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WD 2005/ 031047 PCT/ US2004/ 030803 SPI NEL ARTI CLES AND
METHODS FOR FORM NG SAME TECHNI CAL FI ELD The present

WO pwssioan i s generally directed to articl es heei/ng2084/030803
spinel crystal structure, and 5 includes articles

ncor por S HG SEAEHE o HEHOR FoR DR pete ! o

invention relates generally to nethods for form ng
such articles. Further, the present invention relates
n I ééo spinel materials particularly useful for

IE L) i cati ons. BACKGROUND ART Active

0 ptq@@ @&Bfl%ht%ndﬁgéh&ﬁ@ dirSddlo A8cldsinite £finbitchRE] FuQEESind
and | r diodes 10 oftentimes wll utilize
inclpges ?fP ﬂ’fw

g stihon bl talron ahe . SrYSerIBT epOaLe SRS n
additiaty, @fe pekent eendemtlaies gehdtaltyRo Sethddd g fdmink laeh baidlesd. \Fubiher, the

B AT e S A o

a direct transition-type sem conductor material havi ng

BAGKEROUNDARRT hat may be rmani pul ated over a fairly wde
range, on the order of about 2 to 6 eV. In order to

t al«@tlmle@t@ewdﬁmeh guch 9t bight-emitting diodes clFdshanddesprsiiqdess
ofte@fme WelDuti-d ﬁ&i‘é@bé@@ﬁ%ﬁlc&ﬁm&mﬁg REHicetaMve ‘T@Eﬁ)"f b ldSvice! BAYis

[
o i o ST o) . B SRt 9eq G b gt
havérRo ﬁtﬂysd Ala Idimetrakmtid)regzpeosfemiabrtdnd:tdenalfmsledvm@mamb pegbuieit tany be
mangp%ﬁa?eﬁ oél‘?r 2 fa v%ge r?h%: the or e? of a%? §ftor 4 e\} ypi cally has

pos erials as a nonocrystalline
Iayer such as by efltaX|aI growth, on an appropriate

s U8 Pidgrte takq advaniagpieidha epipelepirpictdhwaciqistics phweh midgyised
semtoh&mctm thdtérAR - 1B S8kkr519 aﬂe@&ﬁemta@fngk 3yakl. ISshidepagalitie generauy

a co tible cr r ormnfest th
not g e RRS e Snof filieaiie S Sised Sptoriel Bt e
Acchilingly, thithililsey typicdilyhad sougheto kimdsuniaﬂlﬁerla&l as a menpctystakiine layer,

sucl% Iﬂ{y @@gx%vﬁﬁ %P gﬂ(%pﬁltoplgﬁg SSI% s}ﬁgtre t 1sqfe51{e§ [n§ithe Sbo¥rate %Jl which the

crys a structure Is
mtr%@rbftszd semicprgueterlajenis deppsitgd has|asoraratible pryss steyofugss to magifest the

des1€édQ%@tlaNstrU&ﬁr§ h tﬁehi@-déiﬁ)&feﬁ eeliviMAydr Zivhe GEYSad-batd rﬁzﬁériéfs Ssuch as
rt has utilized nonocrystall %{]e al um na

Galy %Pflrﬁ%gf’a“sﬁéﬁb‘ﬂ Prerl ST aheTy SRt aPspl dededn F’?‘St‘ﬂ seibine i

wur@fte 2theetant Ave bRadep i dheffst bsidséy Matsiothadesirad vakien othBtabdiructure,
the arP rSIOI l{zile rtngno(c:rlryytglf 9 aiuo raqt? Hxl E?or% %f Ja?p%lre V\@umé hang mg cally
orleflhe@thrs mnlene@u.bstraﬁer sa\nbb)mk@de Empp@panmrﬁstallogmhphmf@e dlwlslch the

actlmglye?% h&ﬂ%bﬂéed aH&Le@évﬁﬂﬁnrg LAREA fopBimedR (Pﬁvbh’(ﬁ(@ ch;r @xample,
fabricate active devices. In this regard it

is
SIPRYEF 89°8 RPLPIURSA Glegtiee Pifes ﬂeﬂt g9 be Hesd Mﬁ@watﬁ ptige dexigpsy g regard,
it 1s@b@raﬂl§l A¢sFAbGo aicé thy @afeheiMio Qﬁl&adu@l&l@e]’(fdﬁﬁfﬁg ﬁt@y@devﬁ&y ¢aCkhaving a

substr by cl eav rat.her than by slicing.or .
co GG Bloctask TGy B Pl i e Seetogy Fing oo £ wpuscnuing
costa wtl maysingnlifypthd haputaberingmnetsact uri ng process. 30 In

contrast, materials having the spinel crystall ographic

stry G&Mﬁs@’ma!tefrlalgEévﬁ@ttl%Qplﬁ&QB@tﬁﬂo\ér mgﬁﬁan@tlf éﬁeﬁte@properly,
cl eavage pl ane, ection oF f;é e surface

demopstiais @ %‘faéerplffng tbee%@FcaP41 of highdn ‘lh%?“ffa‘ie(?f %516 Welenig geperally parallel
to amleaﬁ@e dnelohte Aitride hdliee lajaetr I Whthl|paytets prediftitldang edliablé Sevice

ricati,on,
fabxp ﬁ%tlont %te ﬁle gxg ? Igmbcalgsru er1or1tty 09 sg];nelcover s e[fplP O% % Punsl,béafa % ocesp mgﬁurdles

nunber of processing hurdles
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1 WD 2005/ 031047 PCT/ US2004/ 030803 exist, resulting

in somewhat limted economc feasibility. Wiile the
WO pabss510y7 has sought to cr eate spi nel substr aPE€FUBN0H030803

techni que known, as fusion, the so cal]ed
exist WF‘E‘%HIS"“’F’@&H}‘FP&% @on@ﬂ%ﬁasé?‘hti’ cWhi th iadysiey has poyght egrgpte
spird dubitiata$ by 4 techaigtia nownids, flamn hsio ttieaedlled IV cgleuil T eubeig &, Agh a
tecﬁlﬁlﬂpﬁéegéetﬁél afpc%f{?o Q{E‘ﬁ&ht f’d}l({ &?rgrg }trl%fglg: Ic)}n%gm ttén?pefjiusets have been
trachhie camnragitigenliphemagenciliesia thsforgiedigiule. cryst al | i ne spi neI

boul es fromnnelt-based process techniques, which

it nCTHHéﬁiﬁluit@Glbé’ﬂlﬂlé&fgh&bl ﬁéi'elaﬁsﬁél@crﬁs&'llﬁa@lsﬂn&‘ﬁb&k@ﬁ&ﬁﬂ{eﬁj‘éﬁsed
ecnni r "ie
Profeg R 3&@& Whl%gﬁ‘;gfd&g"rﬂi}fq&gsﬂ‘%ﬁ a&% e 4%208@%‘ fgphmique, among

oth¢rs. \ip swh knlelp-bAdgORARBBes, gehaa/llyragtoa:mofx@ﬁb AI20 Brypiedly DgOF AL, O,

havgnﬁ :Lﬂ Mg%efﬁ{(g \ém]it tﬁg 1:){5: %’R@{/ tg% Fx’maa[t qgtﬂ& r1:ha}1 tﬁgﬂe-melted tttaf iavolves

Tication on a

solidiffeatige en a spfl pusfagpe Whilp alsléaas%tecrhmqmg dayvelikore r@ﬁbmmmﬁoh the

creef%ﬁ) ot sﬁﬁlef-c@fstat Jﬂﬁwﬂs@bsﬁﬁt&aﬂhb PHoceRd is Rl Od1Pdi STeNIBloRbntd D btk frers
rocess i s rel i vel |ff|cult to

from &?ﬁzﬁ%@ﬁ%ﬂ eld Eﬁ dpeLeasing o5 1A ALon 5 Fey o 5991ip yrigds and
annedih@ periodNed @akt ng tCiemb® residnaladahdl indchanieat standad steexiréserg in
the Bc?urlés ?(gﬁ)wﬁig%gulg{&%a‘%l{)ﬁ néglc (%[)fmo q&esﬂnaé/l C arur51|1 gl % u%nd c?olmg gerlods

eérna ani c rail
Slgrpﬁ@sté/ripng, pifectingdhrpushpus sndflmretasm thgmbldluﬂ@t nd coshit In @ Simil@Lrednner,
the G;Q&Jdbcf‘egméaﬁﬁﬁe&n ?%g@luoxhel H3M¥iredd BFhoBR %xﬁgme%e ods

si gni ficant | 'ong, fecting throughput and
ProfesReseYt ng t her mal budget and cost. In a similar

manner, 15 the extended annealing tinmes, which my

r angil funttteo eten beyoudhitie mbtisivedyf highouecsssing oostshred daspietleaseautions
tak&r?%ﬁéxln o ﬁd&&% Sresidahl rhdohahidiSREE and%%f%@g@ O, bGtimes the

ative FOCGSSI ng costs an

walgs &seft Tff%b"“leﬁ E?R o spifer GiAm dudegirebly hish faalamrfé@swxﬂefsqqe@ﬁy lower
thalBBH AR 6Ads. Strain and stress in the crystal,

oftentines the wafers fornmed from boul es tend. to

S AR Ll S bBLL S et B
subgttates.fapg @Q@ﬂm@omq devices igporperatingd symel @s wWelbds liraproved prethvdsder forming
sandeProved spinel boul es, wafers, substrates, and

opt oel ectroni c devices incorporating sane, as well as

d nmethods for formn ition to
o pt ]{Hé%{‘gté‘t“rt% Pﬁt%egﬁtb"ﬁfc pRicRiRS g‘aﬁ’aﬁﬁlﬁv’éﬁ Eesﬁg\ﬁjﬁ qRfjeal properties are
desitkels il b3 lrggadptaricdlalupiropandtiral have@eendSeddadioreeduatddfortdaisnding
opt{caq g?ﬂglgatlec%sa l@ﬁ&}uoz) dc‘?alTl :8)511%19 (%% 1anR1de c;r %}liat%npl?: %gverrf]:d atc‘cﬁgfg ns.
app@w@hnsolp trihish he apijshli Iwéﬂrlalowﬂuzms @ M/@ldow elrmlewa ﬂ'mueh whiclgin optical

lasd? D& r@e@ te §§shéag>r ARR%dJC ﬁtu&rfﬁ{bﬁs mtEiaY¥ha6 HavE B&n QRtfe} ©Rlideration
material is utilized as a window or mrror, through

inclyga s&glegws@bqlqr@%, typicallydp the) @gﬁpfﬁggphgg %tgg‘ér@&rlblﬁ are mlcgostructurally
distinef frc4l@tiina AhtwmtﬂmU§a fibdtAkial pbGiod Sratunitd\seupS BdlubingAtiria

alm%u‘r)lg g d r@ ehra]l%: slg%lllgle(l\/%b;}{g %%Wféts%%ﬁge' alr{gggg%’rdlerg?nsstr%t? ceertain
leveﬁa Qf rrazimtmas; thmaalcdmym@ﬂy dinsihdsmoterifils bmralsumwr@erf@mance. In addition,
ta8ds AbiHvePan SHRAMAN o RE stRRfukel '&9% MNRu AR S nust be pai
Sapﬁﬁ%l uéi ng §/i tt?tik&g ﬁ%ﬁ% F]tg‘ ngr%eta @Aé “as vvee;afﬂ asuSt °paid
spi nel (MyOA1203). Wil e sapphire and YAG denonst r at e
certain
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| evel s of robustness, the art continually demands
mat eri al s having superior performance. In addition,

