosphor having the formula BaGa,0,.n%RE wherein RE is a rare
earth dopant selected from the group consisting of Eu and Tb and combinations
thereof, n% is the mole percent of RE present in BaGa,0,, and spans the range
in which said rare earths are soluble in BaGa,0,, said phosphor characterized
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phosphor, and 33
means for applying a voltage bet w.eem.t el ectrode and the
conducti ng back el ectrode to devel - %Mﬁuj‘lel d across said
phosphor . 33. The electrolum negﬂﬁm“ m Bording to claim 32
wherein said el ectrol um nescent pht I +s & phosphor filmforned b

' P th P CTICA%/DOMYt

sputter deposWOi#HPE™®Y om a source material having a fornul a
Calerr]Eu[err]Gferr]Jerr]. 34. The el ectrolum nescent device according

to claim32 rfdctrohfthi Eéé?fc%r | EREH; ﬁ]é?? hiSd acfysesalper film
formed by sp\tlj\{ﬁyee?é(greposlﬁfl on r\'@{rﬁﬁ?ﬁ;ourcgér‘{gte |§qulgla{v?ng a %yrborrul a
Ca[err] Th[ err pBagphar] J err] . 35. The el ectrolum nescent device according
to claim32 wherein said el ectrolum nescent phosphor is a phosphor film

formed by sputter deposition froma source material having a fornul a

Ca[ er r] Dy[ er r b@a[ eThé hospHor ac8érding® «4ifc23 whersimeaid phibsptiords deposiedi ng
the formul a Sr[errgGaLelg{Hq%rﬁrA,_: noarb, ereig@a_"/ i,s the nmole Ber_cent of Tb
and spans t he FENBEFONHSYIHAEP "FMGI plEaten F&‘??@F‘éﬁtﬁﬁ gypga 37,
An el ect rol umcaRGaig ek cketoRBT £ bAd surface théred, idiiding & stitbmbtiale, sal d

dielectric substrate~having a conducting el ectrode on a back surfac
t her eof ; tramspareat elecirods depasited optma fposuriaceofisaisphasphoe means femi d

di el i b i d el | g hosph ' .
S Cerr] Gaf er r PRPUIG 8 y5fas® Gripeh RofiaISREREt sRRORE Aha 1 Bhousting hech s
the range in \Wedfdého uévaeFuhI@edtnc fielbeicrdssalafd phédprior.] ; a

substantially transparent el ectrode deposited onto a top surface of said
phosphor; and means for applying a voltage between-said transparent

el ectrode and dgieé Tne phosphor according to claims 23 or 24 formed by sputter deposition
from a source material having a formula substantially given by BagggEug5:Ga,0,
wherein the sputtered film is annealed for an effective period of time at an
effective temperature.

26. The phosphor compound according to claims 23 or 24 formed by sputter
deposition from a source material having a formula substantially given by

Bayg gs Thp0,Ga,0, wherein the sputtered film is annealed for an effective period
of time at an effective temperature. '

27. A phosphor having the formula Ca,Ga,0,:n%RE wherein RE is a rare
earth dopant selected from the group consisting of Eu and Tb and combinations
thereof, n% is the mole percent of RE present in Ca;Ga,04, and spans the
range in which said rare earths are sojuble in Ca;Gazos, said phosphor
characterized by electroluminescence when an effective voltage is applied
across said phosphor. | '

28. The phosphor according to claim 27 wherein said phosphor is deposited

onto a front surface of a dielectric substrate, said dielectric substrate having a
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34 conducting back el ectrodé to develop an electric field across
sai d phosphor. 38. The electrolunrnescent device; according to claim 37

wherein said el ectrol um nescent p phor film formed by
sputter deposition froma source ﬂﬁmﬂg E formul a .
Sr[err]Tb[err]Ga[err]err]. * ording to claim11

wherein %b i vaesoaeen 0. 1%t o 12% A method of prod RETHGA6/00444 '
el ectrol um nescence conpri si ng: prOV| di ng an el ectrol um nescent .

phosphor havin for %'
the nol e perce Ft' %%ﬁ@éﬁé#%é?{a%%&f?mm%&gb cfﬁ% an %Ilt\l/%a| |e!ssi n
t Ihe { anlge fr onrréhsrpare’rl]nt &!eﬁa'ode deposrtedaqn‘pib;a top sarface vhsaid pbpsphorsmeans for

el ectrol um nescent osphor | ec Juy NEs q:

conprising:  applyingayo BFQ%P?W?%? F’?ﬁ é 4% o%'ﬁ:{&e S’)ﬁbé@t&g bagk

el ectrode beinge éﬁ&d&ﬁ%é@&rw leceRifibldHErbas 84id phosphor. an

el ectrol um nescent phosphor 'l ayer located on the other surface of the
di el ectric subst rat e, said phosphor having the formula