W@ applodrog7 does not have an optically i sotropi CPCT/US2004/030803
structure, and accordingly, careful attention nust be

duriggfphyicationef oupen's mopelﬂw/ng OS8O B thithe fngpgded axis of the
lightf RB Mk @AduzR the mpoperponent s to properly align the

m crostructure with the intended aX|s of the Ilght
pa§ 1ng1%ase9 {‘ngtléggs lgat\}ee %hgvg n}%glggy %oru Spnc{é magsf)e{j ical a leca 1ons Such as
VB ShoWn pro n deman BticEP"

mlhap'pllsq daigh @mseredsl@seﬂa Heweveri $uch mptgrialpsiee Imf wmogtﬂrpfdméqs,embludmg

matéri@ﬁf%&atlomi’&éé%g isbCR dRELE kRls are not without
drawbacks, including 5 material fabrication/processing

I ssues as. di scyssed aboye Vi ew f the fore

¢ Gy s Ry L 6 PR S O B PISEE R EN BUPeC BB vel
suitedefbreptical plicatidnk, as el 4sedprbad methvdsdad foragy skrea@t | ons, as

wel |l as inproved nethods for form ng same. DI SCLOSURE

OF I NVENTI ON 10 According to a first aspect of the

present invention, a single crystal spinel boule is

formed by nelt processing. The boul e has a
DISUDOSERAIGHINVENTION conposition and has a reduced

mechani_cal st ress. The reduced nechani cal st ress is

r e pYCesdng Q4 iy ashect & th Aot {VeRigh 2 ginglp eryfiasrinel B%ﬂi"‘éf formsg by

mehrmtceslsﬁg SThetbbal@ haala aut-sta&%memcebﬁpdsmbe arid$agiekdus@indalanical
stress ﬁ‘t{e r%duced r?e)él}aéncglrsocgelss’ § Oes Feﬁ’m % %gaa%ezyuﬁgi%’eyieg% g:%,e rengrglaf aqog less
thantahelt Arbeieldadte §s ﬂa“umilbseml/(\maf ) 5 100p@whardre;: eeald the mgpdertodintact

waf&§prb&§sea pakh m@%&h@ Qﬂd%@}'e B HESEmOY: oAb walkrs g ROMUR due to
Accord mg t o anot her aspect of the present invention,

integalgpenbppical eirsps exatfraig i Betoaf er is formed by nelt

processi ng, the wafer having a non-stoichionetric

c oreosdibg ©Rna@ied ashey ot presers chuentiohn, ianingle o@ital spibal @88 is Toeed
o SRSl DR SR 53550 SRS ARAEn B e Ph
streeb@weeduﬁ@rmryaqusi igrepresepfell bya vield oafe nphleisdhan abgut Ay aYigld rate is
defilidd@is SHOOD erme%fw y(wtms X m%e %ﬁer@@wf@’q@ﬁsec§§ﬁﬁhb&r&mtatcmafers

boul e, and I's the nunb fractured wafer

progeysgfhqhie B‘B‘Eﬂ el e PR IPRR fea‘f‘feg plE ropribeopagie ¥ &
mechdv@alnatls 6r sudadoméeboug. t 0 anot her aspect of the present
i nvention, an optoel ectronic substrate is provided,

co %Ecﬁﬁlhg\% afioieE E%Ec@l)ll the és?rﬁl %@% %9 §pt§élé@gp %s(ﬁﬁsYétre ?sl provided,

SpI ne ereln als greater t
COH%%WSF%H‘#IYPEWS‘RTM@PS ﬁmelercry@hl spiRel IR P Qffbe isgrepir ghan 111

suctCthy He@pind RIrlRB kn A150,fafd ﬁ@ﬂngﬁ%/crﬁtaﬂ%hfel IPoRB&ITT a @R process.

Accor di ng to anot her aspect evice is pr ovi ded,

V\hlpfc':rg(a‘ hlg%cl (0} I?%(I) ﬁer 6%})80 ea Sdg ice 1SC:pI}OV?%Ei:aV¥]ﬂ1(%lClJ% ddgsea[ noill-s%“olwﬁlomgtnc splnel
substrate fdrpediyy nidiiepreedsisg, rad . actA@ tyerdivertyigdhesniptriter aspect

of the present invention, a nmethod for form ng single

cr V&E&hmg @Qh&ﬁ‘ér aéﬁ@eft 61 tBe frése iR¥tde %imemaﬂ €40 fdrib biﬁﬁ@crystal
| InNn.a Cr U e, QW
Pl R Py et A BN PPOE FE ot o ¢ B S g  pint singl

crys&lhbtﬁhw frofphd @elg retsnnpﬁm_g pefehling timegietad ok grtdia thaa bigut 5030urs, and
shcm #111 gdulemgapﬁlgah% o afld. the boule into a plurality of
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3 WD 2005/ 031047 PCT/ US2004/ 030803 According to

anot her aspect of the present invention, a nethod for
wo eoogios®4si ngl e crystal spinel wafers is provi BerysS2004/030803

i ncl udi.n prOV|d batch.nmelt in crucible,,

gr SWFRY & gogy 9@%@%@5@% v eRdipn. Baed b Genen Einglpgrystal
spinelrvehfesd i p:noﬂgedt inaudjxm,ﬂr@ndnigia(baah pkluinalchiciplepgromiag £ Eifigle dristal

[ [ oce

spin e AR 8 sl o801, 1 BRI Al 1RG5 By e
boulasﬂm@mn at EPI‘IOQ?SE’o?équgTa@ o estilesetiansaboy Oﬂaxth@rwbssamctage being
defiRQU} Lrafld HWERIe thRe EbHG R Gudiisihé® EHnfRt €r . According

t o anot her aspect of the present i nvent ion, a nethod

for, formn n C st al i.nel r.ovi ded
R A e B R C
spinglrvofiirsig pravidgl, inelbhdisg mgliding admtel malk inheuiciblef growing hepinvkdidgle
r
crys&gf?duleq%gt (ppeﬁ O%? Uéoglﬁ%ﬁle lzolulﬁgpzln Ao[)}lg'ﬁ erﬂ%ﬁot Pagst thinea%c?'ut t535]’%r}10ur, and
slicipg e h‘?“ﬂf’cl?méﬂf’l“\‘i@élfyaf§’afelio Accor ding to anot her aspect of
the present invention, a nethod for formng single
cr )@&E(&Hlng ®phdiRr asped efthe ﬂré‘serﬁ E@Mitidﬁdmeihﬁ@ foud dinﬁ@g single crystal

spmgllvsh Eelrs is plgvﬁecf gflu‘gr&ﬁr%w? g&%a%c lélflfdlgl cﬂcg)%:oow n Fpéneg%?ﬁ?e
crystel baaledmol thwgelt, adodingiib¢ bdulsska ¢obléng raboi fesGH4@/ ahQ)lII 60°C/hour,
rest{lc%ﬁé 5&94115%1% am%%ddrﬁgt éréateﬁthgﬂ d%ﬁut@@ B(lm%d atﬂ‘l%hcngé' tﬁé%oeufe into a

han abou hours, and slicing t boule Imto a
plurglity playaes, %meﬁ giowing i the GOyl g@i"’é\ﬁﬁ FRjoC§Ts@ppectrig of not less
thantwwt ©.39, Svh@ieR\pocadk aspedd 206 B ASfiRS MeGhid dbvefagOboultfianieRE®
éi én ab ut 0.39, wherein process aspect ratio is
orucipl ingh dmgg ‘4 ratio of average boul e dianeter to
cruci ble inside dianeter. According to yet another
as peeurdingtosierngpther aspyeiacingls oiysiel spine materiallis irevided gbq matetial

havih E £ ndiBk EdhlRletric Qé%o@ﬁo@anﬁ ﬁ&uﬁtaQﬂaﬁs’Bh@I{E‘; {Wird6w ?éﬁfé@éh?eh H’ on
and having a transparency w ndow repiesent ed

absogpfiy Y pYer Q/W?‘S?leﬁgf’é F‘m&’ \R&W%‘ie@ﬁgﬁ ﬁ“%eéﬁ*ﬁ’éimgtfﬁ’é‘ %Véﬁ%‘i‘f’@ forpbout
800 mnye tﬁi@oﬁ&dﬂy R@ndbw i defit20 usttheéfﬁlf@esﬂ shgdloabadaprivity g€k BEGht Blonhg the
he .t r ans efine ar gest
wavel:elfl;%‘t:.ﬂranga,ofseO Iar ?l(m glpeg]é% hi ell‘l&ﬁl t ?ater éxm}(ﬂ% el engt h
range, the Iargest si ngl e peak hei ght bei ng not
greater than 0.35 1/cm BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a phase diagram of the MO A1203
B RIBEL ¥ THE ograph of a front view of a
SMeIG. 1db aphabadiagfadr df e ghbapdsygeown in a 7-inch
di ameter crucible. FIG 3 is a photograph of a front
Vi f:
7 s i Epleligif AR Bl e s P RG L Rf bUERrl B -nch
diangeies gucihleew of a 2-inch di ameter boule grown in a
4-inch dianeter 30 crucible. FIG. 5 and 6 are front

and1G.i3dea pioagtipl eFeat vianed £y 10de déanidies (4dndhpbdutbrown in a 7-inch
dian(efte!r 'm%&%%') crystal. 4

FIG. 4 is a photograph of a front view of a 2-inch diameter boule grown in a 4-inch diameter

crucible,

FIGs. 5 and 6 are front and side views respectively of a mis-oriented (flipped) crystal.



10

15

20

25

30

WD 2005/ 031047 PCT/ US2004/ 030803 FIGs. 7 and 8 are

front and side view photographs of a good [111]
\Nanwsmam47FlG. 9 illustrates a wafer having a BPCEIE1084/030803

d _hayi ng nunerq devi ce substrates or die. Fig

To FIRF ety hEReoH e M S Gpve e oot GAIEoaRl e

according to an aspect of the present invention. 5

FI GIG1Yillséens a wafpripries s difthawddind davinmmamnerowsdievicp siibstrains or die.

aspect of the present invention. FIG 12 illustrates

t heriRNbiif@katds bR BEHp RS/ BRIt ABSIO Hiick YdcbMing BY MRGTet o8 ﬁle Biesent

a previously devel oped cobalt-doped inverse spinel
InveRdieY | n Q switching applications. FIG 13 illustrates

the optical transm ssion (absorptivity) properties of

an HliGuhii shawy 4 méresglomaliagramacoaotigi timan asgectad the pizsat imeentioro f

the present invention. 10 FIG 14 illustrates a
por Fﬂ(}) 1) 1ﬁflstr5tgsethé:6ﬂ'tx¥ﬁ ﬁ@ﬁ%oﬂ (Qbsgllp%ltyﬂ-ﬁo MES ;F (%usly developed
CARRYI ON Accor di ng to one aspect of

Cd?ﬁé”ﬁ?%@@ﬁﬁpmﬂW§ﬂf?@ﬁwnﬁm§@ﬁ§F§wﬁ%ystaI spi nel boul e
and single crystal spinel wafers forned therefromare
pr oWiGd Edillusirgtps tbadtigsl trprsoaesabrgrptfitypprepeanips ef anrajusdialrich spinel,
[ the formation of a batch
a“ﬁ@f?%%ﬁegﬁ%?ﬁg#ETﬂﬁgﬁgﬁgwgg ? illustrated as step 210
in FIG 11. The batch nelt is generally provided to
manfCelt lll‘émﬁt@sna Roftin ohthe Y shv B At i on in the as-
formed boul e. According to one enbodi nent, the boul e
has a general formula of aADbE2D3, mherein Ais
sel ected fromthe group consisting of My, Ca, Zn, M,
Ba Sr Cd, Fe, and conblnatlons thereof, Eis
1) R EARRIINGQUETHE dINing A, In, C, Sc, Lu,
Fe A@c@ghn%%@e Qﬂ)reét @Phe {n@s%ﬁtqmenmoﬂ rhdsm%fg cgstjalsspﬁlal b@ﬁt& grﬁil single
fromthe group consis conbi nat 1 ons
oryptilgpiad rafefpriermed thersfrom pre 6f°bld%{1 Jynlcail% pgqyeaﬁms Piept singlpesrystal spinel
boiPbepmd wltISthé folrhation ofaah meln aGhdibief geﬁaiuyenhstraed as step 210 in FIG.
tr|c itio one

SI,0l C 0
1oy S gendafi PR o SPUE P G AU RE PR
forhedi®ula. th&rdlr@tto mekmbodidAsnt, tieddulbims @ igenerat foentlesfA DB’
WhEI‘glL%n?SC;thS@fr&h lgFOu F&ﬁ?‘étﬁ& oﬁ&g%afﬂlr N/FldBepgr Eﬁ er and I%ombma‘uons

es I'n i'nders,’
therepi(B isgeleqied: frpmpile grszlsp NetHrE g, €105% éPatFﬁi and eqmrlm iezgof, and

D ifseleBtedom Mel b®u ccﬁﬁ@hngd §, 98! and SdAfbhatid}@ theleBC whdr@l@h Bitio bia > 1:1

the for.ml a CbAlZCB Wil e sone
S““B f“}‘(‘{ '%%Spﬂ’ieg‘g f‘g’s‘ﬁ rEé)%: B‘?’ft Eflﬂ‘é‘a"‘h & Ft%‘%ﬂ RGPS tiop Ly pagin V%h&fh the
ratib lo&b: 44 O1 AV1218 Borspoictedmerretlp e BiniBMisvetal banatjo # 1:1.0 S
understood that the present disclosure nore generally

rel ﬁg @s@d ﬁCQCIIﬁ tlgrté?ﬂdﬁ{ulegfe o %mg?@ér%%%xggs%g%ec‘dﬁ JQ% %sgiag,

havi ng, t eneral 1 zed fornu
andipeludes mm pylindess ercthe liks stysBraygO- Al 203 system attention

is drawmn to FIG 1, 30 illustrating a binary phase

di agmm:ngto Odyidn AhBddBnenASA IsIMg)Bliy @teld is A% stidh@hadihtl Eihgddcrystal
splg%a&o%%tf la; aMV\}Qggxgzg)g/@g?égsﬁ 7e cl):;“ dfus‘cs%g)uge;l c/ogt%(r)xgﬂ?erein rEakes reference
to theMe@<\d:R% pningl bases- @ﬂl@@settwn tt@tmdea:stcwg @AnEBesent disclosure more

generally relates to a broader group of spinel compositions, having the generalized formula
aAD-bE,D; as described above. With respect to the MgO-Al,O; system, attention is drawn to FIG. 1,

illustrating a binary phase diagram of MgO-Al,O;. As illustrated, as the alumina content of
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Here, process aspect ratjio is defined as a ratio of

parai JUoshyRIFRly chemsleaysielPoule dfaramest « pogastAsRAet rati/efingigess than

abobﬂlBQe Héteapreéeesraspe& ri‘d’d’&s c&ﬁﬁd’d&l geradb afme&r@g“e b6ile 8iRBetQdIErBeible
1ts.n m nal

t
s S BATL R s 8t R By P Slhl?
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Resul t, <111>Aspect m hr) (i nches) (i nches(inches)Ratio

142. 52. 2yes0. 55 153. 52. 2n00. 44 164.52. 2n00. 37
wQAZs585042Nn00. 31 175. 254. 1yes0. 59 164. 53. 1yesOr&RUS2004/030803

2.553, 52. 2yes0. 44 2.564.52. 2n00. 37 2.5743. 1yesO0. 44

2. 5%’210#1312th25<a4€tq0wt gyentaliyof otiighy ptgl@hgse, with no secondary phases.
AcdBkdidg ldﬁaﬁ&éi/ 15008 G2 boully ﬁid@liﬂ VJ'aYers ﬁr&t@ss&ﬂﬁér&rdﬁﬁﬁ&fr&tof impurities and

oGR8 Hiafye froeceRbodltl BorP e s RS i Yot ibacate s
Optmiircmuamwaﬂvas Wefvefes agdisusessdavitd raoebostion asmisfngegsenfally of
aM%cﬂgMQ(b LR 5o FBRN Hrditer RGELL Gh BE £Q- L0 E@uﬁﬁ@%’d {Bg%tts’ are

fers are processe I nto evi ce substrates 1
gengrpilyagclided: diar examplpl Godgrestiiias fropHechygion dn theyferpeeingpenbodimes,

whibleMhdrgis@is @ GSﬁaﬁk&”bﬁQ Slltch Q;ﬁ)ﬁbaﬁbﬂsnﬁm daﬁtﬁﬁt% Qaklityh @Eho'énons it is
¢ “@ﬂo 5% W{Q |t aping is 03 taly, ﬁ)?é & A frect th
gengrally degiyed fiaf e BYsarRye spt tFr“i Ll”re%é“ e %%f OPZpipthat altect the

basig emboat! pyopprtiesaif thel éelice kdstraz¢anpl e, Co is restricted
frominclusion in the foregoi ng enbodi nent, which
ot h&Jchﬁlg td énb@dlglglﬁ@&tthe p?e'éengn§é%1$1{39 @@P&r&s@ﬁgﬂn%pﬁoule if¥ormed

contrast to Qswtch qﬁ | cat | ons, general ly
having dsirale BTRRSEtSh afdiianyips desidel bl orextatiog dgggritef gl he boules,
wafSIlsi thﬁdl aemcb adtkiyatds lf@ﬁed)cﬁeremﬁadlﬂo%eﬁehay haazfe f@ﬁded t3&haniBi Gitels and/or

novel . pr r.ti e de
straﬂc CIQIBPared t? %Otglfe}r% rae% %ﬁ!ﬁdes afvmtghe a rarl 1eoso E anve negzlar% embodlments
of thg mg;brg mypry@n prlovidpdepieblythiph lyildi rgesflm pamgettiotwifti fagnation of smgle
crys‘iiﬁ %v'afe% Qllxa? folth %@&attés @fsa tnltee@Ejeg 'ah%ﬁgbbptr&de hrﬁprg\?eﬁ;pfo%gsﬁg‘l'é%fﬁes,

orientation described above, oul es ers
dlSCé!@@‘i“@éﬂoéflﬂﬁéatlr*@F‘@éel%r med therefrom al so general |y have
reduced mechani cal stress and/or strain, as conpared

t 0 Witlstesdecthd ipedved @rod@ssing Cdatises, Nidtotlg nay e @oledbtir€lativély high

t hi di .
cooil'?ﬁ/rétﬁi ﬁughas n?t(}\rﬁse g}ar %’8§t’%m]f°yln%ns&ﬁ Fhﬁ] ﬁé{)ﬁevsen ]'%Ber cooling rates
mayCiEnnsst |acmrdmgtt¢1erﬁhodmnts ofnhegfresait mgér@Oﬂ, Suchaysit &hs tivafabous
IOOt’@/ﬁ(gur &66“@/11%91%%8 é\% G r&é ta%?]éa{e?f%ari a%thlt%S(%C/ d Tﬁé fﬁ%eased cooling

| nprove processi ures, I ScUss
rateﬁéfrseabébeltrmdve theouglipntrd Iths\ﬁabnwmrmrp@ssﬁercfpmti@ singjgrcygtelcboules and

ﬁlrtﬁér%ﬁﬁgestf-lé}ger%ﬁ%hﬁgeﬁo?f rtheteh'tﬁe ﬁ@l‘t@a@onnﬁ'bﬂ a&%rcﬁ%ﬁj r@ﬁc@@osts Boules

relatively high  cool |ng rates such as not |ess

formt SRR ﬁ%ﬁ?ﬂtlmﬁ% Pregegsie 29 aly arp pegled ph relafivelyio F?ﬂlfé% Fates, inan
atteﬁl@ﬁb bﬁGenf Bichise ddi’liﬂg’ thDevolitd ﬂrd)CZs@ dHag&er EJdc&ﬁmk ¢ embodiments of the

preieﬂtdﬁvegtbogu € coofmg rates rpnay%% gu%tstantll')ﬂ\{yelﬂéhlero }r)e’t st&l prov1da mtacP boules mS{he

as-cooled form. Generally, conventional cooling rates are on the order of 40°C/hour or less, requiring

cooling periods on the order of days.