Zn[err]Si[err] err ' -'
Zn[err]Si [err] [er "]%%QSP}’°P%’2“€§6?1?%$?§22 "@@%jt&g%pgﬁdbﬂ
vi'irl fs 11 n the fr?rﬂ@esddré&mﬁf tér]gar ha@igg alformulalésubsﬂaatralm giaeh byoa@m%eagos

el ectrode on a top surface of said el ectralunin t I d
neans for applWﬂg"hth@(ﬂptuge@defém§@"Eﬁ?'&dg‘l" @ﬁ%ﬁ@@&@%p @é%\{? Igger
to devel op an g#g&lgé&&nﬁé@k&ethrough sai d phosphor | ayer. The

el ectrol um nescent device according to claim4l wherein sai d

el ectrol um nescent phosphor is a phosphor filmformed by sputter deposition

froma source gt ertal having gt aHEh AL 97'd YalrBitdciby Spindrepbbitigher 1]

from a source material having a formula substantially given by Ca, ¢, TbgpsGa,0¢

wherein the sputtered film is annealed for an effective period of time at an

effective temperature.

31. A phosphor having the formula CaGa,0,.n%RE wherein RE is a rare
earth dopant selected from the group consisting of Eu, Dy , Tb and combinations
thereof, n% is the mole percent of RE present in CaGa,0,, and spans the range
in which said rare earths are soluble in CaGa,0,, said phosphor characterized
by electroluminescence when an effective voltage is applied across said
phosphor.

32. The phosphor according td claim 31 wherein said phosphor is deposited

onto a front surface of a dielectric substrate, said dielectric substrate having a

conducting back electrode orr a back surface thereof, including a substantially

transparent electrode deposited onto a top surface of said phosphor, means for
- applying a voltage between said transparent electrode and the conducting back
" electrode to develop an electric field across said phosphor.
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'35 43. The el ectrol um nescent device according to claim42
wherein said el ectrolum nescent phosphor filmis sputtered at a substrate
tenperature of about 240[err]C, said phosphor filmcharacterized by being a

red emtting phosphor. m u m cent -device accor ding to
claim42 wherein said electrolzl mm:lllﬂ;u'ﬂ Er filmis s a
substrate teWRPUHHle of about 2%40[°er ] C"anl ahneal ed at a %ﬁ@?r]c
for about 1 hour in vacuum said sputtered and anneal ed phosphor film

characterizeddgy bghagprasphéedtesfiing td‘élalP:{LO@PBPf! orméd by sy}ger deposition

el ectrol um nescent device according to claim4l wnerein"s
el ect r ol um nedme qghm@tenabhanmg a fiermsdarsdbsigntighy given hycGagiEuRiGa Om a

source, el | AngkBR R YL RH R  B RRAR S e

produci ng el ecffectivertengetratac:, _Corrprl si ng: “providing an

el ectrol um nescent phosphor having a formul a
Ga[err]derr]:n[err]%u,n[err] %d, wherein n[err]%is the nole percent
amount of EU piesemheiphoSBhaAceid o aaiﬁqsswsﬁeé fmed B9 %p s
soluble in Ga[err] CIerﬁrh] and n errq %I1s percelbgt g?r%t%ﬁét,géd

present in Ga[feam Beperae mamabm 8 lfmmwmg@astantwﬂv Giveadby GageThyliGa 0y,

Ga[err]derr] l.ect rol um nescent
phosphor. _yvl'?é?%n th?ﬁg'dﬁégapro %ﬁ\ﬁé%éf%@?p%%&ﬁﬁ%eé%@ﬁj ‘gt"&%ﬁtp? 1 si ng:
provi di ng an afffectiveotempenataceent phosphor having a fornul a
CaGa[err](Jerr]:n%E wherein RE is a rare earth dopant selected fromthe
group consisting of Eu, Th, Pr and conbinations thereof, n%is the nole
percent of RE 3y esqpk ghdshiRérd ¢ h said
rare earths are sol ubI ein CaGcgE)Fdl ﬁfcgélp]sa@ﬂoﬁﬁfb?mbafbysiﬂﬁérdébdgmoﬁ

36 from a source material having a formula substantially given by

Cayp 085DY0 015Ga40; wherein the sputtered film is annealed for an effective period
of time at an effective temperature.

36. A phosphor having the formula Sr;Ga,0,n%Tb, wherein n% is the mole
percent of Tb and spans the range in which Tb is soluble in Sr;Ga,0,, said
phosphor characterized by electroluminescence when an effective voltage is
applied across said phosphor.

37. The phosphor according to claim 36 wherein said phosphor is deposited
onto a front surface of a dielectric substrate, said dielectfic substrate having a
conducting back electrode on a back surface thereof, including a substantiaily
transparent electrode deposited onto a top surface of said phosphor, means for
applying a voltage between said transparent electrode and the conducting back
electrode to develop an electric field across said phosphor.