Still further, according to another embodiment of the present invention, annealing of the
boule, conventionally carried out subsequent to cooling, is restricted to a relatively short time period.
Typically, the time period is not greater than about 50 hours, such as not greater than about 30 hours,
or even 20 hours. According to certain embodiments, the annealing is restricted to a time period not
greater than about 10 hours. Indeed, annealing may be substantially completely eliminated (illustrated
by lack of an anneal step in FIG. 11), thereby obviating post-forming heat treatment. In contrast,
conventional boule forming technology generally requires use of substantial anneal periods in an

attempt to mitigate residual internal stress and strain, responsible for low wafer yield rates as well as
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20 100C hour, 200C/ hour and even at a rate of greater
t han about 300C/ hour. The increased cooling rates
waledsoatohy inprove throughput of the fabricatiBeI/US2004/030803
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FIG dhdite wefes havemgenaﬂalllygufﬂamt dias@d and asgooiafet etrface area to provide
redl?éeél épo&gstlﬂ Q:Gst@i{or e Qc?i% &eoge IBSIRI}‘& :’tgxgr é aasm?}?ﬁergmﬁﬁr that éncreaseil wafer

ease cOoo rates as ove CCor
sweetﬂ@lmé@mlﬁfedvqmréle cpfiin theﬁm@mdeﬁoru fabricatior field| Aepordivghyi léal

gen%xtafl}e&&re@ Rt b e hé\fe% norgﬂdﬁ r&ta{nfetbxecq n&esY ih 'ﬂ)oﬁt"’ltﬁ uncBQ Sgenerally
nmber _of mtgct waf er s orrre bX{rSHCIn t he _boul €,

notéﬁﬁ%thaﬂaféow 0dgchgs apd i cerfaip qmbedimanis, 2.4inshes o greater s Cyrgani ity of-the
art frééebsirgdoatsfor Haydlmp yaffién @fivesievies falricatioh lelpgarddac hmdm t@Sinch

waldR &%gr%&e%s%%eq*upmgﬁ Bosr’ g%nﬁpr%ftl'br?e nl‘rlj W3 wager7 a?c%\}?eresgﬁt%c?mmg 25 g{}; In this
regmeirleiomrwssmg fewereﬁmmfer fftuiesdesaibedmfedy sexpgapeaianerdifers may be

supE&QmaJcQ[@mQMnﬁ)odlﬂi@gs Wineprdstieinpaiier of fractured 10
wafers fromthe boul e due to i nt ernal nechani cal

stress or strain Conventi onal

yi e’i‘e@ %‘gll’séra?e%a %fF‘;FCT"Bq[J]\Pg t%EH: %8%““8‘}% %PIS%‘é’P%TE?% mepf potably
wafarecdeeng ghhrylity oﬂ\dny%ethad fora irdividal devidniiseaitsabi aotiveatbvices. As

n d.str in th e

sho?r% C[Ees\%ltf ? 21%3 Jla%{e g in at(:%ogciagcg c\:vcl:tg ?t}lg fore o?ngrcliesm D%}:cj)n ?elak%gg o) wa{er
diaméter. fmé@émthq lm;@mai @ﬁﬁlcawéstwmrdm R yrersertaraped Srom thegwpfer 90,
subSHARAL to 2% é&{ﬁ&am@&ﬁﬂn&%{%l agl@%wegbﬁa%m%mt&sem%aﬁwcmr

|ncrea5|ng y high yield rates, such as not less t

about 50, 60 or even 70% Indeed certain 15

enbodi nents have denonstrated near 100% vyield. This
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strain as quantified above is not only present within

the as-formed (raw) boul es, but also the processed
whowsms104t he wafers sliced from boul es, and t heCTE8100€030803

substrates cleaved fromthe wafers. In this_  regard,
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features describ herei n, next-generation wa
dirggigd tyd). %ﬁﬁfﬁf&ﬂ‘{%@%&&‘b% pddiopad desaiip Ef-‘éﬁt‘iﬁ‘é%%“ﬁh gviceh éVhlle the’
fordQ&ﬁ@@ﬁHodﬂrﬂaMQmIstrzﬁé% an EEGdevicel it 1s Uﬁdefs(bb@&latahé/@ﬁ@ll electronic, or
accordin di ment of the sent inv ntion,
opic FSYOUSE V‘“@xﬁ% oY AR ﬂtéeré"’ﬁf GF R4 # seé?“’ ‘e 92
that form | nd| vi dual device substrates for active
deviuemag to pgficalappligpfions, pesordiag toronp appech offhenyesens inventiop, single crystal

spufepﬁﬁsrﬁﬁgg‘eﬁermytubtha Fo%mfopgtﬁ&wbgmgﬁ.%ﬁg bRk led. eﬁh@%mglg crlQal
ically he |nd|V| dual device

spine} jgateriabgepaaliyyhagg %m@ 1“3}0@"%‘& f)oarrpail%% apd, 3FFPEANE IR spbegiiment,
has 3 ragsphiaey widddw bver Mvad@lengii QRS $herkgave1E1Cgﬂf xeﬁgmgen’edaﬂly bxlendd along a

acti.ve deyice contra conduct
eGSR 0005 RETHRRRS hsom Ay dsfined o
the larggétwingle alisorgiity apa heigigialoag thy wislenssirabge, generallyi noggreater than
abo@RET 53 O @LdMRTo KeRhih elibddBonts! tH@wavlel%Eﬂ}’ﬂm?gé@J fufdh b & ded,
components may be cleaved from the wafer al ong
megfng ApLiGe rHERHEY WPdWém\%a‘P’é?d AR Wit Eegyeryrishgroaerample, the
waveRM@H randdthag laxtedde@\tca@eutrzbmsua{a@ 3g8N&1, 3500 b1 98 00 nm. The

ral |l el t he t he f Gener ,
aboy %‘é"tégi ?eétcsélglﬁfag?ﬁéw\‘ié&fea?nhe{gﬁ% cgrigim m@%"i’&‘&’ésds GRS %é‘wr reduced,
repaiesiingaidnsugriyistaadniitgrapbicties; swwh neaitegghi mn gredtaxtheh ybonh®33 cm™,
> ar I £ t bl e
sholsh Ttk 85 0% A Pl SR 30 Wi it BT, O
Desmgflyitrargmittgoqe(e absprptionprappriesdrerfeily flgoveran exdanfiedavavelength range,
indRRIng @ la@l@&ff d@;ﬂ:h&én%ﬂif hﬁlﬁmﬁtﬁnde |pf ﬁlés%taﬁﬁjupo-ﬁ- h@wel@@ﬂhtok ﬁé&ua{cy
opt oe ect ronic device is an ED 100, cont al ni ng
lLe. nitride sem conduct or
el Pl G R e TiePhuve G St amee-
Gedesillp, mpﬂ@ﬂtradalptb@pet dth aprialeh frgh eandples mvyugtaahlclslpﬂs néthindeangeef
aboﬁﬁtgﬁ% %ewm%a&&em%@ nRGHRA Pr Bétailofor L mads AR CQ ﬁﬁlgn Ramples
base’ layer Is overlard by an n-type Ga
106, an internediate (InG)N active |ayer 108 and an

upper p-type
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GaN layer 110. The p-type GaN |l ayer 110 has a p-type
contact layer 112 fornmed thereon, and the | ower
W(mz(mﬂomo@aN | ayer 106 has an n-type contact | aper/uizdnd4/030803
rmed. al ong a portjon of the device. The n-type GaN
hady w@}le%éesifgﬁbwémdwb? 03 degrees fiapnessof i/é%ﬁwe&?w&l deviation
ovetl 80k Gﬁpelﬂﬁlﬁdis ndemsnRl wik ea:es;amr}gaNa,radd M8 spdo) reiirinp@ératch and dig

spegr%céa%&ns accordmﬁ%? Mll% ?{%&&ﬁﬁeﬁégrg(yg/elﬁ e1\1” ewseéi,[ i dre]eorteﬁlf)al‘_;)éorpuwty
datPge arinsibidly ngnBB8J 87 thickuass efdighisarine) dllat i eteegebaally dlicknesd t 0
ind%j;&ngevi ces. Wile the for egoi ng enbodi ment

ustrates an LED devi ce, is understood that the
opt| cal or toel ectronic ggﬁ ve devi ces

ectronic,
ey 1% SRdy %ﬁ PP%%!%‘“%PW@?“Iéjo?tﬁ%lOn Sepynde ha dipyiegs horein. Fo. 12

- illustiaged éhe offtichintanighidsion Ggd takea lfrompNIE @ ALO BpiRe] havheported iagp ¢fC:1,

dop%g%étﬁgléﬁg‘/c Bf é)o * t’lﬂ% Bﬁ&?a? gltdtelll{f V! o}rrg)ercl acc%#dqlg Ito ance%géu%ent

desgrihed ot WiP. &atemo“mphmm@/%%@]é mlbhﬁhﬁméﬂ S. W@/OQQHQ‘P gommonly owned

by fhk ¥§§eﬁ! assig Ql'e@ eﬂ‘hls%tu@tﬁir%{ategﬂrkelfsé’d foy % Q@ﬁchﬁig ap hcatlons generally
di non-st oi chi onmetric conpaosition an accor to one

distinchem the prtical appligating %"‘é’ﬁ‘gﬁb‘é’a‘P é‘ﬁW‘Wﬁ abihe B‘G%Ft “é"en“on As
illuveved| 186G inple hage gestllewBioetieigiehk KethOe abranes aht yecurring at
b %<§9%nds along a transm ssion range from about 400 nm

t'0>"about 800 rim The transparency w ndow may be

defined as_the largest single absorptivity peak

hei BirenteptofleSt %én%)a‘v&mserﬁg thR optigpl Jansmissinr prapqrijes Agserding to an
emBYdRRnEST thelpRRent BvaBOH) hankbly3R uﬁmped a‘M?éIQJAdJO} GhitteDhdy Bk b BiaRatio of

SRR ATEHEES LRGSR R TR P CHE R ont 400

nmoy ghoute3 700 16he r Thi: taekteingly abisauptieity pEaris less atup biept @. hem™, occurring at
abo\ﬁ@% 8 nx%élljgserrltgg ch TRIeE X]St%QlQr 5%6%% ﬁ)?s oliltalﬁsﬁ%ggn AR e c%{)]alt-doped

nm or  even
Wuwrﬁei o d1G. 47 gésnmlsﬁ ahgpirdivibreal wmrwttapoupwl% nfiej ght in
certain enmbodiments is even further reduced,
r eprasiagiol fﬂﬁlcﬁl‘éﬁﬂf spluaa{aieﬁals,&fpaﬁmltotaaﬁmeghmmmé ®fmation of a

ver3ifil 73 o5 P a3l o Adkg RiPsReD s S g
corfipodiiorcindthe as}foneadspmei lbatetial Oged@aliyrin the forrdesd flavlpley describing a single
cry% Fl%»?@oﬁﬁeﬁﬂi&e} 5ce%ﬂ%°&z}ﬁ&f ﬁcmdeﬁhgcﬁ)se%’hhg&s efhﬁé dttudhures.

over wave ca Ing a

Actoading to Pragappedinientdle bofle hisaresmer foalmleofpw‘\@ﬁ@@sb @berméewelected
froMRIRI bR WelsBRElME! Cf 72 AHEBE Wr, CENE, ARllbtabindiBhs theddof, E is selected

transmttance renents are e endent u
frop the group gongisting ‘@ﬂ’éﬁ’aﬁct o, e ap "t?H’I P&Wg?ff‘tft "gg E’é Lfft d from the
groap mntlaklgn) $.rSe,ané ecippliragonk Eieten)wherdini eKcRsS 1Wistdhitimt the spinel is

rick ﬁ'%%ﬁn%ar c?a%ﬂgal?gxyta glcfugm«g‘tgc {%?m Oélgsh og%?r@ﬁc?l?}g%ét?ofof R a—hl .1,
Wh&mfswhm@em@msﬁ%lﬁwbﬂgﬁplﬁ321004/ 030803 had a
parallelismless than 10 seconds or 0.003 degrees,

f 1 ahBRERngS colihin &nmm@nm is mpgmd@(v bt B B AL s HKat HO Bfelg)é crystal

i s G P D RIS By SR P e s makosrfrenc

to the IO aN140y siine] BAsdd-OmpBBBOAt 1dnadrem@dahaﬂﬁé frEsehti disclodure more

eerE PRl LR EROD P BORBRRL M o B foBffica oy

aAPletDajaneS%t’fbeX@éYFer ally thickness 5 independent. To
clarify the foregoing optical properties, attention is
drawn to the drawings herein. FIG 12 illustrates the

optical transm ssion data taken froma MOAL2G3 spi nel
having a b:a ratio of 3:1,
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doped with 0.01% of Coe+. This particular material was
formed according to an enbodi ment described in U S.
w@au08/08104ppl i cati on 09/ 863, 013, published as WEI/US2004/030803
2003/0007520, commonly owned 10 by the present
as SVijledaDsrighisainglerg $eemlb(rfenﬁﬁf%%duba|a rtig biggeegtey pn 1:1, certain
emeilsmntt et 0Y: aadﬁp hbttas th@Sout genefuaﬁ dshot 16Hs SHah fHoht Iffr Dothdie
embo men {mvle %\%Iel hjtgﬁtr h&%{;‘%&%% telrg% eg?jggb Sﬁlg‘ agg%?s% ébout 2.0:1,
or ei@mgtalsas thei pighe?. Bb sorpting tOtcyrtqsewboﬂlewgh theaflatiyb mmtenoaf EzDs is
hmlﬁem SO Jas BHEH Tk MkioTHot gr@a@?ﬂ)ﬁn aboft 4r]]]mSPécﬁhccé9fBBcfhﬁ§1tts ngllhgﬁ'a b

and 14 illustrate the optica ransm ssi on
m“%@%%%?%ﬂéﬁéé%%ﬁfdlng to an 15 enbodi ment of the
present invention, nanely an undoped aMgObA1203 spi ne
haHotigwiag fraationbf acbateﬁ melbin aterudibIt, tyfieally,|thel spinelaingld erybtildoule is

| e f di
B STL5, 1558 AL A 0ol ISR RUAL Mg gt e
Crogfirpigl eulhm@mp:nwm heemusthiedife igtontc sevaiatsoledipents herei, itis

undREE4H thdt B Gk of ARRYE: oﬁﬁgt-&@éh tedfﬂ%@ﬁe@ 3§ B‘ﬁtﬁxctafrcfﬂ'%em | er
optical transm ssjon | oss or absorption than t

teChBHB%?I paydhg paliged sSpghmelt-pased feshpigyes glsq ’11101\143@6 Effﬁlgm?"\‘ rgqtlmdi the
hqu&iMQﬁcﬂfadul&teﬁjBnﬂ@frﬂﬁ nfh6d) It hadizoaliouiddicdOdzd i8thod (and edgdidefhed

growtg cr)rgglg&s,:ﬂ?]eastt%:gber er maﬁidﬂoerlt e t e?) rl%g l Istg%dt éllﬁese meL%%sec}]techn japes

fumilameatalbfrdnfifqr fom. ﬂaﬁhémblaite‘dhlqmlm thatgnefjebased tekioyqupr svov dewdletfpm a

mellT8H E(fnﬁ%& ﬂ%m@ AT E&'s E(Q '0195:{? I bdih me@tqm%léh' a({‘)Gulla 3 gfonﬁ but rather
as-formed spinel material, generally e form of

proviggs g P@Stantd]@wf Ty nagpial (§i°]h@“| l’épo"\‘.dney@{nﬁl o ﬁa%tsﬂa%r%@e ﬁylten
prodi®t it thpd SI6/e8&d dg@nst Mrkdi¥ing S1Fhdd IL FhicHPO nSltenPyddudl eRidBieand
the |ike structures. According to one enbodi nent, the

bo / [ . . rehn [

o018 98 FREREP A R ORRE T WABELD B v
the pghd crpyal r@tive Cdachpther. Jpipicatlprthd saes drystabis fayaedeqd ptoicHogegric spinel
and%% sﬁﬁfcﬁgﬂy n}gfaﬁd cgysaupgrépﬁmbﬁ&geﬁ&y% prodlde,a s@fable%qn late for

) i nat1 ons _t her eof ) 1S sel ect
boukerg&wh hTshe Siff‘ alarsa Loy 85 rofafed gelagive g 2 f@&d C“éﬁ‘hlf &g ﬁﬁFlh‘ﬁm%h%mtated
relaﬁha&b eﬁf(ed sWdey@daMora)oméﬂtel cucibleandthd sekd &Wtah m‘aj?l&t rotate@ During

fi
rotafc’? L ﬂl% I,s]eed ﬁgftal ach the actlv%y%rmm 0 %oucfe a% cllrawrg: %&] oﬁﬁe 1{1?] b ratio

I'S one
of b:a = 1.1, mhlle non- st0|ch|onetr|c conposi ti ons
havEypisally; e beuld consist essentiall3of aingls seinch Bhasco Wills R sadary phases.

Acc@iﬁﬂ@% SR MESteanfe, i bikle anld tﬁe%oﬁpcﬁleﬂs ﬁode&eﬂhereﬁ’dﬂ&ﬁe fr&fﬁf impurities

th | the f |
andop 9 ine OhG i S B e Sne e (S e PpA e ek
otherr@fsens edep@nt fhiaQ-twieh h@ﬁbaﬁbx%()&l @piraseth Qastettapplivaians,iit ib Qan&ally
desued tﬁa‘?a elﬂlqgerl)Zﬁqu% gm«tzlqée‘&tll&%i Sutdl gt%a?ln 'i‘reeddfﬁg AR %%Faftllga 1 basic and

roa group
deGW%@%$$ﬁdW§ﬂWW&WFHQ%the generallzed fornula
aADbE2D3, as descri bed above. 11 WD 2005/ 031047

PCTAM&IBIQQ&{ dad0dehis Mﬁiegoﬁ:sé:nzmenﬁbl{} B sﬁglé &@dta‘i slﬁl{eﬁl;]oule is formed
ener r than 1:

na g ARLTE ST B RO i BT i pubi e o Bplieh ot
forradalohereftbm2ish gersuatihhaas redeed nedanidahanassahdortstrdin, 5s domp@eder

stmﬁﬂ%qge%cr@&ﬁé hglr%:\é% bed\é OIP b9 hﬁlrt %R? el‘nbg en%fof EA@ g%éie’nt in\(l)e?tion

ative suc as not ’han about
providesdesippbly bighyisidrpigin m@é‘tftlorzvvlg* fmrman@mf SigElp e yitd ceranopgpiisthat form
enbodi nents, the relative content of E2D3 i s
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5limted, so as to have a b:a ratio not greater than
about 4:1. Specific enbodiments may have a bra ratio
w@booalosws7 3: 1 (e.g., 2.9:1). Follow ng fornatiper/ok2084/030803
in a crucibl caII the spinel single
g ot P i el Db e by ot e rossime aies
dississedinasord de@rilGzreiabeiat. ski pul i ng techni que. Wil e the
Czochral ski pulling technique has been utilized for

f or @, QReQb n&?&v%@ﬁr@ce%ﬂgqgfu% r{flersrbger O#Qe coofed %tsfel;}tgrely high

under st ood that any one a nu
coofipg-14is Ygeas nogless giag @h0hfc59°q/hq9m Bvembyghot wln@mateq wotheiutlired

accgﬁ%ﬁ %%gm%&ge&fgélgﬁaﬁahggéﬁtl%rp alt%fﬁgs Jo{el@i@ @ﬁag Qﬁngt 08 nour,

2008¢/Bexs srd exenery 2 Bitd o giester th@étﬁbﬂyawof@{@uh oT ewrﬁmﬁ ceplingliaent
desfrib@ﬁ%xgroq@ﬁamglpu@d? the %H@augr%rbcﬁ%(%r gﬁ%&@%ul@ﬁ%d further

St ock %er net hod dﬁéopo us. ne hese
redpgg the sz au%getaﬁmea%%fabrfcatwa Atcandimgly grdpgecspsts. (Romles fosprd
accf)rldﬁxg wboh\eﬁdmalqm&smgl génbrally di’@doble@ﬁ&ﬂﬂlvﬂ? Wﬂoﬂlu@&‘rat@[ @wh a
attemgtJ to grev anc%lr (?1¥1n% he & O! processv\ﬁsowﬁ/er ackc): né LcJo em%odnnen%s of the

rom
prefeutt m\reamdmehhe coopmg:meﬁe@ ba subgirs takipnitighfet wttﬂfprcrvawmmt @mleain the
as—c(o%#ﬁ; H)nﬁSG@mQraH? %Entlfo 1 Egohngt Igtesaarbﬂ{ thé &rﬁ\ggf 4086/1‘101& I‘(]Ieless requiring
pr oduct then projected against a recel vi ng

000%81?6&@@ Oéﬁle\ﬁfﬂeb?fdﬂﬁe mol t en product solidifies.