'38.  The phosphor according to claims 36 or 37 formed by sputter deposition
from a source material having a formula substantially given by Sr, 88100.12Ga,0s,
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appl ying a voltage across said el ectrol um nescent phosphor. 48. A net hod
of producing el ectrol um nescences—eonpri-sing: provi di ng an
el ectrol um nescent phosphor havin for Cﬁhl Gaferr](ferr]:n%RE

wherein REis a rare earth dopan”i mﬂ I he group consisting of Eu
and Th and co%%ons t her eof

ercent of RE resent in
Ca[err]Gaferr] and spans the range |n Wmch said raref 0444

soluble in CaJerr]G[err]Jerr]; and applying a voltage across said
el ectrol um nesﬁﬁék’élrpih@%ﬁmﬁéred fllﬁags anfediBt fercarpéffqutiod peritg of time at an
el ectrol um nescence, rising provi di ng an el ectrol um nescent

phosphor havi nﬁﬁ%i’“l"ﬁlt?ﬁ]l’ a@i@;‘a[err]Qerr] N%RE wherein RE is a rare earth
dopant selected fromthe group consisting of Eu,Dy, Tb and conbi nations
thereof, n%is the nole percent of RE present  in CaG\a:Lgrr]Qerr] and spans
the range in wh8.ch e phosphor sesarding 4o clairs db) €2 or 15 woemi 8Tl iS[hetwden and

applying a volta SS. S | ect rol uni nescent phosphor. 50. A nethod
Bl 0% 13 Bg@e ) um nes r.

of producing ef &, conprising: provi ding an -
el ectrol um nescent phosphor having a fornula Sr[err]Ga[err](err]: n%b,
wherein n%is the nole percent  of Tb and spans _the range in which Tb is

sol ubl e i n Sr[4¢-r] cpbesphor &aving “éﬁhf?"mu'a ZnSiGtOnliny wihergja nde isdhs sai d

el ectrol um nes tﬁ@} ry~havi ng
the forrmula Sr [B ri%er ‘Mn moﬁgél 1n ng%'ﬁe 1S @Ee Q&E‘Z@g@n‘P of Tb
al one or a conabm.ms%a.mvm‘fesTbﬂmmr&fmmospabeuttha saidlglaosphom ch Tb or
E g‘; conbined a alf"géteﬁ;eJ gy e[?actrgllﬂlmlnesc:se(r)u:é'J 8 &n'an e%FeGP\Le vollage is alvphed

across said phosphor.

41. The phosphor according to claim 40 wherein said phosphor is deposited
onto a front surface of a dielectric substrate, said dielectric substrate having a
conducting back electrode on a-back surface thereof, a substantially transparent
electrode deposited onto a top surface of said phosphor, means for applying a
voltage between said transparent electrode and the conducting back electrode
to develop an electric field across said phosphor.

42.  The phosphor according to claims 40 or 41 formed by sputter deposition
from a source material having a formula substantially given by
Zn; 5sMng 5,Sip sGeo 50, ‘

43. The sputtered phosphor film according to claim 42 being sputtered at a
substrate temperature of about 240°C, said phosphor film characterized by being
a substantially red phosphor. |

44.  The sputtered phosphor film according to claim 42 being sputtered at a
substrate temperature of about 240°C and annealed at about 700°C for about 1
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52. An el ectrol um nescent phoi&%%jﬂgg,mw mul a
BaG[err]derr]: n%RE, wherein 19 I'S the nole percent of Tb alone or a
conbi ned amount of Th and Eu an in which Tb or the

conbi ned anount of Tb and Eu aramﬂi‘[“m“my“l\tum err]Jerr]. 53. The

el ectrol um nescent devi ce accordifig ctotcl &i ni 2 wherein sai ws'l 0444

el ectrol uni n¥¥M Bnhosphor is a phosphor filmfornmed by sputter 3eposi tion
fromGa[err]err]:n%y, wherein n%is in the range fromO0.01 to 15% 54.
The el ect r ol uplERORHRLUAE $hidS pRREAIICArtDarre afé B SpRoIeT shatattésizsd BYO

- being a substantially green phosphor.

45. The phosphor according to claims 40 or 41 formed by sputter deposition
from a source materiai Zn,GeO,:%Mn, %Mn being in the range from about 0.5%
to about 5%, the sputtered film being annealed for an effective period of time in
one of air or argon at an effective substrate temperature.

46. An electroluminescent device, comprising:

a dielectric substrate having opposing surfaces, an electrode being
located on one of said surfaces;

a phosphor layer located on the other surface of the dielectric substrate,
said phosphor having the formula Zn,Si, Ge; ,0,n%Mn, wherein n% is the mole
%Mn in Zn,Si, Ge, 0, and is in the range from about 0.5% to about 5%, and x
varies in the rangé from O to gbout 1.0, said phosphor characterized by
electroluminescence when an effective voitage is applied across said phosphor;

a substantially transparent electrode on a top surface of said phosphor
layer; and

means for applying a voltage across said phosphor layer to develop an
electric field through said phosphor layer.

47. The electroluminescent device according to claim 45 formed by sputter
deposition from a source material having a formula substantially given by
Zn,Ge0,%Mn. '
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