Generally, the single seed crystal is contacted with

t hestimefhdther, wktiofdelgrt@inamérmglbds&tﬁenbaﬂtﬁdprﬁa{tinvamldn aﬁﬂk&hr@@ﬁtﬂe
bou‘fe Xonvenfmnaﬁy ?aatrﬂe\ég)attsglfsgaglgrb Itocc}?&&%elf i;e%/tglctg(%o ﬁ%é[lanigy gl‘ﬁ)g%ﬁlg gerlod
TYIBQ}ﬂf, itheitirstperjodhis myi greater ithay atmpitS0doyrs, tsedhlapgpt grshtbrghan about 30 hours,
or @ngﬁﬁg' Ayco;dﬁlg% &}ﬂlﬁi le%dﬁ{éhtg <’1‘1%' aﬁngaﬁ‘ﬁ'éng égtﬁTt&pcB a tlplgbgrﬁd not

grow h seed crystal may be rotated ative

gregter,thag ab%& hois. Indepd, sapegtingamay bpepstpialbetomplstsly e%l@fna&eql \ﬂ@reby
obvidtin@pdsi-faeins RROreahi &t ﬁal cont@kt, mwan&daﬁooare w&mmg@ecmd)gy B@erally

d tal. : t
oS S R TR B e S RSt e
resmutiblefor tolwsvaf@ Iyteld ratysyis walll asyboult hrestiine UV ighoowishisy ts be tied to any
par&&ﬁ?@&d 1§/?1e? Eveﬁ th%é tEeglJ C&CRI aiﬂ(? Jntemgfas%r%s a Sttljg Athe boule ag ording
y Accor p the

secondar’ ng to anot her ature,
to e@@ml@elamreemrr@@w@rﬂéﬁbls prgpestingrerditiqnp dichifling deczgeged py @@plete
elir¥hatiofPitinhdali@Speriedd Chs %Pﬁﬂﬁ&ease&@&ohﬁ%(ﬁfépLs@»ote@@bdv§ _
restrlcted fron1|nclu5|on in the foregoing enbodi nent,
whi ot her i S .
o Al e, e SRR oMb prssspr g
quapifieg by gield|rdts thedlembqr etintadt atmmnents| fertried by maghining tlsﬂvmdel Typgally,
maHﬁﬂn{g‘ 1@@4@16% UQ%E@{SI du@bt s\évefra,rl Sfin Eecﬂﬁ@@y tRstthB@iy 3l §Singt RSused
devi ce su &s

basic and nove roperties bst r at

berejy yiRidoraie dier be quanti %@dﬁ?@ﬁ’l“%ﬂ fci T e 10%s whirein o 7aliemiggher of

intadt o‘éfnﬁg{eﬁis ﬁrbbé‘ésfe@hoﬁ lﬂie IB&lle bﬂwf Ethb SudtRF mauféa%rﬁlﬂnents from the
ition éo desi red .optica

b°“g°r‘§‘f) é"rlP‘Fféﬁl ‘"‘f‘%&‘“ﬂ 8‘15?3%%‘ St“’é‘h’a ”te&ﬁ’ﬂ}&n v entiofalfy ity 10 s very
low $vel esfonaim cades L% €The ngdcteptabipioer yiddiaeech manifdaiibe ofl excessive
inte2fa ﬁl%fsgsgaﬂﬁ &0n xﬁwe%gﬁe Iﬁ‘éonﬁa’s?g,g{d‘%ﬂist a%?onﬁx%%%b %Qﬁo%m?e%% 'ofthe

artic aV|n? aratio
pregspigp iR atedyritally pod legythaneshaut 234 dA%ioneren Hi%o\Piler emboditheats show

incdRfgTy@kbhYidH 18is, ¥ilck hhol Rés@Bin bduCANEESR i@ M0 Tdeed, certain
formation of S|ngle crystal conponents that form 12 WO
2005/ 031047 PCT/ US2004/ 030803 integral parts of
| arger scale optical assenblies, and al so provide
i nproved processing features,
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di scussed in nore detail hereinbelow. Wth respect to

i nproved processing features, the boule may be cool ed
watoosebmut vel y high cooling rates such as not P¢EES2004/030803

t han about 50C/ hour. Even higher cooling rates may be
embpflimepts haye dempustigtedingqg 100% Wb oEisFEReS intsmak shagicalsirps and/or
strai /b Gukhii f¥d abvtl Bho By Pdsert @8in thB adﬂfoﬁﬁlﬂlalfawﬂ-mﬁé @iblso the processed

o e M oo B G Moy B ot R Rl prorocesed
boulaypenerakly dehoteshghlpathatbéivetbbrn sitadsted tsmost@nolpg owrdswng staps, such as
boul es and further reduce the
gn?ﬁ%?ﬁ%?gbﬁgg%%aﬁéaéﬁggent|re fabrlcatlon and
accordingly reduce costs. Boules f n? according to
convAEHRg 1B g Pl abeicr gnagitiiation of gheaw%e Paigiaty erfodinents may

have @driatid gearhytrid @wfigodions) Gor eRirfse, the Matdfial bdy 8¢ ineligTornt &7 a polygonal
plarp [ e\lﬁrﬁp ! %ufclq Caltré‘I rﬁ)gld 81{1%19 Stmgmfatﬁv%iy, tﬂcgcJ})x{ At mz\iy be 11‘1’% %ape ofa

ﬂattdhehacymé o plrfgﬂar ertavel optgypebphesy Esﬁealmprefaallzgd mplghfeqns yreéltfor more

con%g X shap&r QU £18n 1hD kG of P&H& @rsxmln@ §u@l§conﬁ$§neﬁ@ AHaF e sfuﬁml utilized a
ner al , conventi onal cool |n§ulrat eS are oh the order

the &Pdlaw Abpsepguided gissile, fog eremplagStiladfist mamfesiaioppiadudstishtides,
akiDfodBér opfic ddﬁhy&wnt& 1A particulat alppmcanoaemmeh higrorls Qlaﬁﬁ]g)it lﬂgﬂy pohshed
pres vent neal.in
Sm%%e lent%eat AR 5t 112 L n%ngo na ‘S’/CE oA 19ﬁ1 11g§ i Blsagﬁhca%}ns fu(%}tl asin
lasigppdsivicesgparticglarpiwtinding thellaseocagity el ati vel y short tine
period. Typically, the time period is not greater

t h aﬂlrﬁﬁ)@tbl Eim%lghtkl QdiinE; vaPibiés &aﬁ:‘ﬁal@%re 5B 8 ot B BPRMEem®
ours, Accord rtain

ours, 0 e
det%’ﬁ% Hﬁeﬁ‘é"l’f’lage t}gﬁeﬂ’@%& NAERAef ﬁﬁlnfé b4 asrcég’leg P‘Egégl e pgsealleq Jegspfluence
failjye keclonttjun aitilizigy saamingial fulsa mch@WI-IM)Q)f POu & an mwﬁaedangle of 0°. The

nun?qlhgp (%%Lés ughzg% %r Sﬁl Q? \t/ ncf, c%lerapr{]y V%%Hlp% %%%% o¥s per site

weig @k Yaasd germaﬂwwﬁhm mage %MP@OW)?% ﬁgcor@@m o @wdlment of the

preameakdnytya&u& QAL LG R 1S §1as& 240 SthRHol ¥l nAMISBhn about 3.00
ds 1h an attenpt to mtigate residual interna

G“@%ﬂf 55V aRgest atlof, non- R e S1ee tr o ld 1Bt e Reibighrretugh as not
less tRin@Boua%.25)et dveds SOOW/ o’ hraaeivelémgth M Gddamt W shing to be
tied to any particular theory, it is believed that
t he
o ERERE B VB L Pl BB R 51080t Shic B Rk TP v
43(rmigensy 8@ sijsp were segﬁew agBtiefi20¢ thais perisite: | Tigblp h Gelene synunasiesy thyrdata

of &ﬁﬂ@in@ﬁa@cor(ﬁﬁg tFh\@to@iheRfof AP PR®Ah i@ntRA! ds@6lfrast@SgiR | as
creafﬁ ollag@rates ignoted above. 25 Accor di ng

sm¥%me% a4t s2PphE PEYACti on in i nternal
mechani cal stress and strain are quantified by yield
rate, the nunber of intact conponents fornmed by
machi ni ng the boule. Typically, machining is carried
out by any one of several slicing techniques, nost
notably wire sawing. As used herein, yield rate may
be quantified by the formula c;/(c; + cf) x 100%
wherein ¢, = the nunber of intact conponents
processed fromthe boule, and cf = the nunber of
fractured conmponents fromthe 30 boule due to interna
mechani cal stress or strain in the boule.
Conventionally, this yield rate is very low, such as
on the order 10% The unacceptably lowyield rate is a
mani f est ati on of excessive internal stresses and
strain in the boule. In contrast, yield rates
according to enbodi nents of the present invention are
typically not |ess than about 25% 30% or even 40%
O her enbodi nents show increasingly high yield rates,
such as not |ess than about 50, 60 or even 70%
I ndeed, certain 14



10

13 WO 2005/ 031047 PCT/ US2004/ 030803
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100, while carrying out 200 shots per site.
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TABLE 1 PCT/ US2004/ 030803
wasrgsprisd pig g 1ggnner similar to the 1064 nm testing unless otherwise indicated. Here, a spot

gdl fst—stot LIII netrt+c

th &f3%0n. Again, testing
TERI ALDanage

diameter of 300 microns was utilized, a pulse width of 18 ns and the number of sites was increased to



Damage Threshold @ 1064 nm (J/cnR) 1064 nm ( GWV cn®)

Sapphi re38. 61. 93 YAG8.01.40 1:1 Spinel51.72.58 3:1
wEpiseB®@7 04. 00 As illustrated, the 3:1 spi nel PCT/US2004/030803

denonstrat es superior damage resistance to |aser

TA?EE sure, notably denonstrating an unexpected danage
shold of 4.00 GWcnR. Table 2 bel ow sunmari zes the
data for var|ous Ikanﬁ"ﬂseshxﬂd @40 nm Themige Thieshglang@s

CHATERIAL 5 out in rzlmlartot 1
data. Here, he spot gglp\grren%zr was {115 mggzrélggﬁx’@mr) t he

cobal t - doped sarrpl e, the spot dianeter was 170 m crons
an§aBbirshot s| per site 8%e utilizdd rather OBRan 200

Shots per site. TABLE Z VATERIACDanmage Threshold @
Darrazgs&} Threshol d @ 1548.6nm (J/ cnR)|{1540 nm ( GMcnR)

nl 7 8VI\f32EOQQJlQn|nQI11Q{'\EOQ1

r 026
AP P T CtI09— HeT—TT O

rﬂ

Spi .4 1:3 Spi C02+63. 53. 2 Furt her,,,.danage
thir gg lg?ffzd testing V\BSQEJ{?IZH ed out jlat a wavel ér%qth of

532 nm Agaihnh, testing 10 was carlried out in a manner
si ¥ Beirelt o t he 1064 nmM%®sting unlless ot her Ri8e

| n.C“ .Ca[ ed. Here, a _Spot dianeter or sUU m Ccrons Was
ut i $tilzresher, eramm BowMubhinfarigdk tedifhg B&lm’lﬂnt’l‘b@nﬂ@%b@@fm@f out at a pulse

.sites was | e carryin
i B8 b ook PR P s e S A et B Bt
PCT/ US2004/ 030803 MATERI ALDanage Threshol d @ Damage
TABREédshol d @532 nm (J/cn2) 532 nm (GWN cn®)

Sapphi Te16. 380. 8D amage Threshold @ Damage Threshold @
MATERIAL 2100 nm (J/cm®) 2100 nm (GW/cm?)
Sapphire 35.0 1.75
YAG 53.0 2.65
1:1 Spinel 60.0 3.0
3:1 Spinel 50.0 2.5

Still further, testing was carried out at 3000 nm. Testing was carried out at a pulse width

of 10 ns, a spot diameter of 110 pm. 40 sites were tested, at a density of 200 shots/site.

TABLE 5
Damage Threshold @ Damage Threshold @
MATERIAL
3200 nm (J/cm®) 3200 nm (GW/cm?)
Sapphire 35.0 1.75
YAG 48.8 244
1:1 Spinel >55.0 >2.75
3:1 Spinel >55.0 >2.75
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15

20

YAGL5. 610. 78 1:1 Spinel 44.972.25 3:1 Spi nel 10. 00. 50
Still further, Table 4 bel ow sunmari zes testing at
WQ@106/08meu7 Testing was carried out at a pul se mTIUR2004/030803
40 ns, a spot dianeter of 140 gm 50 sites were
tested, at a density of 200 shots/site. TABLE 4
[EERI ALDanmage Threshol d @ Damage Threshold @ 2100 nm
(J/ cn) 2100 nm (GW cm Sapphire3d5.01. 75 YAGE3. 02. 65
1: ICriible s FOPardticd: 392y ofi BgB0veombibedStithl 2874. 55 dfIAO; (
alu&ﬁ% o)ﬂge) Wi, r%ﬁlg&ﬁa‘ijﬁ erlIJJ m&%fl ﬁ&iﬁlglf %%ea?%%r 19 grsvﬁtsl 100 degrees

carrie

centiiradedn @ramyf crucitde. gfﬁ:r cq@ngﬂﬂeeeslxmrwas trengfemed] mtatan ﬁldﬂlmlictb}‘e 100

mmqulgxqgeéh@;@/ﬁﬁ{a@_ TABLE 5 MATERI ALDamage Threshold @
Danmage Threshold @ 3200 nm (J/ ch) 3200 nm (GWV cm

Sapphir 75. YA(AS.. 4 1:1. S | neI >55. 0>2. 3:1
o B b il sl B P PO 0A RSB s
Czoehralsip kwystrgursitlodtatiof vad gette@rtceqhamatlmmmt 619@& oxidg mifturl/fOmeans of

radi%{e@x §<glrﬁ%1]ti[ﬂ§ dAMErpango@cZnﬁTuﬁgs\Rnge é%illﬁscl)lﬁ% gf mtﬁg% E}HIQm 11 addition of

raw materi a re m xed toget
oxyBReettas gsefl groungizbaprugibleat 1100 degrees 5 centigrade in
ceram c crucible. After cooling, the m xture was
t r aAfsd ene hedture Whsliqaid aismhldéebtfnrﬁsfaﬂ,l@ﬂtﬁﬂ el s’bﬁﬁl witi®1il 1> orientation
TS BR  Ra e TP Y sS Biy Me A p
bougzess Bnoafh sklnz1rxgrt13c§olh>lvv1rx§rpmsh ccslthapmsochammn as meratewh 1% muhgeed

pull%%l rheb SmRL 's&& I'Cﬁ.);tloﬁ Htﬁ: 4% dc%olrﬂo%fx HhE6 Qﬁé toRaR 194 nsradi o

frequency heatlng An I nert anbient at rmsphere

consi st i nitro ition of
?\fter coglglg 8]6 crystal wa v1suam mspectec? or ulbbles 1ncluswns or any other visible

defects. After visual inspection the top and bottom ends were removed, and crystal was subjected to
an x-ray orientation check (Laue diffraction technique). After passing all inspection tests the crystal

was used for “bar-stock™ preparation.

The foregoing description has been presented for purposes of illustration and description. It is
not intended to be exhaustive or to limit the scope to the precise form or embodiments disclosed, and
modifications and variations are possible in light of the above teachings, or may be acquired from

practice of embodiments of the invention.
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10 oxygen was used around the crucible. After the
m xture was liquid a small seed crystal of the 1:1
wapdoseBiowi t h <111> orientation attached to thecpubioosgsoso3
rod was used to initiate the start of the crystal
growt h process. A single crystal boule was grown
CLHHMszing t he follomrng process conditions, dianeter
nm seed pul l'i ng rat nnihr seed
r ot ittt er%?erﬁ%fsel %Pmrldﬂﬁrle EBad by pracrreing ﬂﬁfbgu ¢ payiogia npR e
123 hr s stoichiohbttieéonpogiidnragd Iﬁd@ﬁg 6 Feylfided Incah@icaV bifkiadr btyain
Id gfs gg?ts ergp'&e{s?nrtled g b b%lgl%ate Iho;t] Feés% altn gﬁoutt %(;%,a rﬂ%re%h%, c{)rat;é ItlSSV!I }?w,g- ")
ends werxd09%:vo 7l nuzibey Of:mymfermessw;ﬂr@c&a@dmula anqpis = the
X-ray Oryh@hd: of fdRired Wafk HohADR bolif de@EihieRAR rﬁ&ﬁéﬂﬁhﬁ&@s} or strain
After paSS|ng all inspection tests the crystal
used for?thphfilest ock™ preparation. The foregoing
description has been presented for purposes of
|II r j,nt ended
%zlthg )%(‘ éeuds} tcl%v e1 gvr%g'r I@ yrePd{}at? K not less tha b%gtﬁg é or eci se
fornror enbodi nent s di scl osed, and nDdlflcatlons and
vari, afne 883 FRinP0 $8éih elyRid rhif RtnoQkss tBLBRD0S:.
teachi ngs, or may be acquired from practice of
enbodi nents of the invention. 17 WO 2005/ 031047
PCT4. US2 604¢ g'80B0B whkréih WS yieldlrate & ngi leng then ghoyistOa.  spi nel
boul e forned by nelt processing, the boule having a
non_stai chionetric conposition and having a reduced
nechahiieg crystat wins! waferdorpsd by m‘f“ép‘i’cé%s’é‘ﬁtﬂeed”"lg‘if hayigg adjop-
rate n Otstolioﬁﬁ)ﬁlethb &dinpaliditan® Aing Wha & Iihtéﬁhaﬂitﬁssfoabtﬁnﬂ fspresented

Wi/ (W umber . Nt

process ed 3y egﬁ%%%%gga %tg?ﬂ agoutg&/e \r/\]frem Yt‘eﬁ‘Pfatehs . ‘@ ‘%‘? 0%, v,

f r act ur edthsvaimbersf intagtwasas phodsesed fond the beude, piitve Frilzel number of

mechani Cfﬂ.l:l‘ul%a EER nBh tl%tbleéﬂe e tb Hlecth capg}égs%r st?am 1;1- & boule.

boul e of claim 1, wherein the yie rate 1s not |ess

t han about 25% 3. The boule of claim1, wherein the

yi eb.drhe aihgle trgstd) efinedl @56r df biaih 5 batitin 33%afer Kas a Thameta0ofhet less
mMIbmlfy %é wherein the yield rate is not |ess than

LRS- 20805 A single crystal spinel wafer fornmed by

melt processing, the wafer having a non-

St 07 Cie GREBL ErlyGal GRIPRSEL df ORI ALEEN iR Y aRr hRdUGRiEker of not less

internal stress or strain represented by a yield rate
thap, ghout ZdkiBehehan about 20% wherein yield rate is wi/(w

+ wf) x 100% w = the nunber of intact wafers
p ro a () a €
P of RS L0 U B s e R HER o

thaw ghowicsS iaghesst rain in the boule. 6. The single crysta
spi nel mafer of claim5, wherein the wafer has a
di a f not

| ess _t _apout 1.75 i.nches. 7. .The
O e e o ot Bt e i v et G gl St
singlaépirte] phas, withdhubstmtiadly nofecordbry e

10. The single crystal spinel wafer of claim 5, wherein the composition is represented by the

general formula aAD-bE,D;, wherein A is selected from the group consisting of Mg, Ca, Zn, Mn, Ba,
Sr, Cd, Fe, and combinations thereof, E is selected from the group consisting Al, In, Cr, Sc, Lu, Fe,
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than about 2.0 inches. 8. The single crystal spine

wafer of claim5, wherein the wafer has a dianeter of
wootosloeng7 than about 2.5 inches. 9. The singl EBCTUgB0&D30803

spinel wafer of claim5, wherein the boule consists
andogmbinptions thgreqdfand D issqe}qu(bfr@pihﬁ gloumdeasising (A §, e, and combinations
theb hadh b Bkib ¥:a BA:1SELANMBE YoiRDRSES I EWS,. The single

cryst al spinel wafer of claim5, wherein the

conposition is represented by the general formula

aADDE2ID8 singlh@yseil spinkl waferé blaiot Iédw]ﬁelremm\ sz, rioOpand E is Al, such

| St , Sr, Cd, Fe, and
ﬂm@%ﬁ%#%%%ﬁ%%g%?ﬁgreoi le se?écfed fromthe group
consisting A, In, Cr Sc, Lu, Fe, 18 WD 2005/031047
PCTi1)S3Q 64108530 %i@ﬂdaf@x%’@lhiﬂﬁlfoi, Wikseid 18F280b:a isabdedtta® about

12_selected fromthe group consisting 0, S, Se, and

2donbi nat i ons t hereof, wherein a ratio b:a > 1:1 such
that the spinel is rich in E2D3. 11. The single
cry $1. all'he §iﬂ%9 @rkrsta\’l\@u?e[ w%r ot 'clglllrmolﬁheréMIﬁé ﬁh@b ‘3‘15 not IQ@ thalpabout
is 0, and IS A", such that the single crystal

254dpi nel has the fornula aMyObAl 203. 12. The single

crystal spi nel mafer of claim 10, mherein the ratio
C r y S% 5‘ll"hg gl&l%le chrsﬁ e?wa aler o f:lalmll Olﬁ&erev&]%? ra110 ﬁ R noﬂ%%a;er than about

4lb:a is not |ess than about 2.5:1. 14. The single
crystal spinel wafer of claim 10, wherein the ratio
b:a_is_not greater than gbout 1 The single
crydtalie §‘ﬂ$ %W“%)véﬁ‘“é“ﬁ wfpr o plgimy Owh"‘f%\}hgi’ BplHF *t%lowarr%%chamcal
stri3@andatrdinveaipakd ohgivhdabtric §itebss and strain conpared to
stoichionetric spinel. 16. An optoelectronic
substrate, consisting essentially of aMjObA12Q8 single
crydg-atn @meh@romc syhisesie Pensigting gesprsially of aMeQ:bALEy gingle ¢gpal spinel,
whtaﬂaﬁ a$RHobal > 1: Bsublh Bt thelpifdl 2R h ir2AD.L B8 t1RisAglk @ryﬁéil)é%hé‘l'ls formed by
|neI is formed by a nelt process. 17. The substrate
tPECHFm 16, wherein the substrate conprises a wafer.
18 The substrate of claim 16, wherein the substrate
[
su ggf r%lt%?:ubgt ¢ (ﬁg{aﬁw{ ggggh{\ﬂg% ?url? t eg%laFréS%s?%w% eaved from
the wafer. 20. The substrate of claim 16, wherein the
Sub$8. rere gublsipdte oI cRidf f6AGRer&alint albbieitef cOfpresd 4 @Xfofthed @MU dfer.
of an active layer thereon. 21. A device, conprising:
a non-stoichionetric spinel substrate fornmed by nelt
pr o¢®sHiengpstraiend claim! Sawhdreiwth dig ésrclegved ijowpi thegvafdne
substrate.

20. The substrate of claim 16, wherein the substrate has a surface suitable for epitaxial

growth of an active layer thereon.
21. A device, comprising:
a non-stoichiometric spinel substrate formed by melt processing; and

an active layer overlying the substrate.

22. The device of claim 21, wherein the substrate has the general formula aAD-bE,Ds,
wherein A is selected from the group consisting of Mg, Ca, Zn, Mn, Ba, Sr, Cd, Fe, and combinations
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22. The device of claim 21, wherein the substrate has
the general fornula aADbE2D3, wherein A is selected
wo e@siostee7 gr oup consi sting of My, Ca, Zn, M, Ber/US004/030803
Cd, . nd conbi nati ons 19 WO 2005/ 031047
thefeﬁcﬁ*ﬁ@é%%ﬁ"ﬁ%%@%‘m PHERES, et S, b Feand epyoingiiqn Hgreof, and
D is @l fir@n ths ot cﬂ)@sm%ln% ol %) Sg @ﬁd coSibmatlh.d:hs thElgof% Wiieekin z|11 ratio b:a > 1:1
| eo and Dis selecte romthe group
Suc}lﬁ%ﬂgégéﬁg?&h?p%mgg and conbi nati ons thereof, wherein
aratiob:a > 1:1 such that the spinel is rich in

EZB3 “Thé &Vlcszclﬁlﬁ‘ﬂ’ GherBih ACik RlgD %%, L QL Ruch tlﬁa@thg/gnglpcrystal
, _such that the single crystal

?pﬁ’éllhaﬁggf‘inﬁ 2 iRy pAL2C8. 24, The device of
cIa|m22 wherein the ratio b:a > 1.2:1. 25. The
de , r.ei n. t io b:a <4.0:1. 26.
Th%i gﬁv?%ggofdl%%g e ﬁﬂ%ﬁfg}oggﬁ{%g device is an
opt oel ectroni c device selected fromthe group
COZES iTht HdVie of dlAG Y, Whein@IR rafdth:a2u.0:ED device. 27. The
device of claim26, wherein the device is an LED
device, the active layer conprises a nitride
seti. dbadayoe of cldim P rwhe2@ thellegeaigineopprelpditoalc dsyiienected from the
group@h&etingh 1asdr A&idIBLIEHI1ED L@%. Ng a non-stoi chionetric
conposition and having a transparency w ndow
represented by absorptivity over a wavel ength range,
t hzy. W édvien of dinith 26| Gheexitilerddvicds i ICHD debioe) thedOe MayertcOmprises
. ot he transparency w ndow being defined as
amtr?(ﬁg&‘ltngo?lg%éo? T ngI e absorptivity peak height along
said wavel ength range, the | argest single peak hei ght
berng sﬁl@fe cHb@abiadl nfaRA4), thdmaA&iaChbving gen-s-fd'i&ndﬁﬁtrﬁrcbxﬁf)osiﬁfm and
claim wherein the veler&%ﬂll)dg% extends gr}gt
about blag?]mnspageecy “’r‘ﬁ WTBREPTe DY GBIV W dirppee,
t he wauid eaglelipti aipg extending fids: abiqut @ rabio uboudWO@mne  31.
The mater j f
or cat or Pt iR an S U heehdi bt ek,
28, whelaag paid ievelergtiylange; the latgest gjpgiemeal haighhbringinoigrea@r than
cm . 333sthe material of claim28, wherein the
material consists essentially of a single spinel
phase, with substantially no secondary phases. 34. The
mat% rMheamatefial of ddim2 2 8vherainareatameléngth rimae etténdd uphtasboud BO00 nm.
general formula aADbE2D3 wherein Ais selected from
t he oup consisting of Ca, Zn, M, Ba, Sr, Cd,
e30 gl'ﬁg matghid) pHedaim 8$P§vhg@1n\y@ W@gyg@ggggg{ thends up to about 4000 nm.
PCT/ US2004/ 03080 3 t hereof, E is selected fromthe
Rnsonsistin
| na tgrﬁaz { %Pé%ﬁfwmeméh erB‘“.g i Iéolkge ¥ giafl 0ecmgr oup
conS| sting 0, S, Se, and conbi nations thereof, wherein

a $ At mbtedal 3f airk 28, wherein the height is not greater than about 0.25 cm™.

33. The material of claim 28, wherein the material consists essentially of a single spinel

phase, with substantially no secondary phases.

34. The material of claim 28, wherein the material has the general formula aAD-bE,Ds,
wherein A is selected from the group consisting of Mg, Ca, Zn, Mn, Ba, Sr, Cd, Fe, and combinations
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such that the material is rich in E2D3. 35. The
material of claim34, wherein Ais M)y, Dis 0, and E
w0 2008l03103uch that the naterial has the fornmul BCT/US2004/030803
aMgObA1203, the material consisting essentially of
there g AT oS BTSSR 258 Cordiafons fhepepfand
D is feltte®frbin the ighup@isistiag o, $, 188 rnddmibinatlon? thireof, Biereid fidtio bia > 1:1

rial.of clai 35, wherein the ratio b:a is not
S“Ch@éﬁe?ﬁ%ha?gt%‘(%%@@%: 1. 38. The material of claim 35,

wherein the ratio b:a is not |ess than about 2.0:1.

3935, Tine iR bf Mim 0, whkRin 13 81e, WARS BAOE 1sPE, shdhltha 1 ndtehid has
not. | es n about of claim

th . 2.5:1. 40, Th ter.ial
the fofgula ghzP RO e Taleripl SoRistig cseniaypt MEDSAHO> The
material of claim35, wherein the ratio b:a is not

gr %tﬁ% mtd A} o?btfﬁlld.tﬁ %h%rein%‘rrt%h)ea igmt 4, tﬂ:;n a9§ut ‘fbé}' m 35,

wherein the material has a [ower nechanical stress and
strain conpared to stoichionetric spinet. 43. The
Mas e rihdnaefial 6F @dik32 Svhetdln@icahtd t:diendtBkShinabotd@s:1a | aser
damage threshold of not Iess than about 3.00 GWcn2,
at a wavelength of 1064 nm 44. The material of claim
2838. \ifhe meienial ohdaiprdf.ovbiergin thegatiorb:g ipyeot flesy thanebowi A.0dpt i cal
w ndow. 45. The material of claim28, wherein the
na%er'al IS in. th 0

ma

.he _farm an optical mrror, 46. The
& g aigfislof slfimh 35 g heriindpeiip e no e P o 51T 1 he
formof a |light pipe. 21
40. The material of claim 35, wherein the ratio b:a is about 3:1.

41. The material of claim 35, wherein the ratio b:a is not greater than about 4:1.

42. The material of claim 35, wherein the material has a lower mechanical stress and strain

compared to stoichiometric spinel.

43, The material of claim 28, wherein the material has a laser damage threshold of not less

than about 3.00 GW/em?, at a wavelength of 1064 nm.
44, The material of claim 28, wherein the material is in the form of an optical window.
45, The material of claim 28, wherein the material is in the form of an optical mirror.

46. The material of claim 28, wherein the material is in the form of a light pipe.
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